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Foreword

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

and n
techno

The prpcedures used to develop this document and those intended for its further maintenance
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ogy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

lectrotechnical

of information

are described

in the ISO/IEC Directives, Part 1. In particular the different approval criteria neededyfer the different types of

documpent should be noted. This document was drafted in accordance with ‘the editoria
ISO/IEL Directives, Part 2 (see www.iso.org/directives).

Attentipn is drawn to the possibility that some of the elements of this document may be the sy

rights.
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te an endorsement.

explanation on the meaning of ISO specific terms and expressions related to conformit

following URL: Foreword - Supplementary‘information

mmittee responsible for this document is ISO/IEC JTC 1, Information technology, S(
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. It also incorporates the Technical Corrigendum ISO/IEC 30190:2013/Cor 1:2015.
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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 the large capacity and high-speed transfer rates that would be needed for recording
and reproducing high-definition video content.

Then, in October of 2004, more than a hundred companies joined and the BDF became an open forum called
the Blu-ray Dig farti i i i i Format
Partl in Octol [ 2008,
which enableg

er of 2005, and Version 1.3 of the Blu-ray Disc™ Recordable Format Partl in Apfilo
the Recording Velocity up to 6x.

By the end of levices
such as player|

P010, over a hundred million Blu-ray Disc™ had already been shipped, andBlu-ray™ (¢
5, recorders, game consoles and PC drives were in use all over the world.

The BDA also
Testing Centel

conducts verification activities for the disks and devices and has, established more than 10

s in Asia, Europe and the USA.

The BDA gaveg consumer applications the highest priority in the first few years. But it was known, of ¢ourse,
that Internatiopal Standardization would be required before many government entities and their confractors
would be allowed to use Blu-ray Disc™. In February and January of 201%, the chair of ISO/IEC JTC 1JSC 23
and JIIMA (Japan Image and Information Management Association)formally requested the BDA to cpnsider
International Standardization. The reason for this was to enable/the inclusion of writable BDs, along with
DVDs and CDg, in an International Standard specifying test methods for the estimation of lifetime of;[‘optical

storage medi at his
brdable

organization hpd decided to pursue International Standard<of the basic physical formats for the Rec

and Rewritabl

In December

ISO/IEC JTC 1/SC 23 via the Japan national body. They are 120 mm Single Layer (25,0 Gbytes per di

Dual Layer (5
Dual Layer (5
Quadruple Lay
disk) BD Rewr|

This Internatid
recordable opt

Some technicg

for long-term data storage. In October 20115 the president of the BDA responded
Blu-ray™ Format.

f 2011, BDA sent project proposals for the International standardization of four forn
,0 Gbytes per disk) BD Recordable disks, 120 mm Single Layer (25,0 Gbytes per dig
D,0 Gbytes per disk) BD ReWritable disks, 120 mm Triple Layer (100,0 Gbytes per dig
er (128,0 Gbytes per disk) BD Recordable disks and a 120 mm Triple Layer (100,0 Gby
table disk.

nal Standard speeifies the mechanical, physical and optical characteristics of a 11
cal disk with a.capacity of 25,0 Gbytes or 50,0 Gbytes.

| errors were found during the editorial work for JIS X 6230, which is the Japanese Indus

nats to
5k) and
k) and
k) and
tes per

PO mm

frial

Standard identical with:aI[SO/IEC 30190:2013. In December of 2014, a Defect Report was submitted by t
Japan nationall body of ISO/IEC JTC 1/SC 23. The project editor proposed a Draft Technical Corrigendy
ISO/IEC 3019(:2013 and it was approved by ISO/IEC JTC 1/SC 23 in May of 2015.This International
Standard is the updated First edition of ISO/TEC 30190:2013, Including the Technical Corrigendum and
additional corrections for some minor editorial errors.

ne
m for

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

The International Organization for Standardization (ISO) and International Electrotechnical Commission (IEC)
draw attention to the fact that it is claimed that compliance with this International Standard may involve the
use of patents.
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The holders of these patent rights have assumed ISO and IEC that they are willing to negotiate licenses under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,
the statements of holders of these patent rights are registered with ISO and IEC. Information may be obtained

as follo

WS.

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

Hitachi, Ltd.,

IT [Platform R&D Management DiviSion Patentstrategy

3

Pdnasonic Corporation

In
2-

Pi

Intellectual Property Division, Legal & Intellectual Property Division,

1-

Sd
IP
1_

Attentipn is drawn to the possibility that some of thelélements of this International Standa

subject
identify

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

to thei
concer

NOTE

-2 Nakazato, Odawara-shi, Kanagawa-Ken 250-0872 Japan
llectual Property Center, OBP Panasonic Tower 8™ Floor,
| -61,.Shiromi, Chuoh-ku, Osaka, 540-6208, Japan
pbneer Corporation
|, Shin-Ogura, Saiwai-ku, Kawasaki-Shi, Kanagawa, 212-0031, Japan
ny Corporation

Asset Management Department, Intellectual Property Division,
f-1, Konan, Minato-ku, Tokyo, 108-0075, Japan

d may be the

of patent rights other than those identified above. ISO and IEC shall not be held fesponsible for

ing any or all such patent rights.

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

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

atents relevant
te information
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INTER

NATIONAL STANDARD ISO/IEC 30

190:2016(E)

Information technology — Digitally recorded media for
information interchange and storage — 120 mm Single Layer

(25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per disk) BD
Recordable disk

1 Scope

fernational Standard specifies mechanical, physical and optical characteristics of 8120 mm recordable

This In
optical
unreco|
interch
reversi

This In

disk with a capacity of 25,0 Gbytes or 50,0 Gbytes. It specifies the quality of the

Ange by means of such disks. User data can be written once and read“many times
ble method. This disk is identified as BD Recordable disk.

ernational Standard specifies the following:

— th

— th¢ conditions for conformance;
— th¢ environments in which the disk is to be operated and ‘stored;

— th¢ mechanical and physical characteristics of the\disk, so as to provide mechanical interch
data processing systems;

— the¢ format of the information on the disk¢ificluding the physical disposition of the Tracks an

— th

ee related but different Types of this disk;

error-correcting codes and the:coding method used;

recorded and

rded signals, the format of the data and the recording method, thereby~allowing for information

using a non-

ange between

0 Sectors;

— thé characteristics of the sighals recorded on the disk, enabling data processing systemis to read data

frgm the disk.

This International Standard, ‘provides for interchange of disks between disk drives. Together W

ith a standard

for volyme and file structure, it provides for full data interchange between data processing systems.
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2 Conformance

2.1 Optical

disk

A claim of conformance with this International Standard shall specify the Type implemented. An optical disk
shall be in conformance with this International Standard if it meets all mandatory requirements specified for its

Type.

2.2 Generating system

A generating gystem shall be in conformance with this International Standard if the optical disk it genefates 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 aJl three
Types of optical disk according to 2.1.

2.4 Compatibility statement

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

3 Normative references

The following eferenced 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 refefences,
the latest editign of the referenced document (including any amendments) applies.

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

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

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

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

cycle)

IEC 60950-1, Infgrmation technology equipment — Safety — Part 1. General requirements

2 © ISO/IEC 2016 — Al rights reserved
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4 Terms and definitions

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

4.1

Application
application specified for a BD (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 ha

recordefd by an OPU using 405 nm laser diode and NA = 0,85 lens

Note 1

4.3

Channfel bit

eleme
(4.34)

4.4
Cover

. : Yy ' 4 el ' 1 PRP-Y SN aa el P
My a CLoveTl Laycl (&.4) AlUUTNu U, L TTTTT UTHCK alfi d oubstdle (F.090) AlUUNu L, LTI UiCK UTT WiTiY

0 entry: User Data recorded on the disk is formatted using 17PP modulation and an LDC+BIS Cod

t by which the binary value ZERO or ONE is represented by Pits (4.22) or Marks (4.1
bn the disk

Layer

1 data is read or

/) and Spaces

transparent layer with precisely-controlled optical properties that‘covers the Recording Layer (4.27) closest to

the Enfrance surface (4.10) of the disk

4.5

Data Zpne

n

area between the Inner Zone and the Outer Zone'on Layer Ln (4.16)

4.6

Defectjve Cluster

cluster

4.7
Digital
DSV
arithm

and the decimal value ~¥'to Channel bits set to ZERO

4.8

Disk reference.plane
plane defined) by the perfect flat annular surface of an ideal spindle, onto which the Clamping Z
is clamjped,that is normal to the axis of rotation

4.9

in a User-Data Area (4.39) that has been registered in a Defect List as unreliable or uncd

-Sum Value

tic sum obtained-from a bit stream by assigning the decimal value +1 to Channel bits (4

rrectable one

.3) set to ONE

pne of the disk

Embossed HFM Area
area on the disk where information has been stored by means of an HFM Groove (4.12) during the
manufacture of the disk

4.10

Entrance surface
surface of the disk onto which the optical beam first impinges
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411
Groove
trench-like feature of the disk, connected to a Recording Layer (4.27)

Note 1 to entry: In case of a Single-Layer disk, the Groove can be carried by the Substrate (4.35). In case of a Dual-Layer
disk, one Groove can be carried by the Substrate and the other Groove by the Spacer Layer (4.33) or the Cover Layer
(4.4) (see Figure 1, 2 and 3). Grooves are used to define the Track locations. The Groove corresponds to the area that
has been exposed to the mastering spot. In general, the Groove can be a depression in the carrier or an elevation on the
carrier. If the Groove is nearer to the Entrance surface (4.10) than the Land (4.15) (see Figure 55), the recording method
is called “On-Groove recording”. If the Groove is farther from the Entrance surface than the Land, the recording method is
called “In-Groove recording”. In the BD Recordable system, the following are the three types of Groove:

— Wobbled Groove (4.41) in Recordable Area (4.26) containing address information;

— HFM Grogve (4.12) in Embossed HFM Area (4.9) containing Permanent Information and Control deLta;
— Straight Groove without any modulation in the BCA Zone.

412

HFM Groove
High-Frequengcy Modulated Groove

groove (4.11) modulated in the radial direction with a rather high bandwidth signal

Note 1 to entry: HFM Groove creates a data channel with sufficient capacity and data’tate for replicated informatior).

4.13
Information Area
area on the digk in which information can be recorded

4.14
Information Zpne
recorded part ¢f the Information Area (4.13)

4.15
Land
surface of the Recording Layer (4.27) between sticcessive windings of a Groove

4.16
Layer Ln
one Recording|Layer (4.27) of the disk identified by n

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

4.17

Marks
feature of the|Recording Layer (4.27), which may take the form of lower/higher reflectivity domaing in the
Unrecorded Recording Layer, that can be sensed by the optical read-out system

Note 1 to entry: The pattern of Marks and Spaces (4.34) represents the data on the disk.

4.18
Measurement Velocity
linear velocity at which the disk is measured during reading

Note 1 to entry: nx Measurement Velocity means the Measurement Velocity of n times the Reference Velocity (4.29).

4.19

Modulation bit

alternative form representing the data that is more suited to be transmitted via a communication channel or to
be stored on a storage system
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RZI conversion

method of converting a Modulation-bit stream into a physical signal

421

Padding
process in a drive to fill up the missing Sectors (4.32) in a 64K Cluster, which is consisting of 32 Sectors, with

all 00h

4.22
Pits

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

features of the Recording Layer (4.27) which may take the form of depressions in or elevations on the Land

surfacd
Note 1

4.23
Polarij
directid

Note 1
the bea

4.24

Pre-re
area o
standa|

4.25

Protec]
optiong
other ty

4.26

Recorgable Area

area on
as defin

Note 1
recorde

4.27

that can be sensed by the optical read-out system

0 entry: The pattern of Pits and Spaces (4.34) represents the data on the disk

ation
n of the electric field vector of an optical beam

0 entry: The plane of Polarization is the plane containing the electric field\v&ctor and the direction
M.

corded Area
h the disk where information has been recorded by the manufacturer/supplier of the di
'd recording techniques after finishing of the replication process

tive Coating
| additional layer on top of the Cover Layér(4.4) provided for extra protection against
pes of damage

the disk where information is recarded by means of Marks (4.17) and Spaces (4.34) according td
ed in Clause 13; either by the'manufacturer/supplier of the disk or by the end user of the disk

o entry: The Recording ‘kayer (4.27) material in the Area is composed is such that, once the layer
[, any attempt to change'the information will result in Unreadable Data.

part o
manuf

Recor{ing Layer

the disk consisting of a stack of films of specific materials on or in which data is
cture-and/or use

f propagation of

sk by applying

scratches and

the data format

(4.16) has been

written during

4.28

Recording Velocity
linear velocity at which the disk is recorded

Note 1 to entry: nx Recording Velocity means the Recording Velocity of n times the Reference Velocity (4.29).

4.29
Refere

nce Velocity

linear velocity that results in the nominal Channel-bit rate of 66,000 Mbit/s

4.30

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

Note 1 to entry: In future standards, the value can be released.
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431
Reserved
<field> field(s) not specified in use, to be ignored in interchange and to be set to ZERO as value

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

4.32
Sector
minimum-size addressable data part of a Track (4.36) in the Information Zone (4.14)

4.33
Spacer Layer
transparent layer WIth preciSely-controifed optical propertes separatng wo Recording Layers (4.27)

4.34
Spaces
areas separating Pits (4.22) or Marks (4.17) in the tangential direction in the context of HF signal.

Note 1 to entry: [The pattern of Pits/Marks and Spaces represents the data on the disk.

4.35
Substrate
layer which may be transparent or not, provided for the mechanical support.0fthe Recording Layer(s) (4.27)

4.36
Track
360° turn of a ¢ontinuous spiral, formed by the Grooves

4.37
Track Pitch
distance betwgen centrelines of a Groove (4.11) in adjacent Tracks, measured in the radial direction

4.38
Transmission| Stack
all layers together between the Entrance surface (4.10) of the disk and the Recording Layer (4.27) condgerned

Note 1 to entry: |n other words, the Transmission Stack of a specific Recording Layer consists of all layers that are|passed
through by the light beam when accessing that Recording Layer.

4.39
User-Data Arga
collection of all Data Zone(S) (4.5) on the disk and consists only of the Clusters in which User Data ccan be
recorded

4.40
Virgin Groovs
blank Groove on the disk which have never been recorded

4.41
Wobbled Groove
groove (4.11) that has a periodic sinusoidal deviation from its average centreline

Note 1 to entry: By modulating the sinusoidal deviation, the wobble provides address information and general information
about the disk.

4.42

Zone
annular area of the disk
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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: —mdicatesamactionmor feature that s andatory and-to-bemplermentedtothaim

compliance to this specification.

Shouldg: indicates an action or feature that is optional, but its implementation is strongly,

recommended.

5.1.2 |Levels of grouping

Many tlmes data is collected into groups, where these groups of data can be\collected into higher level groups.
For thg 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 contdin bytes of information.
Block: the second level of grouping. Generally, Blocks ¢onsist of a number of Frames.
Clustey: the highest level of grouping. Clusters consist.ef several Blocks.

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

5.2 Representation of numbers

A meapured value, Xmeasured, May be rounded off to the least-significant digit of the corresponding specified
value, x, before being compared with this-specified value.

EXAMPLES:
— THe specification is:  x = 1,26*303 .

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

— THhe specificationtis: x < 0,3.
—1 A measured value Xmeasured < 0,35 fulfills this specification
(rounding off is applied for 0,30 < Xmeasured < 0,35: Xrounded = 0,3).

— THe specification is: x < 0,3.

A _measured value x

+=0.299 fulfills this :pnr‘ifir‘:\finn

eastet

(no rounding off needs to be applied).
— A measured value Xmeasured = 0,3 exactly does not fulfill this specification.

In case the specified value is given as “max(imum) x units” or “minimum x units”, the measured value shall not
be rounded off before comparing to the specified value. Parameters given in this way shall not violate the
specified limits set by the exact value of x.

EXAMPLES:
— The specification is max(imum) 0,3 mm.

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

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

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

numbers, the

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

wn
’

(comma). |

(space) can be used as digit grouping symbol.

n large

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

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

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

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

An uninterrupt
The setting of

In data fields q
Byte 0, shall b

In a field of 8n
b(sn_l) shall be

In data fields ¢

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

In a field of 4n
b(4n_1) shall be

A range of valu

A list of intege
7). If the step g

A group of par

between m and n, including m anid ' (e.g. byte 16..31, bit 7..4, Addo .. Addass).

If X is nearly eq

5.3 Integer

div(n,d) repres

n bits, bit bn-1) shall be the most-significant bit (msb) and bit b shall be the least-signifi
Ehall be recorded first.

bd sequences of m Os in a bit pattern can be represented by [0™].
hits is denoted by ZERO and ONE.

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

bits, bit bsn-1) shall be the most-significant bit (msb) and bit-bg the least-significant bit (I
recorded first.

pmposed of nibbles, the data is recorded so that thesmost-significant nibble, identified as
bits, bit bn-1) shall be the most-significant\bit (msb) and bit bg the least-significant bit (I
recorded first.

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

s is indicated as i .. j. The list-contains all numbers between i and j, including i and j (e.g
ize is different from one, this\is indicated as: i, (i + step) .. j (e.g. k=1, 4 .. 16, where stef

bhmeters is indicated.@s\Param m..n or Pm .. Pn. The group contains all parameters with a

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

calculus

cant bit

fied as
sb). Bit
Nibble
5b). Bit

k =
- 3).

N index

EntSthe integer part of the division of n by d

mod(n,d) repre

For example: div(+11, +3) = +3

sents the remainder of the division of n by d: mod(n,d) = n —d X div(n,d)

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

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

floor(x) represents the largest integer number <x

For example: floor(+3,7) = +3

5.4 Names

floor(-3,7) = -4

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

having explicitl

y-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

DCz Drive-Calibration Zone

DDS Disk-Definition Structure
DFL Defect List

DI Disk Information

DL Dual Layer

DMA Disk-Management Area
DMS Disk-Management Structure
DSV Digital-Sum Value

EB Emergency Brake

ECC Error-Correction Code

EDC Error-Detection Code

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

FWHM Full Width at Half Maximum
HF High Frequency

HFM High-Frequency Modulated
HMW Harmonic-Modulated Wave
HPF High-Pass Filter

HTL High-To-Low

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

LPF Low-Pass Filter

LRA Last-Recorded Address
LSB Least-Significant Byte

Isb least-significant bit

LSN LogicalzSector Number

LTH Low-To0-High

MM MSK Mark

MSB Most-Significant Byte

ms millisecond

msb most-significant bit

MSK Minimum-Shift Keying

MW Monotone Wobble

NA Numerical Aperture

NHWS Normalized HFM-Wobble Signal
NRZ Non-Return-to-Zero

NRZI Non-Return-to-Zero Inverting
ns nanosecond

NWA Next-Writable Address
NWL Nominal Wobble Length
NWS Normalized Wobble Signal
OPU Optical Pick-up Unit

PAA Physical ADIP Address

PIC Permanent Information & Control data
PLL Phase-Lock Loop

PoA Post-amble
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PP

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

10

Push-Pull

peak-to-peak

Pre-amble

picosecond

Physical-Sector Number
Relative Humidity

Ratio HFM-Wobbled Groove
Relative-Intensity Noise
Repeated Minimum-Transition Run-length
Reed-Solomon (code)
Relative Thickness
Recording-Unit Block

Reftectivity < T Resotution

Reflectivity x Modulation

Symbol Error Rate

Second-Harmonic Distortion
Second-Harmonic Level

Single Layer

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

Synchronization

Temporary Disk-Definition Structure
Temporary Defect List

Temporary Disk-Management Area
Temporary Disk-Management Structure
Track Pitch

Transmission Stack

Reference Velocity

wobbles
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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 of the disk may use High-To-Low (HTL) or Low-To-High (LTH) technology. Recorded
HTL Marks have lower reflection than the Unrecorded Layer(s), recorded LTH Marks have higher reflection

than th

e Unrecorded Layer(s).

This International Standard provides for three Types of such disks.

Type §
this R
charac

eristics (see Figure 1). The capacity is 25,0 Gbytes.

L/HTL disk the Substrate is covered with a HTL Recording Layer, consisting of several films. On top of
bcording Layer, a transparent Cover Layer of 0,1 mm is applied with precisely-defined optical

Type DL/HTL disk the Substrate is covered with two HTL Recording Layers, each-censisting gf several films.

The two Recording Layers are separated by a transparent Spacer Layer of\about 0,025
Recording Layer seen from the read-out side of the disk shall be semi-trangparent. On top of

Layer,

Type §
this R¢
charac

To imp)

Data ¢
power

The R
naviga

Recorg
Cover

For reference purposes alllayers that the light beam passes through when accessing a cer

Layer i

L/LTH disk the Substrate is covered with a LTH Recording, Layer, consisting of several
pcording Layer, a transparent Cover Layer of 0,1 mm(is applied with accurately
eristics (see Figure 3). The capacity is 25,0 Ghytes.

Fove the scratch resistance, the Cover Layer optionally can be protected with an addition

AN be written on the disk with a high-powercfocused optical beam. The data can be re
ocused optical beam, using the difference«inthe reflectivity of the Marks and the Spaces

pcording Layer(s) contain Wobbled <Groove(s) with addresses that enable a spee
ion system for the data to be writtento the Recording Layer concerned.

ing and read-out of the data js accomplished through the Cover Layer or through the

5 called the Transmission Stack of that specific Recording Layer (see Figure 1, 2 and 3).

mm. The first
this Recording

a transparent Cover Layer of about 0,075 mm is applied. Both the{Spacer Layer and tHe Cover Layer
shall have precisely-defined optical characteristics (see Figure 2). The capacity is 50,0 Gbytes.

iims. On top of
efined optical

Al hard coating.

ad with a low-

d control and

total stack of

| ayer, first Recording Layer;and Spacer Layer, depending on which Recording Layer is ifvolved.

lain Recording

© ISO/IEC 2016 — All rights reserved
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12

direction of
rotation

-

Transmission \
Stack \ Substrate HTL

\ Recording

Transrhission
Stack 0

(Protective Coating)

Layer
/ Cover Layer

Entrance surface
for optical beam

Figure 1 — Outline of Type SL/HTL disk

direction of
rotation

D

HTL
Recording
Layer LO

4

Y

Substrate

Transmigsion
A

HTL

Stack 1

(Protective ‘Coating)

Recording
Layer L1

/ Cover Layer
Entrance surface

for optical beam

Spacer Layer

Figure 2 — Outline of Type DL/HTL disk
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direction of
rotation

-

I \ Substrate }'H

Transmission \ Recording

Stack

Layer
Cover Layer

Entrance surface

(Protective Coating) for optical beam

Figure 3 — Outline of Type SL/LTH disk

This Infernational Standard specifies four kinds of Recording Velocity: 1x, 2x, 4x, 6x.
Figure 4 shows the Recording Velocity requirements for each Disk Type.
Type Mark Push-Pull Layer Recording Velocity
polarity polarity Type 1x 2X 4x 6X
Type $L/HTL HTL On-Groove SL m m 0 0
Type DL/HTL HTL On-Groove? DL m m 0 0
Type $L/LTH LTH In-Groove SL m m 0 0
m Mamndatory
o Optlonal
a pve polarity shall be On-Groogve-for both Layer LO and Layer L1
Figure 4 —+ Recording Velocity requirements for Disk Type
Figure |5 shows the Recording Velocity requirements for the disk (see 15.8.3.7).
Type SL/HTL Type DL/HTL Type SL/LTH

1x 2X 4x 6X 1x 2X 4x 6X 1x 2X 4x 6X
2x disK m m - - m m - - m m - -
4x disk m m m - m m m - m m m -
6x disk m m m m m m m m m m m m
m Mandatory
- Not allowed in this International Standard.

Figure 5 — Recording Velocity requirements for disk
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8 General

requirements

8.1 Environments

8.1.1 Test environment

8.11.1

General

During measurements for testing conformance of a disk with this International Standard, the disk shall be in
the test environment. The test environment is the environment where the air immediately surrounding the disk

shall have the
— temperatu
relative hu
atmosphe

No condensati
sufficient time.

8.1.1.2 Tes

Some parame

following two tests shall be performed. In both cases, the required speéifications shall be fulfilled dun

time it takes fo|

a) Applyas
humidity 3
b) Apply as
10,4 g/m?

10 % (see

8.1.2 Operating environment

A disk in con
ranges of en
environment w

temperatu
relative hu
absolute
atmosphe

following properties:

re: (23 £ 2) °C;
midity: 45 9% to 55 %;
ic pressure: 86 kPa to 106 kPa.

bn on the disk shall occur. Before testing, the disk shall be conditioned ip,this environme

| conditions for sudden change in operating environment
ters can be rather sensitive to changes in the operating«environment. Where specifi
I the disk to acclimatize to the new environment.

idden change in relative humidity, while keeping:the temperature at a constant level:
90 %, temperature = 25 °C — relative humidity.="45 %, temperature = 25 °C (see Figurg

Idden change in temperature, while keeping the absolute humidity at a constant level
): temperature = 25 °C, relative humjdity = 45 % — temperature = 55 °C, relative hun
Figure 6).

ormance with this International Standard shall provide data interchange over the sy
ironmental parameters-in the operating environment. The operating environment
here the air immediately surrounding the disk shall have the following properties:

re: 5°Cto 55 °C;
midity: 3 % to 90 %;
umidity; 0,5 g/m®to 30 g/m3;
ric pressure: 60 kPa to 106 kPa.

There shall be

nt for a

bd, the
ing the

elative
6).

(about
nidity =

ecified
is the

putside

na’ condensation of moisture on the disk. If a disk has been expased to conditions

those specified above, it shall be acclimatized in an operating environment for at least two hours before use.

14
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Figure 6 — Operating;environment

8.1.3 |[Storage environment

8.1.3.1] General

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

— temperature:
— relative humidity:
— absolute humidity:

-10 °C to 55 °C;
5 % to 90 %;

1 g/m?3 to 30 g/m3,;
atmospheric pressure: 60 kPa to 106 kPa;
temperature variation max: 15 °C/h;
refative humidity'‘variation max: 10 %/h.

8.1.3.2] Climate storage tests

To checkienvironmental 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].

© ISO/IEC 2016 — All rights reserved
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8.1.4 Transportation

8.14.1 General

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

8.1.4.2 Pac

kaging

8.1.4.2.1 General

The form of g
agreement, is

8.14.22 Tse

Insulation and
of transportatig

ackaging should be agreed upon between sender and recipient or, in absence ef{s
he responsibility of the sender. It should take into account the following hazards.

mperature and humidity

wrapping should be designed to maintain the conditions for storage over'the estimated
n.

8.1.4.2.3 Imlpact loads and vibrations

a) Avoid mec

hanical loads that would distort the shape of the disk.

b) Avoid dropping the disk.

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

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

8.2 Safety requirements

The disk sha
foreseeable us

satisfy the requirement~of-IEC 60950-1, when used in the intended manner or
es in an information system.

8.3 Flammability

The disk shall
specified in IE

be made fromymaterials that comply with the flammability class for HB materials, or be
C 60950- 1.

Lich an

period

ngress

in any

[ter, as

9 Referenpe drive

9.1 General

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

9.2 Measur

ement conditions

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

16
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9.3 Optical system

The basic set-up of the optical system of the Reference drive used for measuring specified write and read
parameters is shown in Figure 7. Different components and locations of components are permitted, provided
that the performance remains the same as that of the set-up in Figure 7.

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.

li=la+1lp HF read channel

Radial PP.read channg|l

lo=1lc+ld
| I
2 /\ b la|lb|lc|ld
— ' I Quadrant
Tangential \/ | ; | photodetector
track la le ]
direction !
:A
|
i
W"'*""5*“""*""*** Disk
Laser Collimator Polarizing SA A 14 Objective
diode lens beam splitter corrector plate lens

Figure 7 — Optical system of Reference drive

A polagizing beam splitter and a quarter-wavelength plate shall be used to separate the entrarjce light beam,
coming from the laserdiode and light beam reflected by the optical disk going toward the photiodetector. The
light bdam transmitted through the splitter shall have a p:s intensity ratio of at least 100:1.

The optical-beam shall be compensated for Spherical Aberrations (SA) such that these dberrations are
minimiEed for the thickness of the Transmission Stack of the Recording Layer on which the beam is focused
at the radi i

During measurements on one layer of a Dual-Layer disk, light reflected from the other layer can influence the
measurements on the layer under investigation. To cope with these effects, the photodetector shall have
limited dimensions. Its length and width shall be smaller than M x 5 ym, where M is the transversal optical
magnification from the disk to its conjugate plane near the quadrant photodetector.
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9.4 Optical

beam

The focused optical beam used for writing and reading data shall have the properties listed below.

— Wavelength(A) of the laser beam : (405 = 5) nm.
— Polarization : circular.
— NA: 0,85 + 0,01.

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

Maximum
(after corr

Maximum

10

Normalize
(where S'i

Read pow
SL di
DL di

Write pow

9.5 HF read

The HF read g
generated by
currents are n
Spaces.

In the frequen
amplitude resp
in the frequeng

For measurem
specified in An

In the tangential direction: (60 £ 5) %.

In the radial direction: (65 £ 5) %.
wave-front aberration at the Recording Layer(s) : 0,033 x A rms.
bction of tilt and spherical aberrations)

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

ac light power density /Hz

log .
dc light power

d detector size :
S the total surface of the quadrant photodetector.)

S/ M?< 25 pum2.

er for disk testing (average) :

5k (0,35 +£0,1) mW.

SK: (0,70 £ 0,1) mW.

er and pulse shape: see 29.4.2 and Annex
channel

hannel is provided to supply a signal from which the User Data can be retrieved. This s
summing the currents from all-four elements of the photodetector (la + Ip + Ic + lg).

y range from dc to~22 MHz, the HF read channel including the photodetectors shall hav
onse within + 1,0 dB relative to its dc gain. The group delay variation shall be maximum
y range from 3\MHz to 22 MHz.

ent of jitter, the characteristics of the signal processing, the data slicer and the PLL, &
nex H.

gnal is
These

odulated by the user-written-information due to the difference in reflectivity of the Marks and

e a flat
P NS pp

tc. are

9.6 Radial

The radial PP read channel provides the tracking-error signal to control the servo for radial tracking of the
optical beam. It also provides a wobble signal from which the information modulated on the Grooves can be

retrieved.

The radial tracking error is generated as a signal [(la + Ib) — (Ic + l4)] related to the difference in the amount of

light in the two

halves of the exit pupil of the objective lens.

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

18
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9.7 Disk Clamping

While its parameters are being measured, the disk shall be clamped between two concentric rings covering
most of the Clamping Zone (see 10.6). The top Clamping Area shall have the same inner and outer diameters
as the bottom Clamping Area (Figure 8).

Clamping shall occur between di, = (23,5+0,5) mm and dout = (32,5+0,5) mm..

The total clamping force shall be 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 F»,, 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 8)

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

/N Fi

g )

F2

Figure 8~— Clamping conditions for measurement

9.8 Rotation of disk and Measurement Velocity
The dinection of rotation shall be counter-clockwise as viewed from the objective lens.

All spdcifications<are based on a tangential speed during reading that is equal to the Refefence Velocity,
unless [otherwise specified. This corresponds to a Constant Linear Velocity of 4,917 m/s.
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9.9 Normal

ized servo transfer function

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

H N (Ia)) =
where

w =2

wo =2

Wint = 21T

2 =-1;

K =ord
fo is the 0 dB
lag network of
— lead break
— lag break

The term (1+-

function is ug
frequencies eq

Also, fint is the
Another frequg

equal to the
acceleration, d

1
fy=—
o

Because the tfacking-efrar signals from the disk can have rather large variations, the tracking-error sig

into each Refq

3xiw
L 2 1+ K
0] )
Ex[_o X '0 x|1+ .1nt]
1) 1+ 10} i
3xay
X f:
x fo;
X fint;
br of integrator.
rossover frequency of the open-loop transfer function. The crossover frequencies of th
the servo are given by the following:
frequency: fi=1/3;
requency: fo =fo x 3.

Wint
iw

ed to further reduce low-frequency components, especially those due to deviation
ual to the rotational frequency of the disk orits harmonics.

j in the formula above represents an integrator function. Such an integrator or equ

crossover frequency of the integrate function.

bncy of importance is the freguency fx at which a sinusoidal displacement with an am
maximum allowed residual-tracking error, emax, corresponds to the maximum ex
max. This frequency can be_calculated as follows.

7m ax

2}
Fmax

which guarantTes the' specified bandwidth.

rencesservo loop shall be adjusted to a fixed level (effectively calibrating the total looy

e lead-

ivalent

s with

plitude
pected

nal fed
gain),

9.10 Measur

ement Velocities and Reference servos for axial tracking

9.10.1 General

The applicable Reference servo and conditions for measuring residual axial errors depend on the
Measurement Velocity of the disk under testing the following:

a Reference servo for 2x disks to be measured at 1x Measurement Velocity (see 9.10.2);
a Reference servo for 4x disks and for 6x disks at radii up to 36 mm to be measured at 2x Measurement

Velocity (see 9.10.3);

(see 9.10.3).

20

© ISO/IEC 2016 — All rights

a Reference servo for 6x disks at radii 36 mm and higher to be measured at 3x Measurement Velocity

reserved


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

The servo for all conditions has the same basic characteristics, however with a modified integrator.
9.10.2 Reference servo for axial tracking for 1x Measurement Velocity

Regarding the open-loop transfer function H(f) of the Reference servo for axial tracking, |1+H(f)| is shown
schematically by the shaded area in Figure 9:

gain (dB)

100
97,0

80
77,0

546 t----mmmoofem - L
52,9 F----------p----- rooo-
40 :
20
0 E
1 10 36 100 1x103 10 x10® 100 x10°
frequency (Hz)

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

The crpssover frequency fo of Hy (f){see 9.9) used to define the limits of |1+H(f], is specified Ry the following

fomulal Here, amax = 6,0 m/s? is(the'maximum expected axial acceleration due to local disturbances and amax
is multjplied by a factor m = 1,25 for servo margin. The tracking error emax, caused by this m ¥ amax, shall be
55 nm|Thus, the 0 dB crossaover frequency shall be:

ot [BMXGha 1 3xA25x60 55,
2m Shnax 2mY 55x10

The integrator'shall be first order (K = 1) with the crossover frequency of fi,: = 100 Hz.

-1l + 10 lcl 1=
VITIZ (U LU NTTZ.

In the treguencyrange16
0,9 x |1+Hy ()] = |1+H(F)| < 11x |1+ Hy (F)]
In the frequency range 36 Hz to 100 Hz:
09 x| 1+ Hy(f)] < | 1+ H(F) < 21 | 1+ Hy )| x(fifﬂ]‘km
In the frequency range up to 36 Hz:

77,0dB < |1+H(f)| < 97,0dB
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1 |a 1
The frequency, fx, has the following value: f, =— &% = — 6,0 ~ 1,6 kHz
21 € hax 2m 4| 55%10°
9.10.3 Reference servo for axial tracking for 2x Measurement Velocity and 3x Measurement Velocity

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

gain (dB)

100
97,0

77,0

60

45,7
44,0

20

1x10® 10 x10® 100 x10%
frequency (Hz)

Figure 10 — Bervo characteristics for axial tracking at 2x Measurement Velocity and 3x Measur¢ment
Velocity

The 0dB crogsover frequency, fo;ushall be 3,2 kHz, the same as the measurement condition for |the 1x
Measurement Velocity.

For the maximpm residual tracking error of 80 nm (see 11.4.3), this corresponds to an acceleration of
3
(21 xf, P _ lemx 3,§><10 < 80x10~° = 108 m/s?

For the maximpm residual tracking error of 110 nm (see 11.4.4), this corresponds to an acceleration of

[ 20
= lM%L x 110x107° = 14,8 m/s?

amax 3 X emax

(2 X 1o )7
Qmax = 3 X €ma

The integrator shall be second order (K = 2) with the crossover frequency of fi, = 200 Hz.

In the frequency range 200 Hz to 10 kHz:
0,9 x| L+Hy ()] <[ 1+H(F)| <11 x| 1+Hy(f)|
In the frequency range 66,5 Hz to 200 Hz:

5,36
09 x |12 y(F)] < [1eH0)| < 1 14|

In the frequency range up to 66,5 Hz:
|1+H(f)| = 77.0dB

22 © ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

9.11 Measurement Velocities and Reference servos for radial tracking

9.11.1 General

The applicable Reference servo and conditions for measuring residual radial errors depend on the following
Measurement Velocity of the disk under testing:

— a Reference servo for 2x disks to be measured at 1x Measurement Velocity (see 9.11.2);
— a Reference servo for 4x disks and for 6x disks at radii up to 36 mm to be measured at 2x Measurement
Velocity (see 9.11.3);

— a Reference servo for 6x disks at radii 36 mm and higher to be measured at 3x Measurement Velocity
(an 911 ’2)

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

9.11.2 |Reference servo for radial tracking for 1x Measurement Velocity

For the open-loop transfer function H(f) of the Reference servo for radial -tracking, |1+I—(f)| is shown
schematically by the shaded area in Figure 11:

gain (dB)

100
99,0 i '

[SA R !\

:5
56,6 F-—————-—--fador-
54,9w-~;ﬂ\
. E AN
20 i

1 10 36 100 1x10°3 10 x10® 100 x103

fracuianeyv (E12)
H HEYT1£}

Figure 11 — Servo characteristics for radial tracking at 1x Measurement Velocity

The crossover frequency fo of Hy (f) (see 9.9), which is used to define the limits of |1+H(f)| , Is specified by

the following fomula. Here, 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:

f =t /M 1 /M _36kHz
2m €max 2m 16 x10

The integrator shall be first order with crossover frequency of fi,: = 100 Hz.
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In the frequency range 100 Hz to 10 kHz:

09 x| 1+Hy(f)] < |1+H(f)] < 21 x |1+ Hy(f)|
In the frequency range 36 Hz to 100 Hz:

f 4,78
09 x [1+Hy(f)| <|1+H(F )] < 21x |1+ Hy(f )| % [';“J

In the frequency range up to 36 Hz:

79,0dB < |[1+H(f)| < 99,0dB

. 1 |a 1 2,2
The frequency fy has the following value: f, =— [—™& - _—_ " _ ~18 kHz.
g Y g ¥ 2m\eq, 21 \I 16x10~° L

9.11.3 Referepce servo for radial tracking for 2x Measurement Velocity and 3x Measureme%'\‘elacity

For the open{loop transfer function H(f) of the Reference servo for radial tracking, |@9l(f | is [shown
schematically by the shaded area in Figure 12:

O
gain (dB) \\<</

100
99,0

79,0

60

47,7
46,0

20

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

Figure 12 — >e Qﬁaracterlstlcs for radial tracking at 2x Measurement Velocity and 3x Measurgment
Velocity

The 0dB crossover frequency, fo, shall be 3,6 kHz, the same as the measurement condition for the 1x
Measurement Velocity. For the maximum residual tracking error of 20 nm (see 11.5.4), this corresponds to an

3
acceleration of ap,,, =M X €nax = 21> 3’§X1O x 20x107° = 3,4 m/s?
The integrator shall be second order (K = 2) with the crossover frequency of fi, = 200 Hz.

In the frequency range 200 Hz to 10 kHz:
09 x| L+Hy(F)] < |1+H(f)] < 21 x| 1+ Hy(f)|
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In the frequency range 66,5 Hz to 200 Hz:

5,36
09 x| yF)] < [1eH()] < 10 1+ )] 2
In the frequency range up to 66,5 Hz:

|1+H(f)] > 79,0dB

10 Dimensional characteristics

10.1 General

Dimensional characteristics are specified for those parameters deemed mandatory for inlerchange and
compalible use of the disk. Where there is freedom of design, only the functional characferistics of the
elements described are indicated. Figure 13 shows the dimensional requirements in summar|zed form. The
differemt parts of the disk are described from the centre hole to the outside Rim.

First Second
transition Area transition Area
Clamping Rim
Centre Zone . Area
| hole | Infermation Area

|

/

/
/

/

Figure 13 — Overview of disk dimensions

10.2 Disk reference planes and reference axis

For Digk reference planes, see also Figure 14 and Figure 15.

The Disk reference plane P IS the plane determined by the surface of the Clamping Zone (see 10.6) at the
read-out side of the disk.

The Disk reference plane Q is the plane determined by the surface of the Clamping Zone at the Substrate side
of the disk.

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

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

reference plane R and Disk reference plane P shall be e4 = (100 + 25) ym towards the inside of the disk (see
Figure 14 and 15).
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The Disk reference plane R shall intersect with Recording Layer LO at Layer LO's average position between
radius ra = 23 mm and radius r, = 24 mm (Layer LO is the only Recording Layer on an SL disk or the deepest
Recording Layer on a DL disk).

Detail of smooth transition

T

Clamping Zone

|
i
i
i
| . .
i ds Information Area Rime Area
i
; d
| 7
L/
! <
I =
| —k e — AL
i
: < @ I}
i
i
| < .
i
i
! &
|
| /.
|Cover Layer
| Entrance surface

Detail of the ¢dge of

Centre hole Detail of the P!rotectlon ring

(e

.LH

kigure 14 — Details of disk dimensions
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Centre hole

i Iy Recording layer LO

i r, Substrate

4=
ey
—rt

Cover Layer

| Turntable

Figure 15 — Details of Disk reference planes P and R and Recording:Layer L

10.3 Qverall dimensions

The overall outer diameter of the disk shall be d; = (120,0 + 0,3) mm (see Figure 13).

The digmeter of the centre hole shall be d, = 15,00 '35 mm (see Figlire-13).

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

The edge of the centre hole at the read-out side is the reference for centering the disk and sh
off or ¢hamfered. The rounding radius shall be maximum re = 0,1 mm. The height of the ch
maximpm 0,1 mm above the bottom surface of the First transition Area. The rounding or ch
maximpm h; = 0,25 mm from Disk reference plane P-(see detail in Figure 14).

ximum thickness of the disk is defined;,as the distance in the direction of the reference &
ighest structure protruding from the<Entrance surface of the disk and the highest struc
top surface of the disk.

inimum thickness ofthe disk in the Information Area shall be e, = 0,90 mm.

Outsid¢ the Clamping-Zone, the top surface may be inside the Disk reference plane Q
h, = 0,4 mm.

Outsid¢ the-€lamping Zone, the top surface may be outside the Disk reference plane Q
hs = 0,1 mm-(see Figure 14).

(=)

all be rounded
amfer shall be
amfer shall be

1Xis A between
ure protruding

printing at any

by maximum

by maximum

10.4 First transition Area

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

and Q, respectively (see Figure 13 and 14).
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10.5 Protection ring

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

When applied, the Protection ring shall be located between diameter d; =17,5mm and diameter
ds = 21,0 mm. Between ds and diameter d» = 20,5 mm, the height of the Protection ring shall be maximum
hs = 0,12 mm above the clamping surface .

Between ds and ds, the height of the Protection ring shall sink gradually to the surrounding surface (see Figure
14).

10.6 Clampiphg Zone
The inner diameter of the disk Clamping Zone shall be ds < 23,0 mm.
The outer dianjeter of the disk Clamping Zone shall be d; = 33,0 mm (see Figure 13).

+0,10

The thickness -0,05

pf the disk within the Clamping Zone shall be e3 = 1,20 mm (see Figure 14).

Within the Cla
Within the Cla

ping Zone (ds < d < dv), both sides of the disk shall be flat within_maximum 0,1 mm.
ping Zone (ds < d < dy), both sides of the disk shall be paraliel.within maximum 0,1 mm.

10.7 Second transition Area

The Second transition Area is an area between the Clamping Zone'and the Information Area: d; < d < ¢
Figure 13).

9. (See

In the area, the
he = 0,12 mnj
h]_o = 0,01 mm

In the area, the
The step from

between the s
surface of the

b surface at the read-out side of the disk may be inside the Disk reference plane P by m3
. This surface may be outside the Entrance surface in the Information Area by ma
(see Figure 14).

top surface of the disk may be outside the Disk reference plane Q by maximum hi; =0,
the top surface in the area to the top surface in the Information Area is his. The d

tart and the end diameters of the step is l1. If hig > 0,2 mm, then the slope down to
nformation Area shall:\be smooth and I; > 1,8 mm as indicated in Figure 14. If the top su

IXimum
Ximum

P mm.
stance

he top
face in

the Informatio
end within diar

Area is stepped ‘down from the top surface in the Second transition Area, then the ste
neter ds = 40,0 mm.

p shall

10.8 Information Aréa

10.8.1 General

The Information Area shall extend from diameter dg = 42 mm to diameter dio = 117 mm (see Figure 13 and
16).

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

The inner diameter dpz on Recording Layer Ln shall be dDz|n=48,O?’§2mm, and the outer diameter dpzo on

<116,2 mm.

Recording Layer Ln shall be dpzon

The area between dg and dpz is called the Inner Zone, and the area between dpzo and dio is called the Outer
Zone (see Figure 16).

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

Inner Zone Quter Zong
< Information Zone

|

1

i

I

i

: Lead-in Data Zone Lead-out

| (Lead-out) (Outer)
/ I do
y; | dpz

| dozo
Z— dmo
/—

Figure 16 — Division of Information Area

10.8.2 |Subdivision of Information Zone on SL disks
The Information Area is used to record the Information Zone.

The Information Zone is subdivided into the following main parts (see Kigure 17):
— allead-in Zone (part of the Inner Zone);

— albata Zone;

— allead-out Zone (Outer Zone).

Substrate
Recording d-i Q)\ Lead-out Zone
Layer Lead-in Zone R Data Zone

E—

spiral direction

Cover Layer

innef side ’Optical outer side
of disk beam of disk

Figure 17 — Subdivision of Information Zone on SL disk

The Ldad-in Zone starts in the area extending from diameter 44,0 mm to diameter 44,4 mm apd shall end at
the beginning-ef the Data Zone at diameter dpz.

The L¢ad-out Zone shall start at the end of the Data Zone at diameter dpzo and shall end at diameter
minimum 117 mm.

10.8.3 Subdivision of Information Zone on DL disks
The Information Area is used to record the Information Zone, divided over the two Recording Layers.
The Information Zone is subdivided into the following main parts (see Figure 18):
— on Recording Layer LO:
— aLead-in Zone (part of the Inner Zone 0);

— aData Zone 0;
— aOuter Zone O;

© ISO/IEC 2016 — Al rights reserved 29


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

a Dat

on Recording Layer L1:
a Outer Zone 1,

a Zone 1,

a Lead-out Zone (part of the Inner Zone 1).

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

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

Substrate

Recording
=)

|

i
|

The Lead-in Z
the beginning

The Outer Zo

$pacer Layer

Data Zone O OQuter Zone 0

—
spiral direction

U et
[

ayer LO Lead-in Zone

Recording

ayer L1 Outer Zaone'\L

Lead-out Zone

Cover Layer spiral direction

outer side
of disk

inner side
of disk

Optical
beam

Figure 18 — Subdivision of Information Zone-on DL disk

bne starts in the area extending from diameter 44,0.mm’ to diameter 44,4 mm and shall
bf the Data Zone 0 at diameter dpz.

e 0 shall start at the end of the Data Zone 0 at diameter dpzoo and shall end at di

minimum 117 mm.

The Outer Zon
diameter dpzo4]

The Lead-out
extending fron

10.9 Rim Ar

The Rim Area
the disk (see H

In the first 0,5
Entrance surfa

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

Zone shall start at the end ,of~the Data Zone 1 at diameter dpz:1 and shall end in th
diameter 44,0 mm to diameter 44,4 mm.

a¥

a

is the area outside the Information Area, starting at dio and extending to the outer dian
igure 13).

mm of\the Rim Area, the surface at the read-out side of the disk shall not be outs
ce in the Information Area.

end at

ameter

he 1 at

e area

eter of

de the

In the remaind
surface in the |

ot . - : - oo T I et
nformation Area by maximum hiz = 0,05 mm.

1trance

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 14).

In the Rim Area, the top surface of the disk shall not be outside the top surface in the Information Area by
maximum his = 0,05 mm (see Figure 14).
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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?2.

11.3 Dynamic imbalance

The dy
11.4 A

1141

When

a scan
referen
mm oV

Within
directid

At the
about 4

Due tg
sufficig
local d

11.4.2

The re
measu
(displa
Layer)

Spikes
exclud

hamic imbalance of the disk shall be <2,5 g-mm.
\xial runout

General

measured by an optical system using the Reference servo for axial'tracking and with the
ning velocity of 4,917 m/s (for all capacities), the distance betwéen' each Recording Laye
ce plane R (see Figure 14 and 15) in the direction of the refefence axis A shall be max|
er the entire disk.

one Track (one revolution), the deviation of each_Recording Layer from its average
n of the reference axis A shall be maximum 0,1 mn¥

nner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds to a maximum
|6 m/s?, based upon a sinusoidal deviationat-the rotational frequency of the disk.

the integrator function in the Reference servo (see 9.10), this component will K
ntly such that the residual tracking-errors, as defined in 11.4.2 ,11.4.3 and 11.4.4, are
sturbances.

Residual axial trackingeerror for 1x Measurement Velocity

sidual axial tracking.error of each Recording Layer for frequencies below 1,6 kHz (= f
red using the Reference servo for axial tracking as specified in 9.10.2, shall be m4g
cement of the, objéctive lens needed to move the focal point of the optical beam onto
with the disksratating at 1xVier.

in the residual axial tracking-error signal due to local defects, such as dust and scra
bd.

The mé

disk rotating at
r and the Disk
mum h12= 0,3

position in the

acceleration of

e suppressed
mainly due to

i, see 9.10.2),
ximum 45 nm
the Recording

ches, shall be

This means that for frequencies <1,6 kHz the maximum local acceleration of the Recording Layer in the
direction of the reference axis A will not exceed 6,0 m/s2.

The rms-noise value of the residual error signal in the frequency band from 1,6 kHz to 10 kHz, measured with
an integration time of 20 ms and using the Reference servo for axial tracking, shall be maximum 32 nm. The
measuring filter shall be a Butterworth BPF from f_zgg = 1,6 kHz with slope = +60 dB/decade to f_zqg = 10 kHz
with slope = —60 dB/decade.
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11.4.3 Residual axial tracking error for 2x Measurement Velocity

The residual axial tracking error of each Recording Layer for frequencies below 3,2 kHz, measured using the
Reference servo for axial tracking as specified in 9.10.2, shall be maximum 80 nm. (displacement of the
objective lens needed to move the focal point of the optical beam onto the Recording Layer) with the disk
rotating at 2xVyer.

Spikes in the residual axial tracking-error signal due to local defects, such as dust and scratches, shall be
excluded. For 2x Measurement Velocity, local defects that cause large axial tracking errors shall be taken into
account as described in Annex |.

The measuring filter shall be a Butterworth LPF with f_3qg = 3,2 kHz and slope = —60 dB/decade.

This means that for frequencies <3,2 kHz the maximum local acceleration of the Recording Layef| in the
direction of the reference axis A will not exceed 10,8 m/s? (see 9.10.3). However, due to the adfitional
reduction of loy-frequency components by the second order integrator function, the maximum.acceleration at
frequencies bglow about 400 Hz can reach values up to 45 m/s?.

The rms-noise|value of the residual error signal in the frequency band from 3,2 kHz to 20 kHz, measurgd with
an integration fime of 10 ms and using the Reference servo for axial tracking, shall\bé maximum 32 nm. The
measuring filtgr shall be a Butterworth BPF from f_sqg = 3,2 kHz with slope = +60-dB/decade to f_3qs = RO kHz
with slope = -0 dB/decade.

11.4.4 Residdal axial tracking error for 3x Measurement Velocity

The residual akial tracking error of each Recording Layer for frequencies below 4,8 kHz, measured uging the
Reference seryo for axial tracking as specified in 9.10.3, shall be

a) maximum|80 nm (displacement of the objective lens needed to move the focal point of the optical beam
onto the Recording Layer) with the disk rotating at 3x\/res, or

b) maximum|110 nm (displacement of the objective’lens needed to move the focal point of the opticgl beam
onto the Recording Layer) with the disk rotating at 3xV, if the jitter performance at +/— 10 %| power
window mgets the requirements.

Spikes in the fesidual axial tracking-errorssignal due to local defects, such as dust and scratches, shall be
excluded. For Bx Measurement Velocity, local defects that cause large axial tracking errors shall be taken into
account as degcribed in Annex |.

The measuring filter shall be a'Butterworth LPF with f_3qg = 4,8 kHz and slope = —60 dB/decade.

This means that for frequencies <4,8 kHz the maximum local acceleration of the Recording Layer in the
direction of the reference axis A will not exceed 14,8 m/s? (see 9.10.3). However, due to the adgitional
reduction of lop-frequency components by the second order integrator function, the maximum acceleration at
frequencies below about 400 Hz can reach values up to 45 m/s?.

The rms-noise value of the residual error signal in the frequency band from 4,8 kHz to 30 kHz, measured with
an integration time of 10 ms and using the Reference servo for axial tracking, shall be maximum 32 nm. The
measuring filter shall be a Butterworth BPF, from f_3qs = 4,8 kHz with slope = +60 dB/decade, to f_3qs = 30 kHz
with slope = —-60 dB/decade.
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11.5 Radial runout

11.5.1 General

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

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

scanning velocity of 4,917 m/s (for all capacities).

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

At the acceleration of

about ]

nner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds to a maximum
,7 m/s?, based upon a sinusoidal deviation at the rotational frequency of the disk.

e suppressed
are mainly due

Due tg
sufficie
to loca

the integrator function in the Reference servo (see 9.11), this companent will K
ntly such that the residual tracking errors as defined in 11.5.2, 11.5.3,11.5.4"and 11.5.5
disturbances.

The re
measu

sidual tracking error shall be determined by applying the radial PR¥€ad channel (1. — I2)[signal for both

Fement and radial servo control purposes as indicated in Figure -

11.5.2 |Residual radial tracking error for 1x Measurement Velo€ity on SL disks

The rgsidual radial tracking error for frequencies below_ 4,8 'kHz (= fx, see 9.11.2), measyred using the

Reference servo for radial tracking as specified in 9.11.2¢ shall be maximum 9 nm with the dlisk rotating at
1xVref.

Spikes|in the residual radial tracking-error signaldue to local defects, such as dust and scrajches, shall be
excluded.

The me¢asuring filter shall be a Butterworth-LPF with f_34s = 1,8 kHz and slope = —60 dB/decade

This means that for frequencies <1,8tkHz the maximum local acceleration of the tracks in the fadial direction
will notlexceed 1,5 m/s?.

The rns-noise value of the_residual error signal in the frequency band from 1,8 kHz to 10 kHz, measured with
an intepration time of 20 ms and using the Reference servo for radial tracking, shall be maximum 6,4 nm. The

measu

ring filter shall bé a Butterworth BPF from f_zss = 1,8 kHz with slope = +60 dB/decade to

f_3d3 =10 kHz

with slgpe = —60 dB/decade.

11.5.3|Residual-radial tracking error for 1x Measurement Velocity on DL disks
The re
measu
the disk rotating at 1 x Vier.

x, see 9.11.2),
um 13 nm with

sidual radial tracking error in each Recording Layer for frequencies below 1,8 kHz (= f

ad ucina tha Dafaranca caryn for radial traclana ac cnacifind 10 Q 11 2 chall ha mav i
oSyt e T eTrer e eSSty oottt ettt o—Sp e cme oo S STt e oot

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_s4s = 1,8 kHz and slope = —-60 dB/decade. This means
that for frequencies <1,8 kHz the maximum acceleration of the tracks in the radial direction will not exceed
2,2 m/s?.

The rms-noise value of the residual error signal in the frequency band from 1,8 kHz to 10 kHz, measured with
an integration time of 20 ms and using the Reference servo for radial tracking, shall be maximum 9,2 nm. The
measuring filter shall be a Butterworth BPF from f_zqg = 1,8 kHz with slope = +60 dB/decade to f_3qs = 10 kHz
with slope = —-60 dB/decade.
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11.5.4 Residual radial tracking error for 2x Measurement Velocity on SL and DL disks

The residual radial tracking error in each Recording Layer for frequencies below 3,6 kHz, measured using the
Reference servo for radial tracking as specified in 9.11.3, shall be maximum 20 nm with the disk rotating at

2XVef.

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 = 3,6 kHz and slope = —60 dB/decade.

This means that for frequencies <3,6 kHz the maximum local acceleration in the radial direction will not

exceed 3,4 m
second order
values up to 11

The rms-noise
an integration

measuring filtg
with slope = —§

11.5.5 Residy

5< (see 9.11.3). However, due to the additional reduction of low-frequency components
ntegrator function the maximum acceleration at frequencies below about 400 Hzicaf
m/s2.

value of the residual error signal in the frequency band from 3,6 kHz to 20 kHz, measur
ime of 10 ms and using the Reference servo for radial tracking, shall be miaximum 9,2 n
r shall be a Butterworth BPF from f_sqg = 3,6 kHz with slope = +60 dB/decade to f_zqs =
0 dB/decade.

al radial tracking error for 3x Measurement Velocity on Slk-and DL disks

The residual radial tracking error in each Recording Layer at frequenciesbelow 3,6 kHz, measured ug

Reference ser
3%XViet.

Spikes in the
excluded.

The measuring

This means th
exceed 3,4 m
second order
values up to 11

The rms-noise
an integration

measuring filte
with slope =

11.6 Durabil

11.6.1 Impact

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

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

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

52 (see 9.11.3). However, due, to.the additional reduction of low-frequency components
ntegrator function, the maximum acceleration at frequencies below about 400 Hz car
m/s2.

value of the residual.error signal in the frequency band from 3,6 kHz to 30 kHz, measur
ime of 10 ms and(using the Reference servo for radial tracking, shall be maximum 9,2 n

r shall be a Butterworth BPF from f_zqe = 3,6 kHz with slope = +60 dB/decade to f_zqs =
0 dB/decade;

jty of<Cover Layer

resistance of Cover Layer

by the
reach

ed with
m. The
P0 kHz

ing the

Vo for radial tracking as specified in 9.11.3, shall be maximum 20 nm with the disk rotating at

hall be

will not
by the
reach

ed with
m. The
30 kHz

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

11.6.2 Scratch

resistance of Cover Layer

To prevent excessive scratching, the surface of the disk shall have a minimum hardness. The scratch

resistance shal

34

Il be tested by the procedure described in Annex C.

© ISO/IEC 2016 — All rights

reserved


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

11.6.3 Repulsion of fingerprints by Cover Layer

To prevent excessive contamination, the surface of the disk should repel grime as much as
repulsion of grime shall be tested by the 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.

possible. The

These ppecifications of the Transmission Stacks (TS) include all possible layers on top of theR
concerped (such as e.g. gluing layers in case of foils, the Spacer Layer and the semi-transpa
Layer ¢f Layer L1 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 indices, then the-procedure descril;
shall b¢ 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)

12.3.1|Thickness of Transmission Stack of SL disks

The avierage thickness between radius ra and radius“y is called the Reference Thickness of thg
Stack (TS) on the disk. (see 10.2 and Figure 15).

The thickness of the TS, measured over the,whole disk, shall fulfill the following two requiremen

a) the thickness of TS as determined by its refractive index shall be within the upper shaded

b) the maximum deviatien\AD of the thickness of the TS from the Reference Thickness
requirement |[AD | £.2,0 pm.

12.3.2 |Thickness-of<Transmission Stacks of DL disks

The ayerage-thickness between radius ra and radius rp is called the Reference Thickness
Transnpission)Stack (TS0 or TS1) on the disk.

ecording Layer
rent Recording

ed in Annex A

2 Transmission

ts:

area in Figure
nd the dashed

shall meet the

of the related

The thiCkKness o , measured over ISK, Shall Tulfill the Tollowing four requ

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

irements:

shall be within

the upper shaded area in Figure 19 (In case of a refractive index of 1,6 the thickness shall be between 95
pm and 105 ym, and the dashed line indicates the nominal thickness as a function 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 lower shaded area in Figure 19 (In case of a refractive index of 1,6 the thickness shall be between 70
pm and 80 um, and the dashed line indicates the nominal thickness as a function of the refractive index);

c) the thickness of Spacer Layer shall be between 20 ym and 30 ym;

d) the maximum deviation AD of the thicknesses of TSO and TS1 from their respect
Thicknesses shall meet the requirement |AD | <2,0 ym.
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Thickness of the Transmission Stack (um)
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Figure 19 — Thickness of Transmission Stacks as function of reflective index
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12.4 Reflectivity

1241

Reflectivity of Recording Layer of SL disks

The reflectivity of the Recording Layer in the Information Zone, including transmission through the Cover
Layer, shall fulfill the following requirements under the measurement conditions of Annex B:

in Unrecorded Virgin Groove: Rgv =12 % to 24 %;
in Recorded Groove:
for HTL disks: Rgn = 11 % to 24 %;
for CTHOsKS: Req = 16 9% 10 35 9%,

— atleach location on the disk:

Written
have a

12.4.2

for HTL disks: 0,75 X Rg.v < Rgn < 1,25 x"Rg.v;
for LTH disks: 0,75 X Rg.v < RaL < 1325 % Rg.v.

Marks shall have a lower reflectivity than the Unrecorded Layer for. HPL disks. Writt
higher reflectivity than the Unrecorded Layer for LTH disks.

Reflectivity of Recording Layers of DL disks

The reflectivity of the Recording Layer in the Information Zon€,)including transmission thro
Layer, shall fulfill the following requirements under the measurement conditions of Annex B:

— inJnrecorded Virgin Grooves: Rgv =4 % to 8 %;

— in[Recorded Grooves: Rsn = 3,5 % to 8 %;

— atleach location on the disk: 0,75 X Rg.v < Rgn < 1,25 % Rg.y.
Writter] Marks shall have a lower reflectivity than the Unrecorded Layer.

12.5 Birefringence

The in-

The pe

plane birefringence ofithe Transmission Stacks shall be (see Annex J) An, <1,5x 10,

rpendicular birefringence of the Transmission Stacks shall be (see Annex J) An | <1,2

en Marks shall

igh the Cover

1073
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12.6 Angular deviation
The angular deviation is the angle, a, between a parallel incident beam, perpendicular to the Disk reference

plane P, and the reflected beam. The incident beam shall have a diameter in the range 0,3 mm to 1,0 mm.
The angle, a, includes deflections of the Entrance surface and lack of parallelism of the Cover Layer and/or

Spacer Layer (see Figure 20).
Coverlayer ﬁ

Recording Layer

Substrate

Read-out
Surface

é 0 \4\ Reflected beam
X

NV, -
Incident beam

Figure 20 — Definition of arigular deviation

The requirements for the angle, a, shall be the following:

— in the radipl direction:
— undef the normal test conditions specified’in 8.1.1: |almax. = 0,60°;

— undef the “sudden change” test copditions specified in 8.1.1: |almax. = 0,70°;

— in the tangential direction:
— under the normal test conditions specified in 8.1.1: |almax. = 0,30°.
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13 Data Format

13.1 General

The data received from the source (application or host), called User Data Frames, are formatted in a number
of steps before being recorded on the disk (see Figure 21).

User Data User-Control Data
32 Sectors
32 frames 32 units
X2 048 bytes x 18 bytes
\
Data Frame
32 frames

x (2 048 bytes Data

+ 4 bytes EDC)

y

Scrambled Data || Phys.-Sector Number

Frame
32 frames Addr.-Unit Number
x 2 052 bytes 16 addresses
x 9 bytes
y / y
Data Block Access Block
304 columns 24 columns
216 rows 30rows
/ v
LDC Block BIS Block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity 32 rows parity
Y /
LDC Cluster BIS Cluster
152 columns 3 columns
496 rows 496 rows
[ /A I
\ [4 X y X y X
LDC BIS LDC BIS LDC BIS 496 rows divided in
16 Address Units
38col. [1coll] 38col. [1col] 38col. |[1col] 38col of 31 rows each
ECC Cluster
(155 columns)
Frame dc dc dc 496
sync | datal o data | contr data | congr Recording
20 25 1 45 1 45 1 Frames

Physical Cluster
(1 932 channelbits

=1 288 data hits)

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

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

The address and Control Data, added by the BD Recordable system, are transferred successively into

an Access Block, a BIS Block, and a BIS Cluster.

The LDC Cluster and the BIS Cluster are multiplexed and modulated into

an ECCC

a Physical

luster, subdivided into 16 Address Units, and

Cluster, consisting of 496 Recording Frames.

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

with 2 048 byt

First the d
Reed-Solq
efficiency,

Secondly,
(62,30,33
purposes
burst erro

The combinati
All the data is

after row, and
Synchronizatig

The Error-Cortection Codes are applied in the vertical direction, which gives a good basic break-up q

errors on the d

il Dok = ol p=| + + PO " e 1 H
o UI'USTT Udld. TTIToT CUIUSITTS Al PIutltllTcU Uy (WU TITUT CUTTTUUUTTTTIICUHartisims.

ata is protected by a Long Distance (LDC) Error-Correction Code, consisting of.(248,3
mon (RS) code-words. This code has ample parities and interleaving length with a/good
and can correct both random errors and burst errors.

the data is multiplexed with a powerful Burst-Indicating Subcode (BIS), which con
Reed-Solomon (RS) code-words. These BIS code-words carry \addresses for all
and Control Information belonging to the User Data. They can also’be used to indica
s, by means of which the LDC can efficiently perform erasure corrections.

bn of these two codes is called an “LDC + BIS Code” (see Figure 22).
hrranged in an array as indicated in Figure 22. This afray is read in the horizontal directi

recorded on the disk after insertion of additional ‘dc-control bits, modulation, and inse
n patterns.

sk. Additionally, the LDC code-words have*been interleaved in a diagonal direction.

16,33)
overall

ists of
bcation
te long

bNn, row
rtion of

f burst

38 1 38 1 38 1 38
Syn( bytes byte hytes byte bytes byte bytes
T Do ........ D37 Bo Dsg ...... D75 B]_ D76 D113 Bz D114 D151 T
Dis2 .... D1so Bs D190 cevvvvrenes
Address | 31
Unit O [ rgqws
’
data stream
496 7 7 7 7 7
rows on disk
T
Address | 31
Unit 14 | rows
J
T
Address | 31
Unit 15 | rows
~L ....... D75 391 J,
Figure 22 — Schematic representation of Physical Cluster on disk
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Address Units, Physical Sectors and Logical Sectors

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

Physical Sectors
A Data Frame accompanied by it's 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 AUNSs.

Logics
Not all
and O
Logica

13.2 1

A Datal
The 2
23).

13.3 H

The 4-
Data. (
Data b

b1e 415 4nd the-Isb will be bo.

| Sectors

iter Zones are excluded. The remaining Sectors are available for storing User |Data
Sectors.

Data Frame

Frame consists of 2 052 bytes: 2 048 bytes of User Data and 4 bytes of Error-Detectio

T Udo T
2048
User Data .
bytes : 2052
N uds 047 bytes
T edz 48
4 ed2 049
EDC bytes edz 050
J ed2 os1 J

Figure 23 — Data Frame

Error-Detection Code (EDC)

Consideringthe Data Frame as a single-bit field, starting with the most-significant bit o
yte (udg)yand ending with the least-significant bit of the last EDC byte (ed: os1), then t

Each b

Physical Sectors are available for storage of User Data delivered by the application or host. The Inner

and are called

h Code (EDC).

DA8 User Data bytes are identified as udo to ud, 047 and the 4 EDCybytes as ed. oss to €djos1 (See Figure

pyte field ed, o1g t0 €d 051 shall contain an Error-Detection Code computed over the 2 048 bytes of User

f the first User
he msb will be

w

it\oiof the EDC is shown as follows for i = 0 to 31:
O .
EDC(x)= Y bjx'=I(x)modG(x)
i=31
32 _
here I(x)z Z bixI and G(x)=x32 +x3ix4 41
i=16 415
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13.4 Scrambled Data Frame

Each Data Frame, consisting of 2 052 bytes of User Data + EDC, shall be scrambled with the output of the
circuit defined in Figure 24, in which bits s7 (msb) to so (Isb) represent a scrambling byte at each 8-bit shift.

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

D) =xC+xB+xB+xt+1

Here, so to s15 form a 16-bit shift register. At each shift clock the content of sn shifts to sn+1 (n = 0..14), while s
is setto Sis @ S1a @ S12 @ S3 (@ stands for Exclusive-Or).

At the beginniCIg of the scrambling procedure of each Data Frame, the shift register so to si5 shall be[ preset

with a value derived from the (virtual) PSN associated with the Data Frame (see Clause 17), "Thg 16-bit
preset value shall be composed in the following way:

— s35 shall be set to ONE;
— S14..Soshall be set to PSi9.. PS5 of the PSN (see Figure 24);

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

PSN
MSB LSB
P P P P P P g
S s| s S| | [s| s 5 |7 3|7 5
3 iR I |12 |3 8| |7] |5]4 0
1 4 3 9 6
ONE \\
III\¢ YYVYVYVYVYYVYY
parallelsl3 < TsT s <«— shift clock
S|IS[S[S|S|S|S|S
load szl 13 7|6|54(3|2|1|0}«
|r\ Jan A
NZARNY/ U

Figure 24 — Scrambler circuit

After loading the preset.value, s7 .. so are taken out as scrambling byte So. Then, an 8-bit shift is regpeated
2 051 times and the-following 2 051 bytes are taken from s7 .. So as the scrambling bytes S;t0 S; os1.
The 2 052 bytgs d/edk of the Data Frame become scrambled bytes dk where

dk =ud/edk ® Sk fork=0to2051; (@ stands for Exclusive-Or)
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In the next step, 32 Scrambled Data Frames (F = 0..31) are combined into one block of data (see Figure 25).

<« 32 Frames -
0 1 F 31
0 do,o do.1 dor do31
dio0 dis dir di31
2 052 : : :
bytes
dé UoU,U dl UoU, 1 dé UoU,F dé U50,B1
J d2051,0 d2051,1 d2 051 F dz 0621

Figure 25 — 32 Scrambled Data Frames

These [data are rearranged into an array of 216 rows x 304 columns by dividing eack’ Scramblg¢d Data Frame
into 9,% columns as shown in Figure 26. This new array is called a Data Blocks lt)should be noted that every
even Ycrambled Data Frame ends halfway down a column, and every odd Scrambled Data Frame starts

halfway down a column.
«— 304 columns -
0 1 9 10 18 19 303
T do,o d216,0 di9440 | diosa d1836,1 do2 1 836,31
dio d217,0 dioss0 | diogl d1s371 di2 {1 837,31
d2 0500
216 d2 0510
rows dox
O11
d106,1
| d21s0 daz10 dio71 da231 d2os11 | dasp 2 051,31

Figure 26 — Composition of Data Block from 32 Scrambled Data Frames
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13.6 LDC Block
The bytes in each column of the Data Block are renumbered as shown in Figure 27 starting from the top of
each column as follows: egL €1L .. €L .. t0 e2151, in which L represents the code-word number (= the column
number: 0 to 303).

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

(248,216,33) Long-Distance RS Code. The Parity bytes are numbered: p2is L P217.L .. PjL .. tO P2a7.L.

“— 304 columns -
Code word | Code word Code word Code word | Code word
0 1 L 302 303
T T €o0,0 €o0,1 €o,L €0,302 €0,303
216 €10 e11 eLL €1,302 €1,303
rows €20 : : : :
with :
1 LDd data
code-wqrd J €2150 €2151 €151 e415302 €215,303
= 248 T P216,0 P216,1 P216,L P216,302 216,303
bytes 32 : : : : :
rows
with
parity :
y 1 P247,0 P247,1 P24 P247,302 P247,303

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

13.7 LDC code-words

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

P(X) =xBHxt +x3+x*+ 1

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

a = 00000010

Each LDC codle-word, represented by the vector lgc = (€oL .. €L .. €251 P2l .. PjL .. P2sa7L), IS @ Reed-
Solomon codg over GE(28) having 32 parity bytes and 216 information bytes. Such a code word fan be
represented by a polynomial l4c(x) of degree 247 (possibly having some coefficients equal to zero), where the
highest degregs/correspond to the information part of the vector (eoL .. etc.) and the lowest degrees
correspond to the parity part of the vector (pzisL .. €tC.).

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

31

ob0=TT ')

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 Hipc of code lyc is such that

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

The second row, hipc 2, of the parity-check matrix, Hipc, 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, hipcz, of the
parity-check matrix, Hipc, is given by the formula below.
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hiocz = (0%, a®* .. a?, a, 1)

13.8 LDC Cluster

13.8.1

General

ISO/IEC 30190:2016(E)

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

13.8.2 First interleaving step

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

and 49p TOWS.
Each new column is formed by multiplexing each even column from the LDC Block with-the ne
The ngw column is filled by taking the first byte from the even LDC Block column, then the firg
odd LOC Block column, next the second byte from the even LDC Block column, followed by th
from the odd LDC Block column, etc. as shown in Figure 28.
“— 152 columns —
0 151
T €0,0 €0,2 €0,302 D
€01 €0,3 €0,303
432 €1,0 €12 €1,302
rows €11 €13 €1,303
with :
data
€215, €215,2 €215,302
1 €2151 €2153 €215,303 496
T P216,0 P216,2 P216,302 roOws
P216,1 P216,3 P216,303
64 P217,0 P2i7,2 P217,302
rows P217.1 P217,3 P217,303
with : : :
parity
P2470 P247,2 P247,302
1 P247,1 P247,3 P247,303 J

13.8.3

To red

xt odd column.
[ byte from the
e second byte

Second'interleaving step

Figure 28 — First step of interleaving

uce the influence of error propagation and further improve the burst-error correcting

apabilities, an

additio

[ 1 . —e— 1 1
Ial IIItCIICQVIIIg IS) Illtl ouuccu.

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), O < row_number £495. The bytes that shift out at the left side are re-
entered in the array from the right side (see Figure 29).

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

numbering Do to D7s 391 as indicated in Figure 22.
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<« 152 -
bytes

< shift €0,0 €02 €0,300 €0,302

0 €0,1 €03 €0301 | €0303

<« shift €16 eis €1%00 | [e1302 €10 €12 €14

3 €17 €19 €1,301 €1,303 €11 €13 €15

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

6 €2,13 €215 €2,303 €21 €23 €25 €27 €29 €211
<« shift €s50300 | €50302 || €s00 €50,208
150 €s50301 | €50303 || €501 €50,299

<« shift €512 €514 €s51300 | €51302 [ €510

1 €513 €515 €51301 | €51,303 €511

<« shift
mod(kx3, 152)

<« shift 130 | pass,260 | P2as,262 P246.302 | P246.0 P246,258
P246,261 | P246,263 P246,303 P246,1 P246,259
« shift 133 P247,266 | P247,268 P247,302 | P247:0 P247,2 P247,4 P247,6 247,264
P247,267 | P247,269 P247,303 | P2azd P247,3 P247,5 P247,7 247,265

46

Figure 29 — LDC Cluster
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13.9 Addressing and Control Data

13.9.1 General

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

13.9.2.1 General

For positioning the optical head onto the desired Track, a fast addressing mechanism is implemented by
subdividing the 64K Physical Clusters into 16 Address Units. Each Address Unit contains an adgress, which is
placed|in such a way into the BIS code-words (see 13.11) that it can be accessed quickly (see Higure 30).

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

— 1 Ipyte for flag bits;
— 4 Ipytes for error correction.
« 16 addresses —
0 1 : S : 15
T AFoqo AF0,1 . AFoYS . AF0,15
Address- AFlvo AFJ_,]_ . . . AF1,15
Unit Numbers : : \ : : :
9 AF3,0 AF3,1 . AF3,S . AF3,15
bytes Flag bits AF40 AF41 : AF4s : AF415
AF5,0 AF5,1 . AFs,S . AF5,15
Parities : g : : : :
l« Aquo AF3,1 : AF&S . AF3,15

Figure-30 — 16 Address Fields

13.9.2p Byte assignment for Address Fields

AFos 9§ MSB of the Address-Unit Number.
AF1s 92" SB of the Address-Unit Number.
AF,s 93 SB of the Address-Unit Number.
AF3s 9 LSB of the Address-Unit Number.

AF.s qflag bits: These bits can be used to indicate a status of individual Data Frames in a Clyister or can be
used to hold other information, such as an address. The basic format for assjgning some of
these flag bits is specified in 13.9.2.4. Flag bits not used shall be set to ZERQO,.

AFss .| AFg s«=-parity bytes for forming an (9,5,5) RS code over the Address Field.

This RiS\6ade is defined over the finite field GF(28). The non-zero elements of the finite figld GF(28) are
generated by a primitive element a, where a'is a root of the primitive polynomial p(X).

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

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

a = 00000010

Each Address-Field code-word, represented by the vector afc = (AFgs .. AFis .. AFgs), 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 afc(x) of degree 8 (possibly having some coefficients equal to zero), where the highest degrees
correspond to the information part of the vector (AFgs .. etc.) and the lowest degrees correspond to the parity
part of the vector (AFss .. etc.).
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afc(x) is a multiple of the generator polynomial g(x) of the Address-Field code-word. The generator polynomial

equals

g(X)=f[(X—ai)

i=0

The Address-Field code is systematic. The 5 information bytes appear unaltered in the highest-degree
positions of each code word. The parity-check matrix Harc of code afc is such that

Harc X afc

T =0 for all Address-Field code-words afc

The second row, harc 2, Of the parity-check matrix, Harc, 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, hagc 4 of the
parity-check miatrix Harc is given by
harc2 = (of, @’ .. &2, a, 1)
13.9.2.3 Address-Unit Numbers
The 16 Addreps Fields to be recorded in the BIS columns of the Physical Cluster each contain a|4-byte
Address-Unit Number (AUN).
The Address-Unit Numbers shall be derived from the Physical-Sector Numbers-(PSN) as defined in Figure 31.
The Address-Unit Numbers increase by two for each successive Address)Unit, for reasons of synchronization
with the PSNs|(see Clause 17).
The Address-Unit Number of the first Address Unit of each Physical Cluster is a multiple of 32.
The first Addrgss-Unit Number in Data Zone 0 will be 00 1000 00h (1 048 576 decimal).
The last Addrejss-Unit Number in Data Zone 1 will be O%EF FF FEh (32 505 854 decimal).
The bits of the|Address-Unit Numbers shall be set as follows.
— AUs; .. AUs shall be a copy of PSs; .. PS5 frem the PSNs.
— AUs .. AU{ shall count from 0O to 15 inside"the Physical Cluster.
— AU shall pe Reserved.
PSN
MSB LSB

P P P P P P Pl [PP P

S S S S S

3 2 2 1 1 g ; g 2 ‘8

in Cluster
count ERO

YVYYVYYYVYYY YYYYYVYYYY YYYVYYYYY V'Vllvl

A AlAl |A A A A

e )P 819199 | B8

1 7161 14 3 6 5 8 54 1o

Address-Unit Number
Figure 31 — Composition of AUNs from PSNs
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13.9.2.4 Assignments for flag bits

Bit b7 bs bs b4 b3 b, b1 bo

Byte

AFas
AF4,0 Sap1 Saia Saoo Saio Rsv Rsv Rsv Rsv
AF41 Saza Sas1 Sazo Sasp Rsv Rsv Rsv Rsv
AF42 Sau Sas Sauo Saso Rsv Rsv Rsv Rsv
AF43 Sas1 Sara Saso Saro Rsv Rsv Rsv Rsv
AF44 Sas1 Sag1 Saspo Sago Rsv Rsv Rsv Rsv
AF45 Saio1 Saiia Saio,0 Saii0 Rsv Rsv Rsv Rsv
AF46 Sai Sais; Sano | Saisp Rsv Rsv Rsv Rsv
AF47 Saia Sais Sais Sais Rsv Rsv Rsv Rsv
AF4g Sais,1 Sai71 Saiso | Sairo Rsv Rsv Rsv Rsv
AF49 Sais1 Saio Saiso Saigo Rsv Rsv Rsv RsV
AF4.10 Sazo,1 Saoi Sao,0 Sani0 Rsv Rsv Rsv Rsv
AF411 | Saz: Saps Saxo | Sazpo Rsv Rsv Rsv Rsv
AFa412 Saosi Sars 1 Sazsp Sazso Rsv Rsv Rsv RsV
AF413 | Saze: Sax71 Sazo | Sazo Rsv Rsv Rsv Rsv
AF414 Sags 1 Sagg 1 Sas o Sag o Rsv Rsv Rsv Rsv
AF415 Saszo1 Sasi Saso0 Sase Rsv Rsv Rsv Rsv

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

Status| bits Sai;j(0 <i< 31, 0 <j<1): Because each Cluster contains 32 Data Frames and there are only 16
Addregs Units, each such Address Unithas to hold the flag bits for 2 Data Frames (see Figure 32).

Bit b7 and bit bs of successive flag bytes AF.s are defined as status bits Saysi1 and Sas, réspectively, for
Data Ffame 2S.

Bit bs gnd bit bs of successive flag bytes AF4s are defined as status bits Saps+1,1 and Sazs+1,0, re€spectively, for
Data Ffame 2S+1.

Bits bs[to by of allflag bytes AF4 s shall be Reserved unless otherwise specified by the Applicatign.

13.9.2p ,Usage of status bits Sai;

Each pairof status bits Sar 1/San, 15 used 1o ndicate the status of arm mdividuat Data Frame i a Cluster. The
following settings are defined:
Saii/Saip = 00: the Data Frame contains general User Data;

11: the Data Frame contains Padding data inserted by the drive to complete Clusters
before recording them onto the disk;

other settings: Reserved unless otherwise specified by the Application.

In the User-Data Area, the status bits Saj1/Saio shall be set to 11 in Data Frames that have been inserted by
the drive to complete Clusters before recording them onto the disk (Padding).

In other cases, where the data for Data Frame i is supplied by the host, the status bits Sai1/Saio shall be set to
00.
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13.9.3 User-Control Data

For accessing the User Data, special Control Data can be added to each User Data Frame. These additional
bytes can carry Application-dependent information. A User Data Frame accompanied by its User-Control Data
Unit is called a Sector. Each User-Control Data Unit consists of 18 bytes (see Figure 33).

<« 32 Units N
0 1 : S : 31
) UCoo UCo1 : UCos : UCo.31
UC]_,o UC1,1 . . . UCJ_,31
18 bytes : : : : : :
N UCi7,0 UCi71 : UCi7s : UCi7.31

Figure 33 — 32 User-Control Data Units
13.9.4 Byte/Bjt assignment for User-Control Data

The User-Control Data bytes are Application dependent. If this setting is not spgecified by the Appljcation,
these bytes shpll be set to 00h.
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« 24 columns -
T AFo,0 AF10 AR 0 AFo7 AF17 AF27 AFoe AF16 AF26 AFos AFo1 AF11 AF21 T
6 rows AFoys AFlys AFzys AF0,15 . . AFO,14 . . AFO,13 AFoqg AF1,9 Aqug
with AF41 AFs 1 AHs 1 AF40 AFs o AF3o AF47 AFs7 AF37 AFa6 AF4> AFs» AF32
Physical AF49 . ! AF43g AFsg AF3g AF4 15 . . AF414 AF410 AFs 10 AF3 10
Addresses Angz AFe,z AF7,2 AFg,l AFe,l AF7,1 AFsvo AFevo AF7,0 AF8,7 AF3,3 AF6,3 AF7,3
N AFs 10 : ) AFgg : : AFggs AFes AF7s AFg s AFg 11 AFg 11 AF711
T UCo,0 UCe,1 UCho» UCo4 : : : : : : UC1230
UCh7.» UC17.30 30
24 rows UJo3 UCo 31 rows
with : ] :
User UCi71 '
Control UCo. UCos0
Data : : : .
UC17,0 UC17,4
UCO,1 UCO,S
J UCs1 UCi1 UCh73 UC1130 | UCi731 J
Figure!34 — Composition of Access Block
(from 16 Address Fields and 32 User-Control Data Units)
51
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13.10 Access Block

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

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

The 9 bytes of

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

The three groups of bytes of each of the addresses 0 to 7 are placed in the Access Block in a diagonal
direction in the first, third and fifth row, starting with address Q0 and each successive address shifted ¢

clically

three position

The three grod
fourth and sixt
the left.

5 to the left (see Figure 34).

ps of bytes of each of the addresses 8 to 15 are placed in a diagonal directionin the S
n row, starting with address 8 and each successive address shifted cyclically-three posi

Within each group of bytes in the third and fourth rows, the bytes are shifted cyclicallyto the left over|

position.

Within each gfoup of bytes in the fifth and sixth rows, the bytes are shifted cyclically to the left over

positions.

Mathematically
formulae:

byte AFxy

, this mapping of the address bytes into the Access Black can be represented by the fg

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

The User-Confrol Data Unit is placed in the column dirgetion, whereby each User-Control Data Unit only

of a column (4

13.11 BISB

The bytes in e
each column 4
number: 0 to 2

The BIS Block
RS code. The

User-Control Data Units in 3 full colunins; see Figure 34).

ock

ach column of an Access.Block are renumbered as shown in Figure 35 starting from the
s follows: boc bic .. dic .. to by c, where C represents the code-word number (= the
B).

is completed hy. extending each of the columns with 32 Parity bytes according to a (62
Parity bytes)are numbered: pbzoc pbaic .. pbjc .. to pbeic.

econd,
ions to

1 byte

2 byte

llowing

fills ¥

 top of
column

30,33)
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<« 24 columns -
Code word | Code word Code word Code word | Code word
0 1 C 22 23
T T bo.o bo1 bo.c bo 23
b1 b1 bic D123
30 : : : :
Information bn.c
One BIS bytes : : : :
code-word { b29,0 D291 D29 .c D29 23
=[62bytes $ pbzeo 18 SENE 8] SEX pb3o,23
32 : : : :
Parity bytes
\ : : : :
{ pbs1,0 pbs1.1 pbsi.c pbs1,23

13.12

The BI

Figure 35 — Renumbering data bytes and forming BIS Block bysadding paritig

BIS code-words

5 RS code is defined over the finite field GF(28). The non-zefe elements of the finite f

generated by a primitive element a, where a is a root of the primitive polynomial p(x).

p(

The sy
with (o

a
Each H

)=xB+xt+x3+x2+ 1

Mmbols of GF(28) are represented by bytes (groups.of 8 bits), using the polynomial-base
,a® a5 .., a? a, 1) as abasis. The root a is thus represented as

F 00000010

IS code-word, represented by the.vector bis = (boc .. bic .. bagc pbsoc .. pbic .. pbe

SolomIn code over GF(28 having 32(parity bytes and 30 information bytes. Such a codg

repres
highes

nted by a polynomial bis(x) oftdegree 61 (possibly having some coefficients equal to ze
degrees correspond to_the’ information part of the vector (boc .. etc.) and the I

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

bis(x) i

The BI
code W

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

31

x)-] [ (x<a

i=0

5 code is systematic: the 30 information bytes appear unaltered in the highest-degree pg

PS

eld GF(28) are

epresentation,

c), is a Reed-
word can be
bro), where the
west degrees

mial equals

sitions of each

ord,/The parity-check matrix Hgis 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 the formula below.

hgis2 = (061, a0 .. C(z, a, 1)

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.
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The BIS Cluster is subdivided according to the Address Units as shown in Figure 22. The Units are numbered
u = 0 to 15 the rows in such a Unit are numbered r = 0 to 30 and the columns are numbered e = 0 to 2 (see

Figure 36).

The essentials

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

Figure 37 and 38):

— each row of a BIS Block is split into eight groups of 3 bytes. These 3-byte groups are each placed in one

row of the

— theevenr

BIS Cluster;

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

into Units 8 to 15;

— the 3-byte
whereby t

— the first 3
which is 0

— row N
— rowN
— rowN

— this pr
3,..,0

— now, withi
shifted, ro

groups from an even row of the BIS Block are placed each in the same row of Uhits|0 to 7,
ne Units are used in reverse order (according to their numbering);

tbyte group of each successive row of the BIS Block shall be placed in a)Unit with a pumber
ne higher than the start Unit used for the previous row:

= 0 of the BIS Block is placed on rows r =0 of Units: 0, 7, 6, 5, .., 2,1;
= 2 of the BIS Block is placed on rows r = 1 of Units: 1, 0, 7, 64553, 2;
= 4 of the BIS Block is placed on rows r = 2 of Units: 2, 1, 0,7, .., 4, 3 etc.;

hcess is repeated cyclically until row N = 60, whictyis’placed on rows r = 30 of Units: 8, 5, 4,
t 7;

N each Unit, each row r is shifted cyclically tocthe right by mod(r,3) positions: so row r = Q is not
v r = 1 is shifted 1, row r = 2 is shifted 2, row r = 3 is not shifted, row r = 4 is shifted 1, etq.;

— for the odd rows of the BIS Block, the same kindof procedure is followed, but then using the Units 8 to 15.
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<« 3 -
columns
D T Bo B1 B2 T D
31 : : : |
N Bao Boz Boo |
T Bos Boa Bos |
31 . . . |
i |
|
|
du
T T
496 | 16
rows 31 e Ir Units
rows | «——
J
T
31
\ J B14s7 \

Figure:36— BIS Cluster

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

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

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

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

mE(UXx3THr)x3+e

© ISO/IEC 2016 — All rights reserved
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Byte number N,C from BIS Block Shift right Filling in upward direction
(= mod(r,3))
columne
Unitu row r 0 1 2
0 0 0,0 0,1 0,2 0 start of Block row N = 0
1 2,5 2,3 2,4 1 1 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
ol 1R,1 1R,’) 1R,ﬂ start of Block row/ N =186
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 end of Block row N = 0
1 2,2 2,0 2,1 1 start of Block row N = 2
2 4,4 4,5 4,3 2
3 6,6 6,7 6,8 0
2 0 0,18 0,19 0,20 0
1 2,23 2,21 2,22 1 end of Block row N = 2
2 4,1 4,2 4,0 2 startof.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 0,9 0,20 0,11 0
2,14 2,12 2,13 1
6 0,6 0,7 0,8
2,11 2,9 2,10
4,13 4,14 4,12
7 0,3 0,4 0,5 1 continuation of Block row N = 0
2,8 2,6 2,7 1 continuation of Block row N = 2
/I’1ﬂ /I’1 1 /I’O
7 14,2 14,0 14,1 1 start of Block row N = 14
30 60,21 60,22 60,23 0 end of Block row N = 60

Figure 37 — Example of mapping (partial) of BIS bytes into first 8 Units
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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 33 34 1
2 57 5,8 5,6 2
3 7,9 7,10 7,11 0
8 17,1 17,2 17,0 2 start of Block row N = 17
30 61,18 61,19 61,20
9 0 1,21 1,22 1,23 end of Block row 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 17 18
15 0 1,3 1,4 15 0 7T continuation of Block row N|= 1
1 38 3,6 3,7 1
2 5,10 5,11 5,9 2
7 15,2 15,0 15,1 1 start of Block row N = 15
30 61,21 64,22 61,23 0 end of Block row N = 61
Figure 38 — Example of mapping (partial) of BIS bytes into last 8 Units
The following are some conclusions:
— alllinformation bytes of'a'BIS Block are found in the first 15 rows of each Address Unit;
— alljparity bytes of aBIS Block are found in the last 16 rows of each Address Unit;
— edch Address Fieldis found in the first 3 rows of each Address Unit (see Figure 39).
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13.14 ECC Cluster

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

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

58

LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns | column | columns | column | columns | column | columns
«~— - “— - — = |« S5« S5 |« 5| « >
T AFo0 AF1, AF2,
AEss AE. AEs.
AFs,0 AF7o AFsgo Addresp
UCuy 5 5 Unit 0
AFo1 AF11 AF21
496 AF31 AF41 AFs1
rows AFs1 AF71 AFs1 Addresp
UCxy : : Unit 1
\

Figure 39 — ECC Cluster after multiplexing*0#'BIS Cluster with LDC Cluster
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Recording Frames
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Each row of the ECC Cluster is transformed into a Recording Frame by adding locations for Frame Sync bits
and for dc-control bits.

For this purpose, a stream of 1 240 data bits which is formed by the 155 bytes of each row of the ECC Cluster
is divided into one group of 25 data bits and 27 groups of 45 data bits (see Figure 40) with the most-significant
bits of the bytes handled first.

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

Next, 6

13.16

The 49

ach group of 45 data bits is completed with one additional bit position to form a dc-contrg

| Block.

< 155 bytes >
38 1 38 1 38 1 38
bytes byte bytes byte bytes byte |/~ bytes
< 1 240 bits >
25 45 45 45 45
bits bits bits | AU bits bits
Frame: data dc data dc data dc
Sync ! control control control
20 @ 25 1 45 N 45 1

dc-control Block #0 dc-control Block #1 dc-control Block #2..26

<

<

dc-control Bloch

#27

46 bits 46 bits 25 %46 bits

<

46 bits

\4

<

1 288 bits

Figure 40 — Composition of Recording Frame

Physical Cluster

6 rows froman ECC Cluster, transformed into Recording Frames, are called a Physical

\/

Cluster.

© ISO/IE

C 2016 — All rights reserved
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13.17 17PP modulation for Recordable data

13.17.1 General

All the bits of Recording Frames except the Frame Sync are converted to Modulation bits according to the
17PP modulation code. This is an RLL(1,7) code with run-lengths 22T and <8T and some special properties.
PP means: Parity preserve/Prohibit RMTR.

— Parity preserve:

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

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

This prop
13.17.3).

—  Prohibit R

Because (

13.17.2 Bit
The table in F
Frame shall bsg

A ONE in the
an NRZI Chan

conversion rules

MTR: the number of consecutive minimum run-lengths (2T) is limited to 6.

f the low signal levels on minimum run-lengths this improves the read-out performance.

gure 41 defines the conversion rules from data bits to Modulatien“bits. The data bits S
processed fron the left to the right (msb first, see Figure 40). Remaining¢bits” at the end of the Re
encoded according to the table for terminating bits.

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

hall be
cording

rted to

ables represents a transition in the recorded signal. Fhe Modulation-bit stream is conve
hel-bit stream (see 13.18), and subsequently recorded-onto the disk.
Data bits Modulation bits

00 00 00 00 010 100 100 100

00 00 10 00 000 100 100 100

00 0000 010 100 000

000001 010100 100

000010 000 100000

000011 000,160 100

0001 000-100

0010 010 000

0011 010 100

01 010

10 001

11 000 if preceding Modulation bits = xx1

101 if preceding Modulation bits = xx0

Data bit pattern Substituting
obe-substitutett Modutatiorrbits Conditrornrfor-stubstitution

110111 001 000 000 if next Modulation bits = 010

Terminating Terminating

data bits Modulation bits
00 00 010 100
00 000

60

Figure 41 — 17PP modulation code conversion table
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13.17.3 dc-control procedure

Because a ONE in the Modulation-bit stream means a transition in the recorded signal, the polarity of this
signal can be inverted if an odd number of ONEs is added to the Modulation-bit stream in a controlled way.
Because of the parity-preserve property of the 17PP modulation code, this is possible just by inserting
additional bits into the data-bit stream and setting these to ONE if an inversion is needed.

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

13.17.4 Frame Sync

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

A modtilated Recording Frame starts with a Frame Sync consisting of 30 Channel bits,

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

The lapt 6 bits define a signature, that identifies one of seven different’ Frame Sync pattgrns. The 6-bit
signatyres for the Frame Sync IDs are selected such that their distanee-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
40), the¢n the first Modulation bit of the Frame Sync # = ONE,-&lse # = ZERO (see Figure 42).

The Frame Sync patterns are defined in terms of Modulation bits. A ONE in the table represents a transition in
the recprded signal. Before recording onto the disk thesErame-Sync codes are converted to an NRZI Channel-
bit stream (see 13.18).

Sync number 24-hitSync body 6-bit Sync ID
FSO #01 010 000000 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 #02010 000 000 010 000 000 010 100 001
FS4 #01 010 000 000 010 000 000 010 000 100
FS5 #01 010 000 000 010 000 000 010 001 001
FS6 #01 010 000 000 010 000 000 010 010 000

Figure 42 — 30-bit Frame-Sync codes

Becaugse seven—different Frame Syncs are insufficient to identify 31 Recording Frames, pach frame is
identified by the-combination of its own Frame Sync and the Frame Sync of one of the preceding Recording
Frames$. The mapping of these combinations can be made such that, even with missing Framg Syncs in 1, 2
or 3 preceding frames, a Recording Frame can still be identified by its own Frame Sync and the last present

Frame 'Syrc(see Figure 43):

Rec. Frame n—4 | Rec. Frame n—3 | Rec. Frame n—2 | Rec. Frame n-1 | Rec. Framen

Recording Frame n can be identified from the Frame Sync IDs of:
Recording Frame n + Recording Frame n-1
Recording Frame n + Recording Frame n—2
Recording Frame n + Recording Frame n-3
Recording Frame n + Recording Frame n—4

Figure 43 — Identification of Recording Frames
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The first Recording Frame of each Address Unit has a unique Frame Sync: FSO.

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

Frame number Frame Sync Frame number Frame Sync

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 ES] 20 ESS
6 FS4 21 FS6
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 ES4
15 FS3 30 FS2

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

13.18 Modulation and NRZI conversion

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

Datg Modulation NRZI converted
. . Ex-OR .
bits bits NRZ Channel bits
» Modulator > . -+
conversion

\/

1T
T = 1 Channel clock period |  delay

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

Modulation-bit pattern; 0 1 0/0 1 0|0 0 1/0 1 0|0

Figure 45 — Modulation and NRZI conversion
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14 Physical Data Allocating and Linking

14.1 General

The unit of recording is a Recording-Unit Block (RUB), consisting of a Physical Cluster preceded by a Data

Run-in

and followed by a Data Run-out.

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

In the RecordabteAreasof-the diak, a-wobbte by\.,:c stradt cofrrespot reHto69-ChanmetbitsiftheGhannel-bit rate
is locked to the wobble frequency. This means that a modulated Recording Frame, which i$)[L 932 Channel
bits (=|1 288 data bits), covers exactly 28 wobble cycles. This locked case is consideredyto e the nominal
situatign.

14.2 Recording-Unit Block (RUB)

14.2.1 |General

Each RUB consists of a Data Run-in of 2 760 cbs (nominally 40 wobble/periods), a Physical Cluster of 496 x
1932 pbs (nominally 496 x 28 wobble periods) and a Data Run-out of 1 104 cbs (nominally 16 wobble
periodg).

Each §
field, e

Such 4

Run-in Physical Cluster Run-out Guard_3

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

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

ingle written RUB or each continuously written sequence of RUBs shall be terminated
nsuring that no gaps (Unrecorded Areas) will ever occur between any 2 RUBs.

Guard_3 field shall consijst:0f 540 cbs (nominally = 8 wobble periods).

by a Guard_3

Run-in

Physical Cluster\“\Run-out Run-in Physical Cluster | : | Physical Cluster | Run-

out Guard_3

<40 wbs|

> <496 x 28.\WhS— | <16 wbs— | <40 wbs— |«496 x 28 wbs—| : (<496 x 28 whs—|<«16 W

Figure 47 — Layout of continuously written sequence of Recording-Unit Bloc

bs— | <8 wbs—

© ISO/IEC 2016 — All rights reserved
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14.2.2 Data Run-in

14.2.2.1 General

The Data Run-in consists of the following parts:
— Guard_1: 1 100 Channel bits;

— PrA (Pre-amble): 1 660 Channel bits.

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

The Guard_1 lield is meant to cope with the overlaps due to inaccuracies in determining the start IoceLtion of
recording seqyences (see Figure 48).

Guard_1 PrA

1100 cbs 1 660 cbs
optional APC repeated bit pattern nominally
=~ 5 wobbles =~ 11 wobbles = 24 wobbles

Figure 48 — Layout of Data Run-in

14.2.2.2 Content of Guard_1 fields
The Guard_1 fleld has a length of 1 100 Channel bits.
The content represented in Modulation bits is 55 times repeated’01[0%]1[02]10101[0%]1[03].

These patterns result in a repeated 3T/3T/2T/2T/5T/5T sequence, which is well-suited to re-seftle the
electronic circyits.

14.2.2.3 Autpmatic Power Control (APC)

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 ¢gefined
in 14.2.2.2.

The first 5 wowaIes of the Guard_1 field-at.the start of a recording sequence can be used for perfornping an

14.2.2.4 Content of PrA fields
The PrA field Has a length of 1 660 Channel bits.

The content of|the’PrA field shall be as shown in Figure 49:

77 times repeated 2 times repeated
01[0%]1[0%]10101[0%]1[0%] Sync_1 01[0?]1[0%]10101[0%]1[0%] Sync_2 | 01[02]1[0%]10101[0%1[0%]

«——1540cbs—— | <30 cbhs— <«———40 cbhs —— <30 cbs— «———20chs ——

Figure 49 — Layout of PrA field

In general Sync_1 shall be FS{mod[(N+4),7]} and Sync_2 shall be FS{mod[(N+6),7]} if the first Frame Sync
after the 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 is
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FSO0).The first bit of each of Sync_1, Sync_2 and the first Frame Sync after the PrA is allowed to be used for
dc-control (# = ZERO or ONE, see Figure 42).

14.2.3

Data Run-out

14.2.3.1 General

The Data Run-out consists of the following parts:

— PoA (Post-amble): 564 Channel bits;

— Gyt G'_Z 546-Channetbits:
The PqA field is meant as a runout for signal processing.
The Guiard_2 field is meant to cope with inaccuracies in determining the start location ef record
(see Figure 50).
PoA Guard 2
564 cbs 540 cbs
nominally nominally
= 8 wobbles ~.8 wobbles
Figure 50 — Layout of Data Run-out
14.2.3.2 Content of PoA fields

The Pd

The co

In gengral, Sync 3 shall be chosen such that it corresponds to a Frame number n+1 if the Us|
A\ ends:with Frame number n (see 13.17.4).

the Po

A field has a length of 564 Channel bits.

htent of the PoA field shall be as shown-in Figure 51:

ing sequences

Sync_3 01[0®]1]08]1[08]1[0®]1[08]1[07]

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

<« 30 chs—

54 cbs

480 cbs ——

This m

pans that Sync 3 shall be FSO.

Figure 51 — Layout of PoA field

er Data before

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

The 9T/9T/9T/9T/9T/9T pattern after 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 27 times repeated 01[0?]1[02]10101[0%]1[03].

© ISO/IEC 2016 — All rights reserved
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14.2.4 Guard_3 field

14.2.41 General
Guard_3
540 cbhs
repeated bit pattern optional APC
= 3 wobbles = 5 wobbles
Figure 52 — Layout of Guard_3 field
The Guard_3 ffefdhas a fength of 540 Channel bits.

The content re|

14.2.4.2 Aut

bmatic Power Control (APC)

Automatic Po
chosen freely
in 14.2.4.1.

The last 5 wcii

14.2.4.3 Lin}

The Guard_1 4
The Guard_3 A

34.1.

A linking exam

ing requirements

presented in Modulation bits is 27 times repeated 01[02]1[0%]10101[0%]1[0%] (see Figure 5

er-Control procedure. The Modulation-bit pattern to be used for such.an APC procedure
y the recorder manufacturer and is allowed to be different from the\répeated pattern as

ind Guard_3 fields shall be used for linking separat€ly-written Recording-Unit Block sequ
A\rea of the previous Recording-Unit Block sequenge 'shall be overwritten by the Guard_1
the actual writfen Recording-Unit Block sequence. The SER‘requirement for linked sequences is speq

ple of 3 separately-written single Recording-Unit Blocks is given in Figure 53.

bles of the Guard_3 field at the end of a recording sequence can be used for perfornjing an

can be

Hefined

ences.
field of
ified in

Run-in Run-out
< > < >
Run:in Run-out Physical
G1 | PrA PoA| G2 | |G3
< > < > Cluster
Run-in Run-out Physical
G1 | PrA PoA| G2 | G3
< > < > Cluster
Physical T
G1 | PrA POA|) G2 | G3 .
Cluster Link
T G1 = Guard_1 field
Link G2 = Guard_2 field

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

G3 = Guard_3 field

14.3 Locating data relative to wobble addresses

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

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

As a consequence, the length of the OverWritten Area shall be between 7 and 9 wobble lengths.
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15 Track format

15.1 General
A Track is formed by a 360° turn of a continuous spiral.
Each Recording Layer shall have the same basic Tracks at about the same locations (see Figure 54).

For consistency reasons, the sole Recording Layer on an SL disk is also called Layer LO.

15.2 Track shape

The Zg
Clause

ending

A trang
shall o
uninter

The Groove Tracks in the BCA Zone shall be Straight Groove(s) (Wwithout any modulation) betw:

ne between radius r; = 21,0 mm and radius r; = 22,2 mm is reserved to be used for
35). In this Zone, there shall be Tracks formed by a Single Spiral Groove starting-from (
at (on Layer L1) radius 210°%, mm.

ition from Straight Groove to the HFM Groove between the BCA Zonhe and the Embos
Ccur between radius r, = 22,0 mm and r3 (see Figure 54). At this transition the Spiral G
Fupted.

the BCA (see
n Layer LO) or

sed HFM Area
roove shall be

pen a radius of

21 mm| and the point where the encoding of the HFM Groove,in‘the Embossed HFM Area starts on Layer LO
or the Wobbled Groove ends on Layer L1 (see Clause 18).
Inner Zonewn _Data Zone n
BCA EmbossedHFM Area Recordable Area
S mm— | > (<
—_— — > —_—
Layer LO — VaUa U UaWe UaUaWaw
P, Straight Groove HFM Groove Wobbled Groove tragking
/ f— r2 —> direction
J A I3 >
Layer L1 i GO OO
Straight Groove Wobbled Groove tracking
/- _ : dpz| direction
Connection Connection
Area Area

In the
continu

Figure 54 — Connection Areas between different Groove Types

Embossed HFM Area on Layer LO (see Clause 16), the Tracks are formed by a Single

Spiral Groove

ing/uninterruptedly from the end of the Straight Groove in the BCA Zone.

These Groove Tracks in the Embossed HFM Area move with a rather high frequency deviation in the radial
direction around their nominal centrelines, thereby providing a high bit rate/high capacity data channel for the
storage of replicated information (HFM Groove).

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

In the Recordable Areas (see Clause 16) the Tracks are formed by a Single Spiral Groove, starting from the
end of the Embossed HFM Area on Layer LO or ending at the beginning of the Straight-Groove Area on Layer
L1. The Groove in the Recordable Areas move with a mainly monotone sinusoidal deviation in the radial
direction around their nominal centrelines [Wobbled Groove(s)]. The sinusoidal deviation is modulated by
replacing some cycles at certain locations by different patterns.
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The wobble can be used for speed control of the disk and synchronization of the write clock of the drive, and
the modulated parts represent addressing information called Address In Pre-Groove or ADIP (see 15.7). The
shape of each Track is determined by the requirements in Clause 27.

NOTE Although the term of "Pre-Groove" is not defined in this International Standard, "ADIP" is widely used as an
acronym of "Address In Pre-groove" in optical disk standards. Meaning of "Pre-Groove" is the same as that of "Groove" in
this International Standard.

At the connection between the Embossed HFM Area and the Recordable Area, the Spiral Groove shall be
uninterrupted. Between the replicated information in the HFM Groove and the ADIP information in the
Wobbled Groove it is allowed to have a Groove-Only part (without any modulation) for maximum 1 mm in the
tangential direction along the Track.

Groove geomgtry
On each layer either On-Groove recording or In-Groove recording is allowed.

For On-Groové recording a geometry is used where the Grooves are nearer to the Entrance’ surfacq of the
disk than the Uand. For In-Groove recording a geometry is used where Grooves are fartherfrom the Entrance
surface of the glisk than the Land. The outline of the Groove geometry is presented in Figure 55.

Land Land

Groove Substrate Groove

Substrate

/]

Transmission Stack Transmissien/Stack
read-out read-out
beam beam
On-Groove recording In-Groove recording

Figure 55 >~Outline of Groove geometry

(Radial cross-section of disk)

15.3 Track path

On Layer LO the spiral shalkrun 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 L1 the spiral'shall run from the outer side of the disk towards the inner side of the disk when the disk
rotates accord{ngdo the specification in 9.8.

On an SL disk, the Tracks shall start at the beginning of the Inner Zone, terminate at the end of the Outer
Zone and be continuous in the Information Zone (see Figure 17).

On a DL disk, the Tracks on Layer LO shall start at the beginning of the Inner Zone, terminate at the end of the
Outer Zone 0 and be continuous in the Information Zone. On Layer L1, the Tracks shall start at the beginning
of the Outer Zone 1, terminate at the end of Inner Zone 1 and be continuous in the Information Zone (see
Figure 18).
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15.4 Track Pitch

154.1

Track Pitch in BCA Zone

The Track Pitch (TP) in BCA Zone is the distance between the average centerlines of a Groove in adjacent

Tracks

, measured in the radial direction.

The Track Pitch shall be (2,0 + 0,1) ym.

In the area between rz; and rs, the Track Pitch has to change over from 2,0 ym to the Track Pitch of the
Embossed HFM Area (on Layer LO) or to the Wobbled Groove Area (on Layer L1).

15.4.2

The Tr
in adja

The Tr

The Tr

15.4.3

The Tr
in adja

The Tr

The Tr

15.4.4

The ch
Tracks

155 7

155.1

In 15.5
Clause

The d3

Track Pitch in Embossed HFM Area

ack Pitch in Embossed HFM Area is the distance between the average centrelines of a
cent Tracks, measured in the radial direction.

hck Pitch shall be (0,350 £ 0,010) um.

hck Pitch averaged over the Embossed HFM Area shall be (0,350::.0;,003) um.

Track Pitch in Recordable Area(s)

Ack Pitch in Recordable Area(s) is the distance between' the average centrelines of a W
Cent Tracks, measured in the radial direction.

hck Pitch shall be (0,320 £ 0,010) um.

hck Pitch averaged over the Recordable Area(s) shall be (0,320 £+ 0,003) uym.

Track Pitch between Embossed HEM Area and Recordable Area

ange in Track Pitch from 0,35 pm to 0,32 ym (on Layer LO) shall be realized within
(revolutions), which Tracks shall be located completely in Protection-Zone 2 (see Figure

[rack layout of HFM Groove

General

only the-ércoding format of the data will be described. The locations and the content wi
18 and\18:2.

tadin,HFM Groove is recorded in 4K partitions, called PIC Clusters. Each such PIC Clu

Data F

n HFM Groove

bbbled Groove

maximum 100
34).

Il be defined in

ster contains 2

t this data and

amac aach vaath 2 049 hhadac of data Tha Drrar Corractinn machanicmce nicad 1t nrairad
T e CotCTr it = ooy tC oo tattet— T e o oo e CuoThe e oo oot a—to—prote

the procedures to build up fully formatted partition are very similar to those described in Clause 13.

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

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

15.5.2.1 Dat

Each Data Fral

15.5.2.2 Scr

Sync
1 byte 10 bytes 1 byte 9 bytes
T Do ......... Dg Bo Dlo ....... Dls T
Dig ..... Dog B1 Dog vevveennn .
Data stream 216 Data
248 rows > > :
on disk :
J
T
32 Parities
d B4z oo D711 N

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

h Frame

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

hmbled Data Frame

Each Data Frgme with its EDC is scrambled according the@rocedure described in 13.4. For the prese} of the
scrambler AUNI1s .. AUN; (see 15.5.3.2 and 13.9.2.2) shall\be used instead of PSyg .. PSs.

15.5.2.3 Datq Block

Each 2 Scrambled Data Frames are mapped into an array of 216 rows x 19 columns as described in 13.5 and
indicated in Figure 26 (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 13.5 anjd 13.6,
with the differgnce being thatithere 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 Intefleaving

The interleaving—procedure—is—differentirorm—the—onre—deserbed—ir—13-8—Only—the—secend—intedeawg step

described in 13.8.3 is applied., That is each successive row is shifted one more byte position to the left [shift =
mod(k, 19), where k is the row number, 0 < k < 247)]. The bytes that shift out at the left side are re-entered in

the array from

70

the right side (see Figure 57).
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<« 19 -
bytes
< shift 0 €0,0 €0,1 €0,18 T
« shift 1 €11 €12 €1,18 €1,0
<« shift 2 €22 €23 €218 €20 €21
« shift 18 €18,18 €180 €18,17 248
« shift 0 €19,0 €191 €19,18 rows
<« shift mod(k,19)

< shift 18 P24618 | P246,0 P246,17
<« shift 0 P247,0 P247,1 P247,18 4

Figure 57 — Interleaving of PIC LDC Block

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

numbe

15.5.3

15.5.3.

Unlike
with 8
Figure

1 General

58).

Addressing and Control Data

Fing Do to D4 711 as indicated in Figure 56.

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

© ISO/IEC 2016 — All rights reserved

71


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

4 columns >
0 1 2 3
T 0 AFoo AFo3 AFo, AFo1 T
1 AFO,4 AFO,7 AFo,e AFO,S
2 AF11 AF10 AFi3 AFi2
3 AFis AF14 AF17 AFi6
4 AF;» AF21 AF20 AF;3
5 AFz6 AF;5 AF2 .4 AF2 7
6 AF33 AF3> AF31 AFsp0
7 AF37 AF36 AF35 AFz4
8 AFzo T T AFa1 T8 TOWS
9 AFa4 : : Addresses
10 AFs 1 AFso
11 AF5,5 . .
1 B|S 12 AFs 2 AFs1 AFs0
code-yvord 13 AFs s : : :
=62 bytes 14 AF73 : AF71 AF70
15 AF77 : : :
16 AFg,o . . AFa,l
17 AFg4 AFg AFge AFs 5 J
18 UCoy UCi20 UCou UCi21 T
19 UCl,o UC13,0 UCl,l UC13,1 12 rows
: : : : : User Control
28 UC10,0 UC220 UC104 UC221 Data
29 UCi1p0 UCas3p0 UCi11 UCos1 1
30 pbso.o pbso.1 pbso,2 pbsos T
31 pbsio pbs11 pbsi 2 pbsis 32 rows
: : : : : Parities
\ 61 pbs1.0 pbszy pbsy,2 pbsi3 \
Code word Code,word Code word Code word
0 1 2 3
Figure 58 — PIC BIS Block

72 © ISO/IEC 2016 — Al rights reserved


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

15.5.3.2 Address Fields

Comparable to the Recordable Areas of the disk, where each 1/16 of a 64K Cluster (= 4K bytes) is identified
by one Address-Unit Number (see 13.9.2), each 4K PIC Cluster shall be identified by one Address-Unit
Number. These Address-Unit Numbers shall increase by two for each successive 4K PIC Cluster.

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

AFos = MSB of the Address-Unit Number (all the same for S=0 .. 7)
AF1s=2"4 SB of the Address-Unit Number (all the same for S=0..7)
AF,s = 39 SB of the Address-Unit Number (all the same for S=0 .. 7)

AR
AR

AR
TH

3,5 = LSB of the Address-Unit Number (all the same forS=0..7)
4s = flag bits
Bits b7 to bs: Reserved
Bits b, to bo: set to the binary value of S
55 .. AFgs = parity bytes for forming an (9,5,5) RS code over the Address Field!
e parity bytes shall be calculated according to the definitions given in 13,9.2,

The 8 addresses are mapped into the PIC BIS Block in a special pre-interleaved way.

The by
0 of ad
(see Fi

The by
0 of ad
the left]

Mather
followvir

by]

15.5.3.

There

Data U
rows 1
2 and |

All bytd

dress 0 in row 0, column 0 and each successive address being’shifted cyclically one pos
gure 58).

dress 4 in row 1, column O and each successive.address being shifted cyclically one m
hatically, this mapping of the address bytes into the PIC BIS Cluster can be repre

g formulae:

fe AFxy shall be allocated in row r =2 x x + div(y,4)
and in coltmn ¢ = mod[(x + 8 —y),4].

3 User-Control Data

are two User-Controk-Data Units, each consisting of 24 bytes. Bytes 0 to 11 of the firs
nit shall be placed.in column O, rows 18 to 29 of the PIC BIS Block and bytes 12 to 2

ytes 12 to 23:in column 3 (see Figure 58).

s of bothUser-Control Data Units shall be Reserved.

tes of addresses 0 to 3 are placed in a diagonal direction in the ‘even-numbered rows, starting with byte

ition to the left

tes of addresses 4 to 7 are placed in a diagonal direction in the odd-numbered rows, starting with byte

ore position to

sented by the

t User-Control
3 in column 1,

B to 29. In the,same way, bytes 0 to 11 of the second User-Control Data Unit shall be placed in column

15.5.3.

AN BIS code-words

The PIC BIS Block is completed by adding 32 rows with parity bytes (see Figure 58) according to the
procedure described in 13.11 and 13.12, with the difference that there are only 4 columns (c = 0..3). The
result is now a matrix of 62 rows x 4 columns.
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15.5.3.5 BIS

Cluster

Finally, the matrix of BIS code-words is reconstructed into one-column of 248 bytes that can be inserted in the

PIC Cluster as

indicated in Figure 56.

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

Bytes Bi24 to Bos7 are filled by successively copying bytes from the odd rows by going through the BIS Block
cyclically in a diagonal direction starting from row 1, column 0.

Mathematicall

. the mapping of the bytes from the PIC BIS Block into the PIC BIS Cluster can be represented

by the followin

Let byte b
and byte E

then

and vice \

As a result of
where each 3
succession. Th

) formulae:
« be the byte in row r and column c of the BIS Block,
iis the i" byte in the column of the BIS Cluster,

r=mod(2 x i, 62) + div(i,124),
¢ = mod(i,4),

ersa i=124 x mod(r,2) + div(r,2) + 31 x mod{[4 — ¢ + div(r,2)],4}.

74

his interleaving, the one-column 248-byte BIS Cluster is divided-into eight groups of 3] bytes,
1-byte group is composed of 9 address bytes, 6 UC data’bytes, and 16 parity bytes in
e address bytes, due to the pre-interleaving, appear in the gorrect order for direct accesyq.
BIS Block BIS Cluster
i c=0 1 2 3 < 1 byte >
=0 0 93 62 31 Bo T
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 Bi2s 248
12 6 B1oa 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 y
Figure 59 — Reading order for constructing PIC BIS Cluster
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15.5.4 Recording Frames

15.5.4.1 General

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

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

15.5.4.2 Modulation

ipn pattern are
thod, a bit with
epresented by
Ilation bits are
recordéd on the disk by a deviation of the Groove from its average centreline as indicated in Figure 60. The
length jof each bit cell shall be 36 T, where T corresponds to the length of a CGhannel bit in the Recordable

Example of data-bit stream

\ o ¥
Average ~
&

Groove- 4= —mimim e e Loem .

centre \ A&f /—

Figure 60 — Biphase modulated HFM Groove

15.5.483 Frame Sync
Each Recording Frame starts with @ .Synchronization pattern equivalent to 8 data bits. The ffirst 4 bits are
replacgd by 4 bit cells with a special’pattern that violates the normal Biphase encoding rules (see Figure 61:
two pogsible patterns depending.on the initial phase).

Sync pattern

A
\

Data Sync body Sync identification Data
_> <_

» | <
» | €

A
Y

¢ - - - IDo ID1 1D, Parity

RERRRRR

\ I I I

1 1}0 O|1 O|]O0O 1|1 x|1 x|1 x|1 x |1

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

Sync number IDo

IDy ID2

Parity

FSO

0

FS1

FS2

FS3

FS4

ESS

By means of
Recording Fra
15.5.3.5).

The 31 succe
patterns (see &

The other Syn

Rk P|IO|O|O|O

FS6

ROk |Fk|IO|O
Ol Ok |O[Fk|O

O|IPIFR[O|F|F

Figure 62 — Sync identification

he PIC BIS column, the 248 rows of a PIC Cluster can be divided inte eight groups of 31
mes, where each group of Recording Frames carries an address in itsfirst nine rows (see

5sive Recording Frames of each such group are identified by™~a special sequence df Sync

Iso 13.17.4). The first Recording Frame of each group has thé-unique Sync pattern FSO.

patterns are mapped as specified in Figure 63.

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

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FS6
7 £S1 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 63 — Mapping of Sync patterns on PIC Recording Frames
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15.6 Track layout of Wobbled Groove(s)

15.6.1

General

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

The Nominal Wobble Length NWL (equivalent to 69 Channel bits) shall be 5,140 5 ym + 0,005 pym for a disk
with a User Data capacity of 25,0 GB per layer, averaged over the Recordable Areas.

This corresponds to a fundamental frequency fwon = 956,522 kHz at the Reference Velocity.

15.6.2

15.6.2.

The ba

“Monotone Wobbles” (MW).

Some

—  the

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

In the
modulg

Both

15.6.2.
MSK-c
An MS
in Figu
—  the
—  thq

—  the

Modulation oT wobbles

1 General

sic shape of the wobble is a cosine wave: cos(21 x fwon X t). Wobbles withithis basic sh

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

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

ted by MSK-cos only and NOT by HMW.

odulation methods shall represent ADIP information as defined in 15.7.

P MSK-cos modulation

K Mark consists of three Nominal'Wobble Lengths NWL with the following wobble patter
(e 64:

b first NWL starts the MSK Mark with a cosine wobble with a frequency = 1,5 X fyob;
e second NWL continues the MSK Mark with a cosine wobble with a frequency = fwob;

p third NWIZterminates the MSK Mark with a cosine wobble with a frequency = 1,5 x fyop

Ds modulation is applied by replaCing three consecutive Monotone Wobbles by one MS

ape are called

Protection-Zone 3 Area in the Outer Zone(s) (seevClause 16 and 20.2.10) the Giroove shall be

bK Mark (MM).
s as indicated
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wobble:
—cos(2mr xf,, xt)
3\}2&?;5 wobble: " wobble:
/ +cos[2m x (15 x T, )xt] —cos[2m x (15 xf,, )xt]
inner side \4 v v

of disk
A

“———r|— ([ —>

\/

outersidg¢ | «—» | «—>» |«

of disk

15.6.2.3 HM

HMW modulat

of Saw-Tooth

wave of twice fhe frequency.

cos(21r x {

Such a combi

represents a fi

where the “+”

ZERO (see Fig

78

+C

inner side

of disk
A

N \
iy g

TRV RVIEN

VIV IV NV Y Y

— | ———>

'\V\ MSK Mark (MM) /V/'

Monotone wobbles (MW): +cos(2r xf,, x t)

Figure 64 — Definition of MSK Mark (on Groove)

WV modulation

Wobbles (STW). A Saw-Tooth Wobble is formed“by combining the basic cosine with

ob X 1) xa xsin[21 x (2 x fyop) x t]in which a = 0,25

hation of a cosine with the fundamental frequency and a certain amount of second hg
st-order approximation of a saw-togth-wave. The “+” or “~" sign creates a left or right inc
5ign is used to represent the bit value ONE and the “~" sign is used to represent the b
ure 65).

)S(ZTT xf xt)+a><Sin[217 x(fowob)xt] + COS(ZIT xf xt)—a><sin[2rr X (2><fwob)><1

wob

ONE ¢ ¢ ONE ZERO * * ZERO

i » < » |«

A
A
A
A

on is applied by replacing a number of consecutive #anotone Wobbles with the same number

a sine

rmonic
ination,
t value

[—

\
outer side

of disk

< »
< »

4 1 t 4
wambles T SawToothW

Monotone wobbles (MW): +COS (27-,- xf, x t)

Figure 65 — Definition of Saw-Tooth Wobbles (on Groove)
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15.6.3 Wobble polarity

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

15.7 ADIP information

15.7.1 General

Data tp be recorded onto the disk shall be aligned with the ADIP addresses modulated-|in the wobble.
Therefpre 56 NWLs shall correspond to 2 Recording Frames (see 13.16). Each group,afi sugh 56 NWLs is
called an ADIP Unit (see Figure 66).

2 Recording Frames
<———————1 932 Channel bits ¥ 932 Channel bits ———
Sync Data Sync Data
=95 > 4=~95 >
wobbles wobbles
one ADIP Unit
56.NWLs

Figure.66 — General ADIP structure

15.7.2 |ADIP-Unit Types

By ins¢rting MMs into the 56 NWLs of an ADIP Unit with unique distances between adjacent [MMs, different
types df ADIP Units can be.created.

The ADIP Units representing a data bit are additionally modulated with STWs.
Furthermore a reference STW Unit is defined. Each type of ADIP Unit starts with an MM.

The following,types of ADIP Units are defined (see Figure 67).

M natonallait: concictina ~Af ~Ana MM fallonand by, E2 NAI
OTroToTT e ot COToSTStT g OT OTC vV TOmoOvWCe OOy - oI vivy O

Reference Unit: consisting of one MM followed by 15 MWs, 37 STWs and one MW
Sync_0 Unit: consisting of one MM followed by 13 MWs, one MM, 7 MWs, one MM and 27 MWs
Sync_1 Unit: consisting of one MM followed by 15 MWs, one MM, 7 MWs, one MM and 25 MWs
Sync_2 Unit: consisting of one MM followed by 17 MWs, one MM, 7 MWs, one MM and 23 MWs
Sync_3 Unit: consisting of one MM followed by 19 MWs, one MM, 7 MWs, one MM and 21 MWs
Data_x Unit: with x representing 1 or 0:
Data_1 Unit: consisting of one MM followed by 9 MWs, one MM, 3 MWs, 37 STWs and one MW
Data_0 Unit: consisting of one MM followed by 11 MWSs, one MM, one MW, 37 STWs and one
MW
The 4 Sync Units are used for synchronization purposes while the Data_1 Unit is used to represent the bit
value ONE, and the Data_0 Unit is used to represent the bit value ZERO.
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NWL 0..3.. 18 -. .55
Monotone Unit [ EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Reference Unit I T T T T T T TTTTTTT T NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRN]]
Sync_0 Unit -IIIIIIIIIIII1IIII-IIIIIIIIIIIIIIIIIIIIIIIII ]
Sync_1 Unit [ EEEEEEEEEEEEEE EEEEEE SEEEEEEEEEEEEEEEEEEEEEEEE
Sync_2 Unit | HEEEEEEEEEEEEEEEEE SEEEEEE $SEEEEEEEEEEEEEEEEEEEEEEE
Sync_3 Unit [ EESESEESEESEEEEEEEE SEEEEEE $SEEEEEEEEEEEEEEEEEEEEE
Data_0 Unit I TTTTTTTTT7 7 e NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRN[]
Data_1 Unit N (T T T TN T (ANANAANANANAAAAAAAAAAAAAAAAAAAAAAAAAA]

B \vISK Mark
O Monotone Wobble
N saw-Tooth Wobble representing ZERO  [4 Saw-Tooth Wobble representing ONE
Figure 67 — ADIP-Unit Types
15.7.3 ADIP word structure

83 ADIP Units
498 Recording

Each ADIP wo|

rd shall be constructed as indicated in Figure 68.

are grouped into one ADIP word. This means that 3 ADIP words*correspond to 3 x 83 x 2 =
Frames, which is equivalent to one Recording-Unit Block (RUB)-(see 14.2).

80
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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 Monatone e
7 Sync_3 -
8 Reference
9 Data_x b3
10 Data_x b2
11 Data_x b1 co
12 Data_x bo
13 Reference
14 Data_x b
15 Data_x b2
16 Data_x b1 o
17 Data_x bo
18 Reference
8+ix5 Réference
9+ix5 Data.x bz
10+ix5 Data-x b
11+ix5 Data_x b1 ¢
12+ix5 Data_x bo
78 Reference
79 Data_x bs
80 Data_x b
81 Data_x by C14
82 Data—x 15

Figure 68 — ADIP word structure
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15.7.4 ADIP data structure

15.7.4.1 General

Each ADIP word contains a total of 60 bits, which form 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, ng to ng, as defined in the array of Figure

69.

Nibble b3 b b1 bo
No AA23 AA22 AA21 AA20 || T
N1 AATY JAVAVRS] : : B nibbles  ADIP
: : : : : address
Ns AA3 : : AAO J
N AX11 : : : 0
: : : : : 3 nibbles AUX data
Ns AX3 : : AXO J

Figure 69 — ADIP-information structure

The nibbles nd to ng are transcoded to nibbles co to c14 by an error correction_system (see 15.7.5). Because

this error-corrgction system is non-systematic, there is no simple direct relationship between the bitg
information arrpy and the coded bits in the ADIP Unit.

15.7.4.2 ADIP-information bit assignments

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

The first addrgss in the lformation Zone on Layer LO shall be such that the first address in the Datg
which is PAA (2 00.00h, is located at radius 24,0°%, mm.

The last addregsaf the Data Zone on | ayer |0 (I AA) shall be located at a radius <58 1 mm

AA23..AA21: These 3 bits shall indicate the Layer number and shall be set to: 000 on Layer
to 001 on Layer L1. All other settings shall be Reserved.

AA20..AA2: These 19 bits shall contain a sequential number, which shall increase by one afts
3 consecutive ADIP words (synchronized to the RUB'’s, see 14.2).

AAL1,AAOQ: These 2 bhits-shall be set to 00, 01 and 10 consecutively in 3 successive ADIP
corresponding to one RUB. The setting 11 shall not be used.

in the

AA23..AAQ: These 24 hits shall contain the Physical ADIP Address (PAA). AA23 shall be the misb and
AAO shall pe the Isb. This address shall consist of'three parts.

LO and

er each

words

Zone,

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

The last address of the Data Zone on Layer L1 (3D FF FEh) shall be located at radius 24,09 mm.

82

AX11..AX0: These 12 bits contain auxiliary information about the disk.
In the Data Zone(s) and the Outer Zone(s) of the disk, the auxiliary bits shall be set to ZERO.

In the Inner Zone(s) of the disk, the auxiliary bits shall be used as follows:
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15.7.4.3 Relation between Physical ADIP Addresses on Layer LO and Layer L1

ISO/IEC 30190:2016(E)

— AX11..AXO0 from 96 consecutive ADIP words (equivalent to 32 RUBs), shall form one ADIP Aux
Frame with 144 bytes.

— The first bits of each ADIP Aux Frame shall be located in an ADIP word with a PAA that is a

multiple of 128 (PAA = XXXX XXXX XXXX XXxX X000 0000).

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

There shall be a fixed relation between the PAAs on Layer LO and Layer L1. The PAAs on Layer LO and Layer
L1 located_at the same radius (hn\/ing the same distance in number of ADIP words from their rnspective Inner

Zone) shall have inverted bits AA20 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
tracking direction. Simultaneously the inverted address bits AA20..AA2 of PAA1 have the sanje relation with
the radjus as the equivalent non-inverted bits on Layer LO.

Layer number

Sequence number

Intra-RUB number

AA1,AA0 = 00,01,10

PAAo on Layer LO AA23 .. AA21 =000 AA20.. AA2 from inner to buter
— AA1,AA0 = 00,01,10
PAA; on Layer L1 AA23 .. AA21 =001 AA20 .. AA2 from outer tolinner

Layer LO First address Last address
0200 00h ..... PAA | LAA

Inner Zone I I I Outer Zone
3D FF FEh .. PAAL| ... FAA

Layer L1 Last address First address

Figure 70 — lllustration of PAA relation between Layer LO and Layer L1

Mathermatically this can be.gxpressed in the following way.

After adding CO 00 01h to PAA,, all 24 bits are inverted resulting directly in the full correspdnding address

PAA:1 d

n Layer L1.

MathematicallysPAA; = PAA,+C0 0001h .

(The agldition of 1 corrects for the order of the intra-RUB numbers, while the addition of CO 00 POh takes care

of the correct Layer number.)

In this way, the last address of Data Zone 1 can be derived as follows: 3D FF FEh = 02 00 00h+CO0 00 01h,

and the first address of Data Zone 1 is: FAA= LAA+C00001h.

© ISO/IEC 2016 — All rights reserved
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15.7.5 ADIP error correction

The error-correction system is a nibble-based, (15,9,7) non-systematic Reed-Solomon (RS) code defined over
the finite field GF(24). The total number of nibbles in a code word is 15, the code words are calculated from 9
information nibbles and the minimum distance of this code is 7.

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

px)=x*+x+1

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

a=0010

The code word, represented by the vector (co C1 .. C13 C14), can be calculated from the information symols ng
to ng with the fpllowing formula:

n;x g1(x)+ng x gy (x)

“e

14 .
X):Z X X14—| _
i=0

where gp(X) is the parent generator polynomial

i=0

13

gp(x):l_ﬂ(x—ai).

i=0

and gV(x) is a ppecific generator polynomial for each symbol AjNi=0 .. 7).
g®(x) is derivgd from the parent generator polynomial gp(X) by removing one of the zeroes zi of gy(x) and
normalizing the result such that g®(zi) = 1. The zero zi to'ke removed is given by the formula below.

zi=a"t

The generator [polynomials are then calculated as follows.
. 510 (x

g0(x)=9LX)

B

9p(x)
X—=Z;

where g®"(x)4 and 8 =g"V[z].

Before recording on the disk, all bits of the nibbles cg to c14 shall be inverted.

Remark 1:

Because the dede—is—hon e\lcfnmnhn an—additional-calculation-is—needed-to—derive-the-information-s lmb0|s

from the corrected code- word symbols after standard RS-decoding.

The information symbols no to n; can be obtained by evaluating the corrected code word C(x) in the zero
corresponding to the information symbol, i.e. by calculating a syndrome.

ni :Si+6 ZC(GI +6): ZCM—j Xa(l+6)><]
j=0

ng is a systematic symbol and can be obtained from C(x) directly by copying symbol co.
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Remark

2:

ISO/IEC 30190:2016(E)

Each information symbol n; corresponds to a zero in the parent generator polynomial gp(x). This Figure 71
gives the corresponding zero factor for each information symbol (note that ng does not have a corresponding

zero).

Symbol Corresponding
zero factor
(x-a%)
(x—a)
(x=a)
(x-a’
(x—a’)
(x-a%)
No (X - C(G)
Ny (x=a’)
N2 (X - (18)
N3 (x—a°
N4 (x — a9
Ns (x — a*?)
Ne (x — a*3)
Ny (x < a%®)

Figure 71 — Corresponding zero factor for each information symbol

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

etc.

In othgr words: prior knowledge of informatioh symbols can increase the Hamming distancg of the code.

Becaus

This ph

e the addresses in the ADIP increase’linearly, such prior knowledge is present.

enomenon can be used for additional checking of the reliability of the decoding resuilt.
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15.8 Disk Information in ADIP Aux Frame

15.8.1 General

The information nibbles from the auxiliary fields of 96 consecutive ADIP words are grouped into frames of
bytes and carry several disk parameters. The nibbles are re-ordered into bytes according to Figure 72.
Several Disk-Information (DI) Aux Frames can be grouped into a DI Block. All Disk-Information Blocks shall

have the same content.
nuB%/tbeer b7 be bs bs b3 b2 b1 bo

d AXTE AXKLO AKX AXKS KT AXKG AXS XA
word1l | word1 | word1l | word1l | word1 | word1l | word1 | word 1,

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

o AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word?2 | word?2 | word?2 | word2 | word?2 | word?2 | word 2™ *word 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

14b AX3 AX2 AX1 AXO0 AX12 AX10 AX9 AX8
word 95 | word 95 | word 95 | word 95 | word 96 | word 96 | word 96 | word 96

148 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word 96 | word 96 | word 96 | word 96 4 word 96 | word 96 | word 96 | word 96

15.8.2 Error g

The DI Aux Fr
such a Long-D
to complete th
the dummy by
P2a7,.L represen

Figure 72 — ADIP Aux\Frame byte ordering

rotection for Disk-Information Aux Frames

hmes are protected by a Long-Distance RS Error-Correction Code according to 13.7. B
istance Code is built up from 248 bytes, 104 dummy bytes (not recorded on the disk) are
b Long-Distance DI Aux Frame code-words (see Figure 73). Bytes eoL .. €103L in 13.7 rej
es (all set to FFh), bytes eiosL ..€215L represent the Disk-Information bytes, and bytes
| the Parity bytes.

bcause
added
bresent

PoisL ..
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DI Block

<

DI Aux Frame DI Aux Frame

1

DI Aux Frame
0

DI Aux Frame
N-1

DI Aux Frame

<— Dummy bytes:
104 bytes added to each DI Aux Frame

7z

96 ADIP words x 12 bits = 144 bytes

1 DI Aux Frame from disk, ————8 >

FFh Disk-Information Unit (112 bytes)

el

arity

15.8.3

15.8.3.

A DI B

216

&

vV,

32—

Long-Distance Error-Correction code-word

Figure 73 — Disk-Information structure and error-ceurection format
Disk-Information data structure

1 General

ock can consist of a multiple of 144-byte Aux DI Frames (see Figure 73). If needed, ad

ditional 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 Ol Aux Frame 0
from PAA 01 B8 00h on Layer LO and from PAA 3E 00 00h on Layer L1.

In Prot
85) the
with a

The 11
shall st

DI Uni
that hal

Byte 2
of DIU

bction-Zone 2 of Layer LO (see Figure 84) and Buffer Zone/OPC1/Buffer Zone of Layer
auxiliary bits can be set to ZERO or can contain DI Aux Frames (such that the sequenc
DI Aux Frame 0 at the addresses specified above).

2 Disk-Information bytes in each DI Aux Frame are called a Disk-Information (DI) Unit
art with 8 bytes, forming the DI-Unit header (see 15.8.3.2).

s can containtdifferent sets of parameters, such as different write strategies. To distin
ve different’definitions for their content, a unique identification of such DI Units is needed

in the*"DI~Unit header, the DI-Format Number, shall be used for this purpose. With this K
nits with different content can be distinguished.

|1 (see Figure
b iS contiguous

. Each DI Unit

guish DI Units

yte, 256 types

If the number of parameters of a single set do not fit in one DI Unit, such a set shall be stored in multiple
consecutive DI Units, in which case bit b; of byte 6 indicates that the next DI Unit in the sequence is a
continuation of the actual one.

Usage of DI Units for write strategy is given in 15.8.3.7.

In future extensions of this International Standard, additional DI Aux Frames may be needed, e.g. to define
higher Recording Velocities and new write strategies. Whenever new DI Aux Frames are added, the existing
ones can still be used if appropriate, and in that way backwards compatibility with existing drives can be
facilitated. Each drive should check all DI Aux Frames present on the disk and, based on the DI-Format
Number (byte 2) and the indicated Recording Velocity (bytes 32 to 35), only use the ones that it is supporting
(see also 15.8.3.7).
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15.8.3.2 General definitions for DI Unit

Each DI Unit shall consist of a header, a body and a footer as depicted in Figure 74.

Byte number Content Number
of bytes
Otol 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 BHUnit-sequence-Aomberi-Bi-Bloek +
6 Continuation flag (1 bit) 1
Number of DI bytes in use in this DI Unit (7 bits)
7 Reserved 1
Body 8 t0 99 DI-Unit content 92
100 to 105 |Disk-Manufacturer ID 6
106 to 108 |Media-Type ID 3
Foote -
109 to 110 |[Time stamp 2
111 Product Revision number 1
Figure 74 —General DI-Unit format
Bytes 0 to 1: Disk-Information identifier
These 2 bytes shall be set to 44 49h, representing the characters “DI".
Byte 2: DI-Format Number
This byte shall identify the content of the DI Unit or DI Unit set (see description [of byte
6).
For disks with BCA code;.the msb of this byte shall be set to ZERO.
For disks without BCA code, the msb of this byte shall be set to ONE.
NOTE The|DI-Format Number only\defines the content of the DI Unit and has no relation with the Class numper and
the Version number as defined in byte '11.
In the future, thi$ International.standard may be extended to allow for new features, such as higher Recording Velogities or
higher data densities. To pfevent backwards-compatibility problems of such newer disks with older drives as much as
possible, a Clasg number(and a Version number have been introduced.
The Class numiber will.be incremented if a BD Layer according to the new specifications should not be accessed by legacy
drives at all, neifherfor reading nor for writing (e.g. to prevent possible damage to the disk or to the drive).

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

The Version number will be incremented if the new specifications imply an extension/change for which no Class-number
update is needed (read compatibility is maintained), but which new specifications will result in a write-compatibility break.
Although such a BD Layer is carrying a higher Version number, it still could contain a DI Unit according to a previously
defined DI Format, if this layer can be recorded according to the write strategy as defined in such DI Unit.

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

By using the Class number and the Version number as described above, backwards compatibility of future disks can be
maximized while still preventing possible damage to disks and drives.
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Each Layer Type (defined by bytes 8 to 10) has its own independent DI-Format numbering. The DI-Format Number is also
an indication for the write-strategy type, which is specified in the DI Unit.

Byte 3: Number of DI Aux Frames in each DI Block / Number of the layer to which this DI
Unit applies
Bits b7 to ba: These 5 bits shall specify the number of DI Aux Frames N in each DI Block (1 <N < 31).
Bits b, to bo: These 3 bits shall specify the number of the Recording Layer to which the
specifications in this DI Unit apply.
Byte 4: Reserved
This byte shall be set to 00h.
Byte 5 DI-Unit sequence number in DI Block

the actual DI Block (0 £ n < N-1).

This byte specifies the sequential DI-Unit number within thexD1 Block.

It shall be set to a number n, where n indicates the actuial number of thq

The sequence of DI Units shall be ordered (see/Figure 75) first accordin
Nominal Recording Velocity (byte 32 to 33);.second within each sequet
with the same Nominal Recording Velocity, according to ascending Laye
3) and third according to the preference of the write strategy (identif
Format Number, but need not be in‘the sequence of DI-Format Numbers).

DI Unit within

g to increasing
ce of DI Units
r number (byte
ed by the DI-

Sequence number Recording Velocity, Layer number Write strategy
0 0 preferred WS
1 alternative W$
: 1 preferred WS
k-1 v alternative W$
k ! preferred WS
: alternative W$
: kel preferred WS
2k-1 alternative W$
2k 0 most preferred WS
Vo > V1
k-1 least preferred WS
V3 > V> 0 .
N-1 etc. etc.

Figure 75 — Example of DI-Block sequence
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Byte 6: Continuation flag / Number of DI bytes in use in this DI Unit
Bit b7: This bit specifies whether 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
ZERQO if the next DI Unit is the start of a new set of parameters, or
ONE if the parameter set in this DI Unit is continued in the next DI Unit (see Figure
76).
Bits bg to Io: These 7 bits shall 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):
Byte 2 = ..
Byte 3 =N/ Layer LO
Byte 5 = n-1
Byte 6, bitb; =0 end of preceding parameter set
2 Byte 2 = x start of actual parameter set
| Byte 3 =N/ Layer L1 :
| Byte 5=n
| Byte 6, bitbh;=1
Byte 2 = x
Pfara[“merflet Byte 3 = N / Layer L1 CON
or Layer Byte 5 = n+1 continuation of actual parameter set
spans 3 DI Units : _
| Byte 6, bit by =1
| Byte 2 = x
| Byte 3 =N/ Layer L1
l Byte 5 = n+2 :
Byte 6, bit by =0 end of actual parameter set
Byte 2 = .. start of next parameter set
Byte 3 = NnJLayer LO
Byte 5=1+3
Byte 6;-bit br = ..
Figure 76 — Example of DI-Unit extension
Byte 7: Reserved
This byte shall be set to 00h.
Bytes 8 to 99: DI-Unit content

Bytes 100 to 105:

90

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

Disk-Manufacturer ID

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

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

Bytes 109 to 110: Time stamp

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

Bits b7 to by of byte 109 plus bits b7 to bs of byte 110 shall form~ong 12-bit binary
number representing the year of production.

Bits bz to bg of byte 110 shall form one 4-bit binary number tépresenting the month of
production.

If the Time stamp is not used, both bytes shall be set 00h.
Byte 1]11: 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 gifferences are
allowed: Product Revision numbers'shall be irrelevant for recorders).

The content of this byte can* be chosen freely by the disk mandfacturer. This
International Standard does not specify the format and the content of thjs byte. It shall
be ignored in interchange.
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15.8.3.3 Definitions for DI format 1 (N-1 write strategy)

The content of the body of DI Units according to format 1 shall be as depicted in Figure 77.

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 1
13 Channel-bit length 1
14 Push-Pull polarity tflag bits 1
15 Recorded-Mark polarity flag bits 1
16 BCA descriptor 1
17 Maximum transfer rate 1
18 to 23 Reserved 6
24 to 31 Data-Zone allocation 8
33 1to 35 Recording Velocities 4
36 to 39 Maximum dc read powers 4
4( to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings 8
56 Twmp Write multi-pulse duration 1
57 to 68 dTiop first-write-pulse start time 12
69 to 92 Tiop first-write-pulse duration 24
93 to 94 T.p last-pulse duration 2
9§ to 97 dTs start time of Space-level 3
9§ to 99 Unused = all 00h 2
100 to 111 DI-Unit footer 12
Figure 77 — Content of Disk Information for DI format 1
Bytes 0 to 1: Disk-Information identifier
See 15.8.3.2.
Byte 2: DI-Format Number
This‘hyte shall be set to 01h for disks with BCA code.
This byte shall be set to 81h for disks without BCA code.
Byte 3: Number of DI Aux Frames in each DI Block / Number of the layer to which this DI
Ynitappties
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
92 © ISO/IEC 2016 — Al rights reserved


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

Byte 7

Bytes 8 to 10:
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This byte shall be set to 62h indicating that the first 98 bytes of the DI Unit are used and
that there is no continuation in the next DI Unit. All remaining bytes of the DI-Unit 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 3 bytes identify the type of the BD Layer to which this DI Unit applies and shall
be set to 42 44 52h, representing the characters “BDR” in each Recordable Layer.

Byte 1fL.: Disk size/Class/Version
Bits b7 to be: These 2 bits specify the disk size. They shall be set to 00, indicating a 120 mm disk.
Bits bs to ba: These 2 bits specify the Class number. The Class numbénidentifies BD} Layers of the
same Layer Type but with different basic specifications.
BD Layers according to this International Standard,shall have these bits et to 00.
Drives that are not familiar with a particular, Class of layers should not a¢cess 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 0001, indicating a layer
according to this International Standard.
Byte 1p: BD structure
Bifs b7 to ba: These 4 bits specify the total number of BD Recording/Recorded Layers pn the disk.
On SL disks they shall be set to 0001, indicating one Recording Layer.
On DL disks they shall be set to 0010, indicating two Recording Layers.
Bits bs to bo: These 4 bits specify the type of BD Recording/Recorded Layer to whigh this DI Unit
applies:
Bits bs to bo shall be set to 0010, indicating a recordable Recording Layet.
Byte 1B: Channel-bit length
Bifs bzto,ba: These 4 bits shall be set to 0000.
Bitstzto-br These—-4bits—speeiy-the-mairdataCharrel-biHength—which—shall-bethe same on all
BD Recording Layers.
They shall be set to
0001: indicating a Channel-bit length of 74,5 nm (25,0 GB per layer),
other settings:  Reserved.
Byte 14: Push-Pull polarity flag bits
Bit b : Each bit bi shall specify the polarity of the Push-Pull signal on Recording Layer Li (see

26.1). They shall be set to
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Byte 15:

Bit b :

ZERO: indicating that the Push-Pull polarity on Layer Li is positive,

ONE: indicating that the Push-Pull polarity on Layer Li is negative.
For Recording Layers that are not present, bit b; shall be set to ZERO.
Recorded-Mark polarity flag bits
Each bit bi shall specify the polarity of the Recorded Marks on Recording Layer Li.

They shall be set to

Byte 16:
Bits b7 to I4:

Bits bz to Ibg:

Byte 17:

Bytes 18 to 23:

ZERO: indicating a Layer Type on which Recorded Marks have~al lower
reflectivity than the Unrecorded Layer (HTL disks),

ONE: indicating a Layer Type on which Recorded MarksChave a |higher
reflectivity than the Unrecorded Layer (LTH disks).

For Recording Layers that are not present, bit bi shall be set to.ZERO.
BCA descriptor
These 4 bits shall be Reserved.
These 4 bits shall indicate the presence of a BEA code on this disk:
0000: indicates that there is no BCAcode,
0001: indicates that BCA codeyis present,
other settings: Reserved:
Maximum transfer rate

This byte specifies. the maximum read transfer rate needed by the Application as a
number n such that

n = maximum read transfer rate in Mbit/s (n < 255; M = 106),
n shall be_set to 00h, indicating no maximum transfer rate is specified
Reserved

These bytes shall all be set to 00h.

Bytes 24 to 3E

Bytes 24 to 27:

Bytes 28 to 31:

94

Dot =z Ll 1
Uata-utic arooatiutt

These bytes specify the first Physical ADIP Address of the Data Zone of the related
layer.

In each DI Unit relating to Layer LO these bytes shall be set to 00 02 00 00h, indicating
PAA 131 072 as the first PAA of Data Zone O.

In each DI Unit relating to Layer L1 these bytes shall be set to a value FAA, which shall
be 00 26 B1 80h for a disk with a User-Data capacity of 25,0 GB per layer, indicating
FAA as the first PAA of Data Zone 1.

These bytes specify the last Physical ADIP Address of the Data Zone of the related
layer.
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Bytes 32 to 35:

Byte 32 to 33:
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In each DI Unit relating to Layer LO these bytes shall be set to a value LAA, which shall
be 00 19 4E 7Eh for a disk with a User-Data capacity of 25,0 GB per layer, indicating
LAA as the last PAA of Data Zone O.

In each DI Unit relating to Layer L1 these bytes shall be set to 00 3D FF FEh, indicating
PAA 4 063 230 as the last PAA of Data Zone 1.

Recording Velocities

These bytes specify the Nominal Recording Velocity, to be used with the parameters as
defined in this DI Unit, as a 2-byte binary number (byte 32 is MSB).

It shall specify the Nominal Recording Velocity as a number n such that

Byte 34:

Byte 35:

Bytes B6 to_39:

n =100 X Vnom
n shall be equal to

01 ECh to indicate a Nominal Recording Velocity of 492 m/s,

or:
03 D7h to indicate a Nominal Recording Velogity of 9,83 m/s,

This byte specifies the Maximum Recording<Velocity, to be used with the|parameters as
defined in this DI Unit.

It shall specify the Maximum Recording Velocity as a number n such that
N =100 X Vmax / Vinom (N = 100).

Here n shall be equal to 64h to indicate a Maximum Recording Velocity equal to the
Nominal Recording Velocity.

This byte specifiesithe Minimum Recording Velocity, to be used with the |parameters as
defined in this. DI Unit).

It shall specify the Minimum Recording Velocity as a number n such that
= 100 X Vmin /Vnom (n < 100)

Here n shall be equal to 64h to indicate a Minimum Recording Velocily equal to the
Nominal Recording Velocity.

Maximum dc read power

The maximum read power is defined as the maximum optical power ofn the Entrance

Byte 36:

Bytes 37 to 39:

surface of the disk, at which at least 10° successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.3 shall be
greater than or equal to the read powers defined in 30.6. By default, the powers defined
in 30.6 shall be used.

This byte shall specify the maximum dc read power P; at the Reference Velocity, in
milliwatts, as a number n such that

n =100 x P;.
These bytes each shall specify the maximum dc read power P,, at a read velocity

corresponding to the Nominal Recording Velocity, as defined in byte 32 and 33 of this
DI Unit, in milliwatts, as a number n such that
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n =100 x P,.

NOTE For reading at lower velocities than the lowest specified velocity, a reduction of the read power might be
necessary to guarantee stability of the recordings on the disk.

Bytes 40 to 43:

Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power on the Entrance
surface of the disk, at which at least 10° successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.3 shall be
greater than or equal to the read powers defined in 30.6. By default, the powers defined
in 30.6 shall be used.

Byte 40:

Bytes 41 t

NOTE For
necessary to gu

Bytes 44 to 47:

Bytes 48 to 55:

Byte 48:

Byte 49:

D 43:

This byte shall specify the maximum HF-modulated read power P, at the Reilerence
Velocity, in milliwatts, as a number n such that

n =100 x P;.
These bytes each shall specify the maximum HF-modulated read power P;, at|a read
velocity corresponding to the Nominal Recording Velocity as ‘defined in byte 32 and 33

of this DI Unit, in milliwatts, as a number n such that

n =100 x P;.

reading at lower velocities than the lowest specified velocity, a reduction of the read power npight be
hrantee stability of the recordings on the disk.

Reserved
These bytes shall all be set to 00h.
Write-power settings

Pio: Pino can be used.aS)a starting value for the determination of Piarger in the OPC
procedure (see Annex/G).

This byte shall specify the indicative value Pinp Of Prarget, in milliwatts, as a number n
such that

n =20 P\p.

mug.mino can be used as a starting value for the determination of Ptaget in the OPC
procedure (see Annex G).

This byte shall specify the modulation at Pip, as determined by the | media
manufacturer, as a number n such that

Byte 50:

Byte 51:

96

n =200 x MiND.

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.

gew: 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 &gw.
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Byte 53:

Byte 54:
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gc: This byte shall specify the cooling/write-peak power ratio &c, used in the OPC
algorithm (see Annex G), as a number n such that

n =200 x &c.

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

n =200 x &s.

k: This byte shall specify the target value for k, used in the OPC procedure (see
Annex G), as a number n such that

Byte 55:

[®2)

Byte 5

Bytes p7 to 68:

n=20 x K.

B: This byte shall specify the target value for 3, used in the altefnative QPC procedure
(see Annex G), as a humber n such that

n =500 x (8 + 0,2).
Twme Write multi-pulse duration

This byte specifies the duration of the second.and higher pulses of the multi-pulse train
of the N-1 write strategy, for recording Marks (see Annex F).

The multi-pulse duration Tye consists, of two contributions: a variable part and a fixed
part (TMP = Tmpvar + TMP,fix)-

The first 4 bits (bits by to ba)ef this byte shall specify the variable part, as a fraction of
the actual Channel-bit clocK period, as an unsigned binary number p such that

T
p=1ex% (0<p<15).
W,

The last 4 bits’(bits bs to bo) of this byte shall specify the fixed part as g fraction of Tx,

where Tx'=)15,15 ns at 1xV,es or Tx = 7,58 ns at 2xV,er. The value is ejpressed as an
unsigned:binary number g such that

Too s
q=16x“"TL'f'X (0<q<15).
X

dTp first-write-pulse start time.

The first 5 bits (bits b7 to bs) of these bytes shall specify the start time of the first pulse

of-the |||u:ti-pu:ac tlaill, of-theN=t—write atlatcgy, fort leUldillU Marks—with run-lengths
of 2T, 3T and = 4T that succeed a Space with a run-length of 2T, 3T, 4T or 2 5T (see
Annex F).

The first pulse start time dTop is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s-complement binary number i such that

16 hop (-14<i<15).

Tw

The last 3 bits (bits b to bo) of these bytes shall be Reserved.
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Bytes 57 to 60:

These bytes specify the start time of the first pulse of the multi-pulse train for recording
Marks with run-lengths = 4T that succeed a Space with a run-length of 2T, 3T, 4T or
25T, relative to the trailing edge of the first Channel bit of the data pulse (positive
values are leading, negative values are lagging; see Annex F).

Byte 57 shall represent the start time of the first pulse for recording Marks with run-
lengths 24T that succeed a Space with a run-lengths =5T.

Byte 58 shall represent the start time of the first pulse for recording Marks with run-
lengths 24T that succeed a Space with a run-length of 4T.

Byte 59 shall represent the start time of the first pulse for recording Marks with run-

Bytes 61 tp 64:

Bytes 65 tp 68:

lengths 241 that succeed a Space with a run-length ot 31.

Byte 60 shall represent the start time of the first pulse for recording Marks with run-
lengths 24T that succeed a Space with a run-length of 2T.

These bytes specify the start time of the first pulse of the multi-pulse ‘train for re¢ording
Marks with run-length of 3T that succeed a Space with a run-length of 2T, 3T} 4T or
25T, relative to the trailing edge of the first Channel bit of.the data pulse (positive
values are leading, negative values are lagging; see Annex.\F).

Byte 61 shall represent the start time of the first pulsefor recording Marks with a run-
length of 3T that succeed a Space with a run-length’=5T.

Byte 62 shall represent the start time of the<first pulse for recording Marks with a run-
length of 3T that succeed a Space with a run-length of 4T.

Byte 63 shall represent the start time, of the first pulse for recording Marks with a run-
length of 3T that succeed a Space with a run-length of 3T.

Byte 64 shall represent the start time of the first pulse for recording Marks with a run-
length of 3T that succeed a-Space with a run-length of 2T.

These bytes specify the-start time of the first pulse of the multi-pulse train for re¢ording
Marks with run-length-of 2T that succeed a Space with run-lengths of 2T, 3T, 4T|or 25T,
relative to the trailing edge of the first Channel bit of the data pulse (positive valjies are
leading, negative values are lagging; see Annex F).

Byte 65(shall represent the start time of the first pulse for recording Marks withl a run-
length\ef 2T that succeed a Space with a run-length 25T .

Byte 66 shall represent the start time of the first pulse for recording Marks with a run-
length of 2T that succeed a Space with a run-length of 4T.

Byte 67 shall represent the start time of the first pulse for recording Marks withl a run-

Bytes 69 to 92:

98

length of 2T that succeed a Space with a run-length of 3T.

Byte 68 shall represent the start time of the first pulse for recording Marks with a run-
length of 2T that succeed a Space with a run-length of 2T.

Tiop first-write-pulse duration.
These bytes specify the duration of the first pulse of the multi-pulse train, of the N-1
write strategy, for recording Marks with run-lengths 2T, 3T and 24T that succeed a

Space with a run-length of 2T, 3T, 4T or =25T. (see Annex F).

The first pulse duration T, consists of two contributions: a variable part and a fixed
part (Tiop= Ttopvar + Ttop,fix)-

© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

Byte f:

ISO/IEC 30190:2016(E)

For each of the byte fields f to f +1, with f = 69, 71, ....91 the following values are

defined:

The first 5 bits (bits by to bs) of this byte shall specify the variable part, as a fraction of

the actual Channel-bit clock period, as an unsigned binary number j such

T
j:lGx—t?I_p'Var (0<j
w

The last 3 bits (bits b to bo) of this byte shall be Reserved.

P il TN Lot

that

Byte-(+1)

Byftes 69 to 76:

Byftes 77 to 84:

Tl £ o + o) £ sl | Py la Ll +£ 4l £ | 4

I TIrot I UIo \UILD U/ U U3} Ul uno U_yl.C 01Aall apculy UuiIc 1TTATU pouL adS
where Tx = 15,15 ns at 1xV,e or Tx = 7,58 ns at 2xV,er. The value is\€X
unsigned binary number k such that

T .
k=16x%ﬂx (0<k<30).

X
The last 3 bits (bits b to bo) of this byte shall be Reserved.

These bytes specify the duration of the first pulse’ of the multi-pulse trai
Marks with run-lengths 24T that succeed a Space with a run-length of
25T (see Annex F).

Byte 69 and 70 shall represent the‘duration of the first pulse for record
run-lengths =4T that succeed a Space with a run-length =5T.

Byte 71 and 72 shall represent the duration of the first pulse for record
run-lengths 24T that succeed a Space with a run-length of 4T.

Byte 73 and 74 shall\represent the duration of the first pulse for record
run-lengths 24T that succeed a Space with a run-length of 3T.

Byte 75 and 76 shall represent the duration of the first pulse for record
run-lengthis 24T that succeed a Space with a run-length of 2T.

These\bytes specify the duration of the first pulse of the multi-pulse trai
Marks with a run-length of 3T that succeed a Space with a run-length o
25T (see Annex F).

Byte 77 and 78 shall represent the duration of the first pulse for recordin
run-length of 3T that succeed a Space with a run-length =5T.

fraction of Tx,
pressed as an

n for recording
2T, 3T, 4T or

ng Marks with

ng Marks with

ng Marks with

ng Marks with

n for recording
2T, 3T, 4T or

g Marks with a

Byte 79 and 80 shall represent the duration of the first pulse for recordin

g Marks with a

Bytes 85 to 92:
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Byte 81 and 82 shall represent the duration of the first pulse for recording Marks with a
run-length of 3T that succeed a Space with a run-length of 3T.

Byte 83 and 84 shall represent the duration of the first pulse for recording Marks with a
run-length of 3T that succeed a Space with a run-length of 2T.

These bytes specify the duration of the first pulse of the multi-pulse train for recording
Marks with a run-length of 2T that succeed a Space with a run-lengths of 2T, 3T, 4T or
25T (see Annex F).

Byte 85 and 86 shall represent the duration of the first pulse for recording Marks with a
run-length of 2T that succeed a Space with a run-length =5T.
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Bytes 93 to 94:

Byte 87 and 88 shall represent the duration of the first pulse for recording Marks with a
run-length of 2T that succeed a Space with a run-length of 4T.

Byte 89 and 90 shall represent the duration of the first pulse for recording Marks with a
run-length of 2T that succeed a Space with a run-length of 3T.

Byte 91 and 92 shall represent the duration of the first pulse for recording Marks with a
run-length of 2T that succeed a Space with a run-length of 2T.

T.p last-pulse duration.

These bytes specify the last-pulse length of the multi-pulse train, of the N-1 write

Byte 93:

Byte 94:

Bytes 95 to 97:

strategy, for recording Marks with run-lengths of 31 and 24T (see Annex F).

The last-pulse duration T p consists of two contributions: a variable part and.a fixed part
(Tie = Tipvar + Tipiix)-

The first 4 bits (bits by to ba) of this byte shall specify the variable part, as a fragtion of
the actual Channel-bit clock period, as an unsigned binary number s such that

T
s=16x% (0<s<15).
w

The last 4 bits (bits bs to bg) of this byte shall speeify the fixed part as a fraction of Tx,
where Tx = 15,15 ns at 1xV,e or Tx = 7,58 ns\at 2xV(er. The value is expressed as an
unsigned binary number t such that

Tos
t:16xLTL"X (0<t<15).
X

This byte shall specify the duration of the last pulse of the multi-pulse train for re¢ording
Marks with run-lengths = 4T (see Annex F).

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

dTs start time'of Space level.
The first.6 bits (bits b7 to by) of these bytes shall specify the start time of the[Space
levelkef'the N-1 write strategy, succeeding the recording Marks with run-lengthg of 2T,

3T.and = 4T (positive values are leading, negative values are lagging; see Annex F).

The start time of the Space level dTs is expressed as a fraction of the actual Channel-
bit clock period as a signed two’s-complement binary number u such that

Byte 95:

Byte 96:

100

dT,

w

u=16x (-24<u<15).

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

This byte shall specify the start time of the Space level, of the N-1 write strategy,
succeeding the recording Marks with run-lengths =24T.

This byte shall specify the start time of the Space level, of the N-1 write strategy,
succeeding the recording Marks with a run-length of 3T.
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Byte 97: This byte shall specify the start time of the Space level, of the N-1 write strategy,
succeeding the recording Marks with a run-length of 2T.

Bytes 98 to 99: Unused
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15.8.3.4 Definitions for DI format 2 (N/2 write strategy)

The content of the body of DI Units according to format 2 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 1
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded-Mark polarity flag bits 1
16 BCA descriptor 1
17 Maximum transfer rate 1

18 to 23 Reserved 6
24 t0 31 Data-Zone allocation 8
33 1to 35 Recording Velocities 4
36 to 39 Maximum dc read powers 4
4( to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings 8
5§ to 57 Twmp Write multi-pulse duration 2
5§ to 61 dTiop first-write-pulse start time 4
64 to 69 Tiop first-write-pulse duration 8
7Qto 73 T.p last-pulse duration 4
74 t0 77 dTs start time of Space-level 4
78 to 99 Unused = all 00h 22
100 to 111 DI-Unit footer 12

Bytes O to 1: Disk-Information identifier
See 15.8.3.2.
Byte 2: DI-Format Number

Byte 3:

Byte 4:

Byte 5:

Byte 6:

102

This byte-shall be set to 02h for disks with BCA code.

This byte shall be set to 82h for disks without BCA code.

Unit applies

Figure 78 — Content of Disk Information for DI format 2

Number of DI Aux Frames in each DI Block / Number of the layer to which this DI

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
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Byte 7

Bytes 8 to 10:
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This byte shall be set to 4Eh indicating that the first 78 bytes of the DI Unit are used
and that there is no continuation in the next DI Unit. All remaining bytes of the DI-Unit
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 3 bytes identify the type of the BD Layer to which this DI Unit applies and shall
be set to 42 44 52h, representing the characters “BDR” in each Recordable Layer.

Byte 1fL.: Disk size/Class/Version
Bits b7 to be: These 2 bits specify the disk size. They shall be set to 00, indicating a 120 mm disk.
Bits bs to ba: These 2 bits specify the Class number. The Class numbénidentifies BD} Layers of the
same Layer Type but with different basic specifications.
BD Layers according to this International Standard, shall have these bits et to 00.
Drives that are not familiar with a particular, Class of layers should not a¢cess the Data
Zone of such layers (neither for reading, ner for writing).
Bits bs to bo: These 4 bits specify the Version number. They shall be set to 0001, indicating a layer
according to this International Standard.
Byte 1p: BD structure
Bifs b7 to ba: These 4 bits specify the total number of BD Recording/Recorded Layers dn the disk.
On SL disks they shall be set to 0001, indicating one Recording Layer.
On DL disks they shall be set to 0010, indicating two Recording Layers.
Bits bs to bo: These 4 bits specify the type of BD Recording/Recorded Layer to whigch this DI Unit
applies.
Bits bs to bo shall be set to 0010, indicating a recordable Recording Layel.
Byte 1B: Channel-bit length
Bifs bzto,ba: These 4 bits shall be set to 0000.
Bitstzto-br These—-4bits—speeiy-the-mairdata—Charnel-biHength—which—shall-bethe same on all
BD Recording Layers.
They shall be set to
0001: indicating a Channel-bit length of 74,5 nm (25,0 GB per layer),
other settings: Reserved.
Byte 14: Push-Pull polarity flag bits
Bit b : Each bit bi shall specify the polarity of the Push-Pull signal on Recording Layer Li (see

26.1). They shall be set to
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Byte 15:

Bit b :

ZERO: indicating that the Push-Pull polarity on Layer Li is positive,

ONE: indicating that the Push-Pull polarity on Layer Li is negative.
For Recording Layers that are not present, bit b; shall be set to ZERO.
Recorded-Mark polarity flag bits
Each bit bi shall specify the polarity of the Recorded Marks on Recording Layer Li.

They shall be set to

Byte 16:
Bits b7 to I4:

Bits bz to Ibg:

Byte 17:

Bytes 18 to 23:

ZERO: indicating a Layer Type on which Recorded Marks have~al lower
reflectivity than the Unrecorded Layer (HTL disks),

ONE: indicating a Layer Type on which Recorded MarksChave a |higher
reflectivity than the Unrecorded Layer (LTH disks).

For Recording Layers that are not present, bit bi shall be set to-ZERO.
BCA descriptor
These 4 bits shall be Reserved.
These 4 bits shall indicate the presence of a BEA code on this disk:
0000: indicates that there is no BCAcode,
0001: indicates that BCA codeis present,
other settings: Reserved:
Maximum transfer rate

This byte specifies. the maximum read transfer rate needed by the Application as a
number n such that

n = maximum read transfer rate in Mbit/s (n < 255; M = 106),
n shall be_set to 00h, indicating no maximum transfer rate is specified.
Reserved

These bytes shall be set to all 00h.

Bytes 24 to 3E

Bytes 24 to 27:

Bytes 28 to 31:

104

Dot =z Ll 1
Ualta-utic arnooatiunt

These bytes specify the first Physical ADIP Address of the Data Zone of the related
layer.

In each DI Unit relating to Layer LO these bytes shall be set to 00 02 00 00h, indicating
PAA 131 072 as the first PAA of Data Zone 0.

In each DI Unit relating to Layer L1 these bytes shall be set to a value FAA, which shall
be 00 26 B1 80h for a disk with a User Data capacity of 25,0 GB per layer indicating
FAA as the first PAA of Data Zone 1.

These bytes specify the last Physical ADIP Address of the Data Zone of the related
layer.
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In each DI Unit relating to Layer LO these bytes shall be set to a value LAA, which shall
be 00 19 4E 7Eh for a disk with a User Data capacity of 25,0 GB per layer, indicating
LAA as the last PAA of Data Zone O.

In each DI Unit relating to Layer L1 these bytes shall be set to 00 3D FF FEh, indicating
PAA 4 063 230 as the last PAA of Data Zone 1.

Recording Velocities

Byte 32 to 33: These bytes specify the Nominal Recording Velocity, to be used with the Parameters
as defined in this DI Unit, as a 2-byte binary number (byte 32 is MSB).
It shall specity the Nominal Recording Velocity as a number n such that
n =100 X Vnom
n shall be equal to
01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s,
or:
03 D7h to indicate a Nominal Recording Velocity of 9,83 m/s.
Byte 34: This byte specifies the Maximum Recording Velocity, to be used with the |parameters as
defined in this DI Unit.
It shall specify the Maximum Recerding Velocity as a number n such that
N =100 X Vimax / Vhoms(R'Z 100).
Here n shall be equal.to 64h to indicate a Maximum Recording Velocity egual to the
Nominal Recording Velocity.
Byte 35: This byte speeifies the Minimum Recording Velocity, to be used with the |parameters as
defined inthis DI Unit.
It shall'specify the Minimum Recording Velocity as a number n such that
N =100 X Vimin / Vnom (N < 100).
Here n shall be equal to 64h to indicate a Minimum Recording Velocity equal to the
Nominal Recording Velocity.
Bytes B6t0 39: Maximum dc read powers

Byte 36 :

The maximum read power is defined as the maximum optical power, on the Entrance
surface of the disk, at which at least 10® successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.4 shall be
greater than or equal to the read powers defined in 30.6. By default, the powers defined
in 30.6 shall be used.

This byte shall specify the maximum dc read power P; at the Reference Velocity, in
milliwatts, as a number n such that

n =100 x P;.
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Bytes 37 to 39:

These bytes each shall specify the maximum dc read power P,, at a read velocity
corresponding to the Nominal Recording Velocity as defined in byte 32 and 33 of this DI
Unit, in milliwatts, as a number n such that

n =100 x P,.

NOTE For reading at lower velocities than the lowest specified velocity, a reduction of the read power might be
necessary to guarantee stability of the recordings on the disk.

Bytes 40 to 43:

Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power on the Entrance

Byte 40:

Bytes 41 t

NOTE For
necessary to gu

Bytes 44 to 47:

Bytes 48 to 55%:

Byte 48:

Byte 49:

surface of the disk,at which—at teast 10%successive Teads cam be apptiedwithout
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.4.ghall be
greater than or equal to the read powers defined in 30.6. By default, the powers ¢efined
in 30.6 shall be used.

This byte shall specify the maximum HF-modulated read-power-P;~at the Reference
Velocity, in milliwatts, as a number n such that

n =100 x P,.
These bytes each shall specify the maximum HF-modulated read-power P, at a fead
velocity corresponding to the Nominal Recording Velocity as defined in byte 32 ahd 33

of this DI Unit, in milliwatts, as a number n suchrthat

n =100 x P;.

reading at lower velocities than the lowest specified” velocity, a reduction of the read power npight be
hrantee stability of the recordings on the disk.

Reserved
These bytes shall be set toyall 00h.
Write-power settings

Pino: Pino can be used as a starting value for the determination of Piarger in the OPC
procedure(see Annex G).

This_byte shall specify the indicative value Pinp Of Prarget, in milliwatts, as a number n
sueh that

n=20 x Pinp.

Minp: Minp €an be used as a starting value for the determination of Piaget in the OPC

Byte 50:

106

procedure (see Annex G).

This byte shall specify the modulation at Pip, as determined by the media
manufacturer, as a number n such that

n =200 x MiND.

p: This byte shall specify the write-power multiplication factor p, used in the OPC
algorithm (see Annex G), as a number n such that

n =100 x p.
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Byte 52:

Byte 53:
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gsw: This byte shall specify the write-bias/write-peak power ratio gsw, used in the OPC

algorithm (see Annex G), as a number n such that
n =200 X gzw.

&c: This byte shall specify the cooling/write-peak power ratio &c, use
algorithm (see Annex G), as a number n such that

n =200 x &c.

d in the OPC

&s: This byte specifies the Space/write-peak power ratio €s, used in the OPC algorithm

(see Annex G), as a number n such that

Byte 54:

Byfte 55:

Bytes p6 to 57:

Byte 56:

Byfte 57

n =200 x &s.

k: This byte shall specify the target value for k, used in the, OPC ¢
Annex G), as a number n such that

n=20 x K.

B: This byte shall specify the target value for 8, used’in the alternative
(see Annex G), as a number n such that

n=>500 x (8 +0.2).
Twme Write multi-pulse duration

These bytes specify the durationof the second and higher pulses of
train, of the N/2 write strategy; for recording Marks (see Annex F).

The multi-pulse duration\Twe consists of two contributions: a variable p
part(Tve = Tvpvar + TnElix).

The first 5 bits (bits b7 to bs) of this byte shall specify the variable part, ¢

fraction of thevactual Channel-bit clock period, as an unsigned binary 1
that

T
pzlex% (0<p<31).
w

The last 3 bits (bits b to bo) of this byte shall be Reserved.

The first 5 bits (bits by to bs) of these bytes specify the fixed part, e
fraction of Tx, where Tx = 15,15 ns at 1xV,e or Tx = 7,58 ns at 2xV(e

rocedure (see

PC procedure

he multi-pulse

art and a fixed

xpressed as a
umber p such

xpressed as a
. The value is

expressed as an unsigned binary number g such that

Bytes 58 to 61:

Toro &
q=16x“_”rL'f'X (0<q<31).
X

The last 3 bits (bits b to bo) of this byte shall be Reserved.
dTwp first-write-pulse start time

These bytes specify the start time of the first pulse of the multi-pulse tr

ain, of the N/2

write strategy, for recording Marks with run-lengths of 2T, 3T, [4T, 6T, 8T], and [5T, 7T,
9T] (positive values are leading, negative values are lagging, see Annex F).
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Byte 58:

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 i such that

dT
i=16x —®  (-16<i<15).
TW

The last 3 bits (bits b to bo) of these bytes shall be Reserved.
The first 5 bits (bits b7 to b3) of this byte shall specify the start time of the first pulse of

the multi-pulse train for recording Marks with run-lengths of [5T, 7T, 9T] relative to the
trailing edge of the first Channel bit of the data pulse (positive values are leading,

Byte 59:

Byte 60:

Byte 61:

Bytes 62 to 69:

nagativiavaliiac ara laaaina: caa Annasy )
regative-valdes-are-taggingsee-ArRex+)-
The first 5 bits (bits b7 to bs) of this byte shall specify the start time of thecfitst gulse of
the multi-pulse train for recording Marks with run-lengths of [4T, 6T, 8T] relative to the
trailing edge of the first Channel bit of the data pulse (positive values are Igading,
negative values are lagging; see Annex F).

The first 5 bits (bits b7 to bs) of this byte shall specify the start time of the first qulse of
the multi-pulse train for recording Marks with a run-length®of 3T relative to the [trailing
edge of the first Channel bit of the data pulse (positive\values are leading, nggative
values are lagging; see Annex F).

The first 5 bits (bits b7 to b3) of this byte shall specify the start time of the first gulse of
the multi-pulse train for recording Marks with-a\run-length of 2T relative to the [trailing
edge of the first Channel bit of the data pulsé (positive values are leading, nggative
values are lagging; see Annex F).

Trop first-write-pulse duration
These bytes specify the duration of the first pulse of the multi-pulse train, of the N/2
write strategy, for recording Marks with run-lengths of 2T, 3T, [4T, 6T, 8T] and [pT, 7T,
9T]. (see Annex F).

The first-pulse duration Tiop consists of two contributions: a variable part and fa fixed
part (Tiop = Ttop,vat H Ttopfix)-

For each ofithe byte fields f to f +1, with f = 62, 64, 66 and 68, the following vallies are
defined:

Byte f: Thesfirst 6 bits (bits b; to by) of this byte shall represent the variable part, expredsed as
afraction of the actual Channel-bit clock period, as an unsigned binary numbel j such
that

T
=t ——{(<——<A46}
TW
The last 2 bits (bits by to bo) of this byte shall be Reserved.

Byte (f +1): The first 6 bits (bits b7 to b2) of this byte shall represent the fixed part, as a fraction of Tx
where Tx = 15,15 ns at 1xVe Or Tx = 7,58 ns at 2xV,e;. The value is expressed as an
unsigned binary number k such that

T .
k=16x—2™  (0<k<46).
Tx
The last 2 bits (bits by to bg) of this byte shall be Reserved.
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Bytes 62 to 63:

Bytes 64 to 65:

Bytes 66 to 67:

Bytes 68 to 69:

ISO/IEC 30190:2016(E)

These bytes shall specify the duration of the first pulse of the multi-pulse train, of the
N/2 write strategy, for recording Marks with run-lengths of [5T, 7T, 9T] (see Annex F).

These bytes shall specify the duration of the first pulse of the multi-pulse train, of the
N/2 write strategy, for recording Marks with run-lengths of [4T, 6T, 8T] (see Annex F).

These bytes shall specify the duration of the first pulse of the multi-pulse train, of the
N/2 write strategy, for recording Marks with a run-length of 3T (see Annex F).

These bytes shall specify the duration of the first pulse of the multi-pulse train, of the
N/2 write strategy, for recording Marks with a run-length of 2T (see Annex F).

Bytes /O to /3:

Byte f:

Byte (f +1):

Byftes 70 to-71:

TLp last-pulse duration

These bytes specify the last-pulse length of the multi-pulse train) of|the N/2 write
strategy, for recording Marks with run-lengths of [4T, 6T, 8T|~and [5T| 7T, 9T]; (see
Annex F).

The last-pulse duration T p consists of two contributions: avariable part gnd a fixed part
(TLp = Tipvar + TP fix).

For each of the byte fields f to f +1, with f = 70, 722 the following values afe defined:
The first 5 bits (bits b; to bs) of this byte shall represent the variable part] expressed as

a fraction of the actual Channel-bit cloek périod, as an unsigned binary pumber s such
that

T
szlax% (0<s<31).
w

The last 3 bits (bits b, to-bo) of this byte shall be Reserved.
The first 5 bits (bits b~ to bs) of this byte shall represent the fixed part, as a fraction of Tx,

where Tx = 15415"ns at 1xV,er or Tx = 7,58 ns at 2xV,er. The value is e{pressed as an
unsigned binary number t such that

Tos
tzlﬁx%‘nx (0<t<31).
X

The last 3 bits (bits b to bo) of this byte shall be Reserved.

These bytes shall specify the duration of the last pulse of the multi-pulse train, of the
N/2 write strategy, for recording Marks with run-lengths of [5T, 7T, 9T] (s¢e Annex F)

Bytes 74to 77:

Tk st ball +& +a <l 41 £+l 1 + 1 £+l [P L& 1
TICotT UyLCQ L TIAIn QlJC\.rIIy aIic uuratult Ul UiIc Taol 'JUIOC JUT U1 1rruita 'JUI e traln, Of the

N/2 write strategy, for recording Marks with run-lengths of [4T, 6T, 8T] (see Annex F).
dTs start time of Space level

The first 6 bits (bits b; to by) of these bytes shall specify the start time of the Space
level, of the N/2 write strategy, succeeding the recording Marks with run-lengths of 2T,
3T, [4T, 6T, 8T] and [5T, 7T, 9T] (positive values are leading, negative values are
lagging, see Annex F).

The start time of the Space level dTs is expressed as a fraction of the actual Channel-
bit clock period as a signed two’s-complement binary number u such that
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dTg

Tw

u=16x (-31<u<15).

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

Byte 74: This byte shall specify the start time of the Space level of the N/2 write strategy
succeeding the recording Marks with run-lengths of [5T, 7T, 9T].

Byte 75: This byte shall specify the start time of the Space level of the N/2 write strategy
succeeding the recording Marks with run-lengths of [4T, 6T, 8T].

Byte 76: This—byte—shal—speciy—the—star—time—efthe—Space—evelofthe—N2—wrte—strategy
succeeding the recording Marks with a run-length of 3T.

Byte 77: This byte shall specify the start time of the Space level of the N/2.write strategy

Bytes 78 to 99:

succeeding the recording Marks with a run-length of 2T.

Unused

110
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The content of the body of DI Units according to format 3 shall be as depicted in Figure 79.

Bytes

Byte 2

Byte 3

Byte 4:

Byte 5:

Byte 6:

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 1
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded Mark polarity flag bits 1
16 BCA descriptor 1
17 Maximum transfer rate 1
18 to 23 Reserved 6
24 to 31 Data-Zone allocation 8
3210 35 Recording Velocities 4
36 to 39 Maximum dc read powers 4
40 to 43 Maximum HF-modulated read powers 4
44 to 46 Reserved 3
47 to 55 Write-power settings 9
56 to 58 dTc cooling-level start time 3
59 to 67 dTop Start time of Tiop level 9
68 to 76 Twop level duration 9
77 Tip last-pulse-level duration 1
78 to 80 dTs start time of Space-level 3
81 to 99 Unused = all 00h 19
100to 111 DI-Unit footer 12

Figure 79 — Cantent of Disk Information for DI format 3
D to 1: Disk-Information identifier
See 15.8.372.

DI<Format Number

This byte shall be set to 03h for disks with BCA code.

This byte shall be set to 83h for disks without BCA code.

Number of DI Aux Frames in each DI Block / Number of the layer to|which this DI

Ynitappties

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
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Byte 7:

Bytes 8 to 10:

This byte shall be set to 51h indicating that the first 81 bytes of the DI Unit are used and
that there is no continuation in the next DI Unit. All remaining bytes of the DI-Unit 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 3 bytes identify the type of the BD Layer to which this DI Unit applies and shall
be set to 42 44 52h, representing the characters “BDR” in each Recordable Layer.

Byte 11: Disk size/Class/Version
Bits b7 to Ibe: These 2 bits specify the disk size. They shall be set to 00, indicating a #20"mm d|sk.
Bits bs to Ia: These 2 bits specify the Class number. The Class number identifies BD Layerg of the
same Layer Type but with different basic specifications.
BD Layers according to this International Standard shall have’these bits set to 0Q.
Drives that are not familiar with a particular Class of\layers should not access the Data
Zone of such layers (neither for reading, nor for writing).
Bits b3 to Io: These 4 bits specify the Version number. They shall be set to 0001, indicating [a layer
according to this International Standard.
Byte 12: BD structure
Bits b7 to Ba: These 4 bits specify the total number of BD Recording/Recorded Layers on the disk.
On SL disks they shall be setto 0001, indicating one Recording Layer.
On DL disks they shallbe set to 0010, indicating two Recording Layers.
Bits b3 to Ipo: These 4 bits specify the type of BD Recording/Recorded Layer to which this DI Unit
applies.
On disks_bits bs to bg shall be set to 0010, indicating a recordable Recording Layegr.
Byte 13: Channel-bit length
Bits b7 to a: These 4 bits shall be set to 0000.
Bits b3 to ez These—-4bits—speeiy-the-mairdataChamnel-biHength—whichshall-bethesame on all
BD Recording Layers.
They shall be set to
0001: indicating a Channel-bit length of 74,5 nm (25,0 GB per layer),
other settings: Reserved.
Byte 14: Push-Pull polarity flag bits
Bit b : Each bit bi shall specify the polarity of the Push-Pull signal on Recording Layer Li (see
26.1). They shall be set to
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ZERO: indicating that the Push-Pull polarity on Layer Li is positive,
ONE: indicating that the Push-Pull polarity on Layer Li is negative.

For Recording Layers that are not present, bit b; shall be set to ZERO.

Byte 15: Recorded-Mark polarity flag bits
Bit b : Each bit bi shall specify the polarity of Recorded Marks on Recording Layer Li. They
shall be set to
ZERO: indicating a Layer Type on which Recorded Marks have a lower
reflectivity than the Unrecorded Layer (HTL disks),
ONE: indicating a Layer Type on which Recorded Marks have a higher
reflectivity than the Unrecorded Layer (LTH disks):
For Recording Layers that are not present, bit bi shall be setjto ZERO.
Byte 1p: BCA descriptor
Bifs b7 to ba: These 4 bits shall be Reserved.
Bits bs to bo: These 4 bits shall indicate the presence ofaBCA code on this disk:
0000: indicates that there is n0.BCA code,
0001: indicates that BCA.code is present,
other settings, Resgérved.
Byte 1: Maximum transfer rate

Bytes [L8 to 23:

Bytes p4\to 31:

This byte specifies the maximum read transfer rate needed by the Application as a
number n such'that

n =.maximum read transfer rate in Mbit/s (n < 255; M = 105).
n shall be set to 00h, indicating no maximum transfer rate is specified.
Reserved
These bytes shall be set to all 00h.

Data-Zone allocation

Bytes 24 to 27:

Bytes 28 to 31:

These bytes specify the first Physical ADIP Address of the Data Zone of the related
layer.

In each DI Unit relating to Layer LO these bytes shall be set to 00 02 00 00h, indicating
PAA 131 072 as the first PAA of Data Zone 0.

In each DI Unit relating to Layer L1 these bytes shall be set to a value FAA, which shall
be 00 26 B1 80h for a disk with a User Data capacity of 25,0 GB per layer, indicating
FAA as the first PAA of Data Zone 1.

These bytes specify the last Physical ADIP Address of the Data Zone of the related
layer.
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Bytes 32 to 35:

Bytes 32 to 33:

In each DI Unit relating to Layer LO these bytes shall be set to a value LAA, which shall
be 00 19 4E 7Eh for a disk with a User Data capacity of 25,0 GB per layer, indicating
LAA as the last PAA of Data Zone 0.

In each DI Unit relating to Layer L1 these bytes shall be set to 00 3D FF FEh, indicating
PAA 4 063 230 as the last PAA of Data Zone 1.

Recording Velocities

These bytes specify the Nominal Recording Velocity, to be used with the Parameters
as defined in this DI Unit, as a 2-byte binary number (byte 32 is MSB).

It shall :pnr‘ify the Nominal Dnr‘nrr‘ling \/nlnr‘if\J/ as anumber nsuchthat

Byte 34:

Byte 35:

n =100 X Vnom
n shall be equal to

01 ECh to indicate a Nominal Recording Velocity of 9,83 m/s)
or:

03 D7h to indicate a Nominal Recording Velocity ©6f,19,68 m/s,
or:

0B 86h to indicate a Nominal Recording/Vélocity of 29,50 m/s.

This byte specifies the Maximum Recording Velocity, to be used with the paramdters as
defined in this DI Unit.

It shall specify the Maximum Recording Velocity as a number n such that
N =100 X Vimax / Vner{ (N = 100).

Here n shall be equal to 64h to indicate a Maximum Recording Velocity equal to the
Nominal Recording/Velocity.

This byte specifies the Minimum Recording Velocity, to be used with the parameters as
defined in this DI Unit).

It shall'specify the Minimum Recording Velocity as a humber n such that

n= 100 X Vmin /Vnom (n < 100)

Here n shall be equal to 64h to indicate a Minimum Recording Velocity equal to the

Bytes 36 to 39:

Byte 36 :

114

Nominal Recording Velocity.
Maximum dc read powers

The maximum read power is defined as the maximum optical power on the Entrance
surface of the disk, at which at least 10 successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.5 shall be
greater than or equal to the read powers defined in 30.6. By default, the powers defined
in 30.6 shall be used.

This byte shall specify the maximum dc read power P; at the Reference Velocity, in
milliwatts, as a number n such that
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n =100 x P,.

These bytes each shall specify the maximum dc read power P,, at a read velocity
corresponding to the Nominal Recording Velocity as defined in byte 32 and 33 of this DI
Unit, in milliwatts, as a number n such that

n =100 x P,.

NOTE For reading at lower velocities than the lowest specified velocity, a reduction of the read power might be
necessary to guarantee stability of the recordings on the disk.

Bytes 40 to 43:

Maximum HF-modulated read powers

Byfte 40:

Byftes 41 to 43:

The maximum read power is defined as the maximum optical powerjen the Entrance
surface of the disk, at which at least 10° successive reads can-be dpplied without
degrading the recorded signals (see 30.6). Maximum read powers;in 15.8.3.5 shall be
greater than or equal to the read powers defined in 30.6. By default, the powers defined
in 30.6 shall be used.

This byte shall specify the maximum HF-modulated read power P, at the Reference
Velocity, in milliwatts, as a number n such that

n =100 x P,.
These bytes each shall specify the maximum HF-modulated read powdr P;, at a read
velocity corresponding to the Nominal-Récording Velocity as defined in Ipyte 32 and 33

of this DI Unit, in milliwatts, as a number n such that

n =100 x P;.

NOTE For reading at lower velocities than the Jlowest specified velocity, a reduction of the read jpower might be

necessry to guarantee stability of the recordings on.the disk.

Bytes #4 to 46:

Bytes A7 to 55:

Byte 47 to 48:

Reserved
These bytes shall be set to all 00h.
Write-power settings

Pitp:) Pino can be used as a starting value for the determination of Piager in the OPC
procedure (see Annex G).

These bytes shall specify the indicative value Pinp Of Prarget, in milliwatts, jas a number n
such that

n=20 x Pinp.

Byte 49:

Byte 50:

Bit b7 of Byte 47 is msb and bit by of Byte 48 is Ish.

Mino: Minp €an be used as a starting value for the determination of Ptarger in the OPC
procedure (see Annex G).

This byte shall specify the modulation at Pip, 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
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Byte 51:

Byte 52:

n =100 xp.

&v. This byte shall specify the middle/write-peak power ratio ev, used in the
algorithm (see Annex G), as a number n such that

n =200 x &y.

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

n =200 x &c.

Byte 53:

Byte 54:

Byte 55:

Bytes 56 to 5§:

Byte 56:

Byte 57:

&s: This byte shall specity the Space/write-peak power ratio €s, used In the
algorithm (see Annex G), as a number n such that

n =200 X &s.

OPC

OPC

OPC

k: This byte shall specify the target value for k, used in the. OPC procedute (see

Annex G), as a number n such that

n=20xK.

B: This byte shall specify the target value for 8, used.in’ the alternative OPC procedure

(see Annex G ), as a number n such that
n =500 x (8 +0,2).

dTc cooling-level start time

These bytes specify the cooling-leével start time for writing pulse, of the Castle write

strategy, for recording Marks with, run-lengths of 3T, 4T and 25T (see Annex F).

The first 6 bits (bits b7 to b>)* of these bytes shall specify the start time as a fra¢tion of
the actual Channel-bit cleck period as a signed two's-complement binary number k

such that

dT,

W

k =16x

(-31<k<8).

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

This byte shall specify the start time of the cooling level of the writing pulse,
Castle write strategy, for recording Marks with run-lengths =5T.

This byte shall specify the start time of the cooling level of the writing pulse,

Byte 58:

Bytes 59 to 67:

116

Castle write strategy, for recording Marks with a run-length of 4T.

of the

of the

This byte shall specify the start time of the cooling level of the writing pulse, of the

Castle write strategy, for recording Marks with a run-length of 3T.

dTop Start time of Tip level

The first 5 bits (bits by to bs) of these bytes shall specify the start time of the T, part of
the writing pulse, of the Castle write strategy, for recording Marks with run-lengths 2T,
3T and 24T that succeed a Space with run-lengths of 2T, 3T, or 24T (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 i such that
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dT.
i=16x —® (-16<i <15).
TW

The last 3 bits (bits by to bo) of these bytes shall be Reserved.
These bytes specify the start time of the first pulse of the multi-pulse train for recording
Marks with run-lengths 24T that succeed a Space with run-lengths of 2T, 3T, or 24T
Space, relative to the trailing edge of the first Channel bit of the data pulse (positive
values are leading, negative values are lagging; see Annex F).

Byte 59 shall represent the start time of the first pulse for recording Marks with run-

Byftes 62 to 64:

Byftes 65 to 67:

1 o AT oot ol (ad H1 ] +lo 4T
1C1T IHLI o =T UlAdl oULLTTU A Q'J(;lbc VVILTT A TUTTTICT IHI.II ==1T.

Byte 60 shall represent the start time of the first pulse for recording M
lengths 24T that succeed a Space with a run-length of 3T.

Byte 61 shall represent the start time of the first pulse for ‘recording M
lengths 24T that succeed a Space with a run-length of 27T

These bytes specify the start time of the first pulse.ef.the multi-pulse trai
Marks of a run-length of 3T that succeed a Space with a run-length of
relative to the trailing edge of the first Channglhit of the data pulse (posi
leading, negative values are lagging; see Afnex F).

Byte 62 shall represent the start time-af-the first pulse for recording Ma
length of 3T that succeed a Space with’a run-length 24T.

Byte 63 shall represent the start-time of the first pulse for recording Ma
length of 3T that succeed a Space with a run-length of 3T .

Byte 64 shall represent-the start time of the first pulse for recording Ma
length of 3T that sucgceed a Space with a run-length of 2T.

These bytes specify the start time of the first pulse of the multi-pulse trai
Marks with-arun-length of 2T that succeed a Space with a run-length of
relative to.the trailing edge of the first Channel bit of the data pulse (posi
leading, negative values are lagging; see Annex F).

arks with run-

arks with run-

n for recording
DT, 3T or 24T,
tive values are

rks with a run-

rks with a run-

rks with a run-

n for recording
DT, 3T or 24T ,
tive values are

Byte’65 shall represent the start time of the first pulse for recording Mafks with a run-

length of 2T that succeed a Space with a run-length 24T.

Byte 66 shall represent the start time of the first pulse for recording Ma
length of 2T that succeed a Space with a run-length of 3T.

rks with a run-

Byte 67 shall represent the start time of the first pulse for recording Ma

rks with a run-

Bytes 68 to 76:

length of 2T that succeed a Space with a run-length of 2T.

Twp level duration

These bytes specify the duration of the Tip level of the write pulses, of the Castle write
strategy, for recording Marks with run-lengths 2T, 3T and 24T that succeed a Space
with a run-length of 2T, 3T or 24T (see Annex F).

The first 6 bits (bits b7 to by) of these bytes shall specify the length of the Tiop level, as a
fraction of the actual Channel-bit clock period, as an unsigned binary number j such
that
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Bytes 68 to 70:

j:16mep(os j <46).
TW

The last 2 bits (bits by to bo) of these bytes shall be Reserved.

These bytes specify the duration of the Ty level of the write pulses for recording Marks
of run-lengths 24T that succeed a Space with a run-lengths of 2T, 3T or 24T (see

Annex F).

Byte 68 shall represent the duration of the first pulse for recording Marks wi
lengths 24T that succeed a Space with a run-length 24T.

th run-

Bytes 71 tp 73:

Bytes 74 tp 76:

Byte 77:

Byte 69 shall represent the duration of the first pulse for recording Marks'\w
lengths 24T that succeed a Space with a run-length of 3T.

Byte 70 shall represent the duration of the first pulse for recordingnMarks w
lengths 24T that succeed a Space with a run-length of 2T.

These bytes specify the duration of the first pulse of the multi-pulse train for re
Marks with a run-length of 3T that succeed a Space with ardn-lengths of 2T, 3T
(see Annex F).

Byte 71 shall represent the duration of the first pulse for recording Marks with
length of 3T that succeed a Space with a run-length’/=4T.

Byte 72 shall represent the duration of the/first pulse for recording Marks with
length of 3T that succeed a Space with afun-length of 3T.

Byte 73 shall represent the duration<of the first pulse for recording Marks with
length of 3T that succeed a Space ‘with a run-length of 2T

These bytes specify the duration of the first pulse of the multi-pulse train for re
of Marks with a run-lengthy of 2T that succeed a Space with a run-length of 2T
24T (see Annex F).

Byte 74 shall represent the duration of the first pulse for recording Marks with
length of 2T that succeed a Space with a run-length 24T.

Byte 75¢shall represent the duration of the first pulse for recording Marks with
lengthvof 2T that succeed a Space with a run-length of 3T.

Byte 76 shall represent the duration of the first pulse for recording Marks with
length of 2T that succeed a Space with a run-length of 2T Space.

th run-

th run-

cording
or 24T

a run-

a run-

a run-

cording
, 3T or

a run-

a run-

a run-

Tip last-pulse-level duration

Bytes 78 to 80:

118

This byte specifies the last-pulse-level length of the write pulses, of the Castl
strategy, for recording Marks with run-lengths 24T (see Annex F).

e write

The first 5 bits (bits b7 to bs) of this byte shall specify the length of T.p, as a fraction of

the actual Channel-bit clock period, as an unsigned binary number s such that

s=16xEB(OSSs3n.
TW

The last 3 bits (bits b to bo) of this byte shall be Reserved.

dTsstart time of Space level

© ISO/IEC 2016 — All rights
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The first 6 bits (bits by to b,) of this byte shall specify the start time of the Space level,
of the Castle write strategy, succeeding the recording of Marks with run-lengths of 2T,
3T and 24T (positive values are leading, negative values are lagging; see Annex F).

The start time of the Space level dTs is expressed as a fraction of the actual Channel-
bit clock period as a signed two’s-complement binary number u such that

dT,

w

u =16 x (-31<u<15).

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

By,

By

By

Bytes

te 78:

te 79:

te 80:

B1 to 99:

This byte shall specify the start time of the Space level of the writing pulse, of the
Castle write strategy, succeeding the recording of Marks with run-lengths|=4T.

This byte shall specify the start time of the Space level of-the writing pulse, of the
Castle write strategy, succeeding the recording of Marks with~arun-length of 3T.

This byte shall specify the start time of the Space (eyel of the writing pulse, of the
Castle write strategy, succeeding the recording of Marks with a run-length of 2T.

Unused
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15.8.3.6 Write-strategy requirements

The write-strategy requirements for disks according to this specification are depicted in Figure 80.

) Recording Write strategy
Disk type .
Velocity N-1 N/2 Castle
1x Mandatory Optional —
HTL 2X Optional® Optional® Optional
4x — — Mandatory
BX — — l\/Inannmry
1x Mandatory Optional —
LTH 2X Optional® Optional® Optional
4x — — Mandatory
6X — — Mandatory
— Not allowed in this International Standard.
Castle write strategy is allowed for 4x and 6x disks only.
See also Figure 5.
& At least one of the two write strategies shall be present and they shall be-defined
as most-preferred write strategy for compatibility with 2x only devices.

Figure 80 — Write-strategy type reguirements

15.8.3.7 Usdge of DI Units for write strategy

By using the foncept of multiple DI Units, identified by“their DI-Format Number(byte 2), the BD pystem
facilitates the (future) use of disks with different Recarding Velocities and with one, two or more Re¢ording
Layers, while Keeping backwards compatibility in thetbést possible way.

Generally, each different Recording Velocity might need a different write strategy (different set of paranjeters),
which write strategy furthermore can depend-on the applied technology.

o7

Additionally, each Recording Layer might-need a different set of values for the write-strategy parameter

Examples of DI sequence for2x-disks, 4x disks and 6x disks
2x disks

So-called “2x” [disks (applicable Recording Velocities shall be one time the Reference Velocity and twp times
the Reference |[Velocity), can have one (SL disk) or two (DL disk) Recording Layer(s).

These disks shall confain at Teast Z DI Units for each Recording Layer, one confaining the parameters for 1x
Recording Velocity and the other containing the parameters for 2x Recording Velocity (see Figure 81).

Additional DI Units, containing alternative write-strategy parameter sets, may be added in order of preference
(see Figure 75).
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In the DI Unit defining the parameters for 1x Recording Velocity, bytes 32 to 35 are set as follows.
— Bytes 3210 33: These bytes are set to 01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s.

— Byte 34: This byte is set to 64h to indicate a Maximum Recording Velocity equal to the Nominal
Recording Velocity.

— Byte 35: This byte is set to 64h to indicate a Minimum Recording Velocity equal to the Nominal
Recording Velocity.

In the DI Unit defining the parameters for 2x Recording Velocity, byte 32 to 35 are set as follows.

— Bytes 32t033: These bytes are set to 03 D7h to indicate a Nominal Recording Velocity-gf 9,83 m/s.

— Byjte 34: This byte is set to 64h to indicate a Maximum Recording Velocity equal fo the Nominal
Recording Velocity.

— Byte 35: This byte is set to 64h to indicate a Minimum Recording \/elocity equal to the Nominal
Recording Velocity.
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2x disk (DL) with
2x disk (SL) with 1x & 2x N-1 (Layer L0O)
Ix N-1 & 2x N/2 and
write strategy Ix N-1 & 2x N/2 (Layer L1)
write strategy
byte 2: DI-Format Number 1 byte 2: DI-Format Number 1
byte 3: :# of DIs / L# 2/0 byte 3: # of DIs / L# 4/0
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 0 byte 5: sequence # 0
Sb of byte o: 0 msD Of DYTE 6. 0
byte 32 to 35: Velocity 1x byte 32 to 35: Velocity 1x
byte 36 to 85: WS N-1 byte 36 to 85: WS N-1
byte 2: DI-Format Number 2 byte 2: DI-Format Number 1
byte 3: :# of DIs / L# 2/0 byte 3: # of DIs / L# 4/1
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 1 byte 5: sequence # 1
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 2X byte 32 to 35: Velocity 1x
byte 36 to 77: WS N/2 byte 36 to 85: WS N-1
byte 2: DI-Format Number 1 ]
REPEAT byte 3: #0f Dis / L# 40 |
byte 4:¢-- 00h
byte.5: sequence # 2
msb of byte 6: 0
byte 32 to 35: Velocity 2X
byte 36 to 85: WS N-1
byte 2: DI-Format Number 2
byte 3: # of DIs / L# 4/1
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 32 to 35: Velocity 2X
byte 36 to 77: WS N/2
REPEAT
Figure 81 — Example of DI sequence for 2x disks
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Parameters in this International Standard have been defined for so-called “4x” disks (applicable Recording
Velocities shall be one time, two times and four times the Reference Velocity ), which can have one (SL disk)
or two (DL disk) Recording Layer(s) (see Figure 82). Each Recording Layer shall fulfill the write-strategy
requirements as indicated in Figure 80.

These disks shall contain at least 3 DI Units for each Recording Layer, one containing the parameters for 1x
Recording Velocity, one containing the parameters for 2x Recording Velocity one containing the parameters
for 4x Recording Velocity. Additional DI Units, containing alternative write-strategy parameter sets, may be
added in order of preference (see Figure 75).

In the PIrUnit defining the IX recording parameters, bytes 3210 35 are set as follows.

— Bytes 3210 33: These bytes are set to 01 ECh to indicate a Nominal Recording Velecity

— Byte 34: This byte is set to 64h to indicate a Maximum Recording Velocity equal
Recording Velocity.

— Byte 35: This byte is set to 64h to indicate a Minimum Recording Velocity equal
Recording Velocity.

In the DI Unit defining the 2x recording parameters for 2x Recording\Velocity, bytes 32 to 35 arg

— Bytes 3210 33: These hytes are set to 03 D7h to indicate a Nominal Recording Velocity ¢

—  Byjte 34: This byte is set to 64h to indicatea Maximum Recording Velocity equal
Recording Velocity.

— Byte 35: This byte is set to 64h to ‘indicate a Minimum Recording Velocity equal
Recording Velocity.

In the I Unit defining the 4x recording parameters for 4x Recording Velocity, bytes 32 to 35 are

— Byjte 32 to 33: These bytes are set to 07 BOh to indicate a Nominal Recording Velocity d

— Byjte 34: This hyte.is set to 64h to indicate a Maximum Recording Velocity equal
Recording Velocity.

— Byte 35: This byte is set to 64h to indicate a Minimum Recording Velocity equal

Recording Velocity.

bf 4,92 m/s.

fo the Nominal

to the Nominal

set as follows.
f 9,83 m/s.

fo the Nominal

o0 the Nominal

set as follows.
f 19,68 m/s.

o the Nominal

o the Nominal

© ISO/IEC 2016 — All rights reserved
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124

ax disk (SL) with 4x disks (DL) with
1x N—1 & 2% N/2 1x & 2x N-1 & 4x Castle
& 4x Castle (Layer LO) and 1x N-1 & 2x
. N/2 & 4x Castle (Layer L1)
write strategy .
write strategy
byte 2: DI-Format Number 1 byte 2: DI-Format Number 1
byte 3: :# of DIs / L# 3/0 byte 3: # of DIs / L# 6/0
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 0 byte 5: sequence # 0
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 1x byte 32 to 35: Velocity 1x
byte 36 to 85: WS N-1 byte 36 to 85: WS N-1
byte 2: DI-Format Number 2 byte 2: DI-Format Number 1
byte 3: :# of DIs / L# 3/0 byte 3: # of DIs / L# 6/1
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 1 byte 5: sequence # 1
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 2x byte 32 to 35: Velocity 1x
byte 36 to 77: WS N/2 byte 36 to 85: WS N-1
byte 2: DI-Format Number 3 byte 2: DI-Fermat' Number 1
byte 3: :# of DIs / L# 3/0 byte 3: #0f Dis / L# 6/0
byte 4: --- 00h byte 4: - 00h
byte 5: sequence # 2 byte\5:'sequence # 2
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 4x byte 32 to 35: Velocity 2X
byte 36 to 80: WS Castle byte 36 to 85: WS N-1
byte 2: DI-Format Number 2
REPEAT
byte 3: # of DIs / L# 6/1
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 32 to 35: Velocity 2x
byte 36 to 77: WS N/2
byte 2: DI-Format Number 3
byte 3: # of DIs / L# 6/0
byte 4: --- 00h
byte 5: sequence # 4
msb of byte 6: 0
byte-32to-35—Vetucity AX
byte 36 to 80: WS Castle
byte 2: DI-Format Number 3
byte 3: # of DIs / L# 6/1
byte 4: --- 00h
byte 5: sequence # 5
msb of byte 6: 0
byte 32 to 35: Velocity 4x
byte 36 to 80: WS Castle

Figure 82 — Example of DI sequence for 4x disks
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Parameters in this International Standard have been defined for so-called “6x” disks (applicable Recording
Velocities shall be one time, two times, four times and six times the Reference Velocity), which can have one
(SL disk) or two (DL disk) Recording Layer(s) (see Figure 83). Each Recording Layer shall fulfill the write-
strategy requirements as indicated in Figure 80.

These disks shall contain at least 4 DI Units for each Recording Layer, one containing the parameters for 1x
Recording Velocity, one containing the parameters for 2x Recording Velocity, one containing the parameters
for 4x Recording Velocity and one containing the parameters for 6x Recording Velocity. Additional DI Units,
containing alternative write-strategy parameter sets, may be added in order of preference (see Figure 75).

set as follows.
bf 4,92 m/s.

fo the Nominal

to the Nominal

set as follows.
f 9,83 m/s.

fo the Nominal

o the Nominal

set as follows.
f 19,68 m/s.

o the Nominal

o the Nominal

set as follows.

f 29,50 m/s.

In the PI'UNit defining the Ix recording parameters for Ix Recording Velocity, bytes 32 {0 35 are

— Bytes 3210 33: These bytes are set to 01 ECh to indicate a Nominal Recording Velecity

—  Byjte 34: This byte is set to 64h to indicate a Maximum Recording Velocity equal
Recording Velocity.

— Byte 35: This byte is set to 64h to indicate a Minimum Recording Velocity equal
Recording Velocity.

In the DI Unit defining the 2x recording parameters for 2x Recording\Velocity, bytes 32 to 35 arg

— Bytes 3210 33: These hytes are set to 03 D7h to indicate a Nominal Recording Velocity ¢

—  Byjte 34: This byte is set to 64h to indicatera Maximum Recording Velocity equal
Recording Velocity.

— Byte 35: This byte is set to 64h to indicate a Minimum Recording Velocity equal
Recording Velocity.

In the DI Unit defining the 4x recording parameters for 4x Recording Velocity, bytes 32 to 35 arg

— Bytes 3210 33: These bytes are set to 07 BOh to indicate a Nominal Recording Velocity @

— Byte 34: This byte.is set to 64h to indicate a Maximum Recording Velocity equal
Recording Velocity.

— Byte 35: This byte is set to 64h to indicate a Minimum Recording Velocity equal
Recording Velocity.

In the I Unitdefining the 6x recording parameters for 6x Recording Velocity, bytes 32 to 35 are

— Bytes\82t0 33: These bytes are set to OB 86h to indicate a Nominal Recording Velocity @

— Byte 34: This byte is set to 64h to indicate a Maximum Recording Velocity equal to the Nominal
Recording Velocity.

— Byte 35: This byte is set to 64h to indicate a Minimum Recording Velocity equal to the Nominal

Recording Velocity.
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6x disk with 1x N-1 & 2x N/2 &
4x & 6x Castle
write strategy

6x disk with 1x & 2x N-1 & 4x & 6x Castle
(Layer LO) and 1x N=1 & 2x N/2 & 4X & 6X

Castle (Layer L1) write strategy

byte 2: DI-Format Number 1
byte 3: :# of DIs / L# 4/0
byte 4: --- 00h
byte 5: sequence # 0
msb of byte 6: 0
byte 32 to 35: Velocity 1x
byte 36 to 85: WS N-1
byte 2: DI-Format Number 2
byte 3: :# of DIs / L# 4/0
byte 4: --- 00h
byte 5: sequence # 1
msb of byte 6: 0
byte 32 to 35: Velocity 2X
byte 36 to 77: WS N/2
byte 2: DI-Format Number 3
byte 3: :# of DIs / L# 4/0
byte 4: --- 00h
byte 5: sequence # 2
msb of byte 6: 0
byte 32 to 35: Velocity 4x
byte 36 to 80: WS Castle
byte 2: DI-Format Number 3
byte 3: :# of DIs / L# 4/0
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 32 to 35: Velocity 6X
byte 36 to 80: WS Castle

byte 2: DI-Format Number 1 byte 2: MBIl-Formhat Number 3
byte 3: # of Dis / L# 8/0 byte 3: #.0f Dis / L 8/0
byte 4: --- 00h byte @\ 00h
byte 5: sequence # 0 byte\5: sequence # 4
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 1x byte 32 to 35: Velogity 4x
byte 36 to 85: WS N-1 byte 36 to 80: WS Castle
byte 2: DI-Format Number 1 byte 2: DI-Format lumber 3
byte 3: # of DIs / L# 8/1 byte 3: # of DIs / L# 8/1
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 1 byte 5: sequence # 5
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 1x byte 32 to 35: Veloity 4x
byte 36 to 85: WS N-1 byte 36 to 80: WS Castle
byte 2: DI-Format Nuniber 1 byte 2: DI-Format lumber 3
byte 3: # of DIs /o # 8/0 byte 3: # of DIs / L# 8/0
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 2 byte 5: sequence # 6
msh of byte 6: 0 msb of byte 6: 0
byte 82 to 35: Velocity 2X byte 32 to 35: Velogity 6X
byte 36 to 85: WS N-1 byte 36 to 80: WS Castle
byte 2: DI-Format Number 2 byte 2: DI-Format lumber 3
byte 3: # of DIs / L# 8/1 byte 3: # of DIs / L# 8/1
byte 4: --- 00h byte 4: --- 00h
byte 5: sequence # 3 byte 5: sequence # 7
msb of byte 6: 0 msb of byte 6: 0
byte 32 to 35: Velocity 2X byte 32 to 35: Velogity 6X
byte 36 to 77: WS N/2 byte 36 to 80: WS Castle

REPEAT

126

| REPEAT

Figure 83 — Example of DI sequence for 6x disks
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neral 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 i

n the Information Area extending from do to dio. (see 10.8.1 and Figure 16).

The inner part of Inner Zone 0 (Protection-Zone 1 + PIC) shall contain HFM Groove which can carry replicated
information about the disk. The other parts of Inner Zone(s), Data Zone(s) and Outer Zone(s) constitute the
Recordable Area in which the information can be recorded on the Wobbled Groove(s).

16.2 F(I)rmat of Information Zone on Single-Layer disk

For cong

The Infod
Oand a

The Dat
Control
also con

16.3 Format of Information Zone on Dual-Layer disk

The Infg
and an
Zone 1)

Data Zo
contain
and Ou

Informatjon.

17 Lay

The Red
and the
centre o

The Phy
each Zo

istency reasons, the sole Recording Layer on an SL disk is also called Layer LO.

rmation Zone on SL disks is divided in three parts: a Lead-in Zone (part of Inner Zone 0)
|_ead-out Zone (Outer Zone 0) (see Figure 84).

A Zone is intended for recording User Data. The Lead-in Zone_toentains replicated an
nformation and an area for disk and drive testing. The Lead-out.Zone allows for a smoo
tains Control Information.

rmation Zone on DL disks is divided in six parts:-a.lLead-in Zone (part of Inner Zone 0), g
Duter Zone 0 on Layer LO and an Outer Zoné1) a Data Zone 1 and a Lead-out Zone
on Layer L1 (see Figure 84 and Figure 85).

ne 0 and Data Zone 1 are intended foftrecording User Data. The Lead-in Zone and L
replicated and Recordable Control Infermation and an area for disk and drive testing.
er Zone 1 allow for a smoothun-in/runout for their respective layer and also co

out of Recordable Area of Information Zone

ordable Area ofithe’Information Zone is constituted from parts of the Inner Zone(s), the
Outer Zone(s). The starting radii for the Zones indicated in Figure 84 are the nominal
f the first/last Groove Track in those Zones.

sical ADIP Addresses (PAA) shown in Figure 84 are the first/last addresses in the Gro
hes Also the numbers of Physical Clusters (RUBs) that can be recorded per Zone are ind

a Data Zone

l Recordable
th runout and

Data Zone 0
(part of Inner

pad-out Zone
Duter Zone 0
ntain Control

Data Zone(s)
values of the

bve Tracks of
cated.

© ISO/IEC 2016 — All rights reserved

127


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

The values given in the table of Figure 84 are for a disk capacity of 25,0 Gbytes or 50,0 Gbytes.

Nominal First PAA
Descrip- starting of Zone Number
Layer LO tion radius : of Phys.
(mm) Last PAA |Clusters
of Zone
First transition Area ending radius 11,5 mm
Clamping Zone starting radius 11,5 mm
ending radius 16,5 mm
Second transition Area starting radius 16,5 mm
ending radius 21,0 mm
starting radius “wide pitch”
21,0 mm Groove BCA
Protection
-Zone 1 22,2 T
Embossed (First'/AUN =
HFM 00 OD-8E COh |
(HFM PIC 22,512 ; 2120
Groove) tast AUN = | (x4KB)
00 0D A3 FEh)
Protection 01 B‘_‘ 80h )
-Zone 2 23,252 : 224
Lead-in 01 B7 FEh
Zone
01 B8 00h !
(ﬁ’r?;te?f INEG2"| 23289 : 2%6
Zone 0) 01 BB FEh
01 BC 00h
| OPCO | 23,329 : 2 448
\ 01 DB FEh
Information | Information 01 DC 00h
Area Zone TDMA 0 23,647 : 2048
l 01 FB FEh
01 FC 00h
tracking direction Recordable INFO 1 23,961 : 256
01 FF FEh
(Wobbled 24,000 02 00 00h
Groove) Data 181|856
Zone O :
LAA
58,000 LAA + 2h
Lead-out | INFO 3/4 : 268
Zone LAA + 4 30h
7 tAA+432h
Outer DCzZ0 58,017 . 512
Zone 0 LAA + C 30h
Protection LAA + C 32h
-Zone 3 58,049 :

ending radius 58,5 mm

Rim Area

starting radius 58,5 mm |

128

Figure 84 — Layout of Information Zone on Layer LO
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The values given in the table of Figure 85 are for a disk capacity of 50,0 Gbytes.
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Nominal Last PAA
Descrip- ending of Zone Number
Layer L1 tion radius : of Phys.
(mm) First PAA | Clusters
of Zone
ending radius  “wide pitch”
21,0 mm Groove
Protection
o
3E 94 00|
3E 93 FEh
Bz‘gf:]eer 22,512 : 1408
3E(7E00h
8E7D FEh
2048
OPC1 22,740 :
3E 5E 00h
3E 5D FEh
Buffer
Zone 03,067 : 1408
Lead-out 3E 48 00h
Zone 3E 47 FEh
(rlJr?rr]te trnf INFO 27| 53 289 : 256
tracking direction Zone 1) 3E 44 00h
3E 43 FEh
T TDMA 1 23,329 : 2048
) Information 3E 24 00h
Infdrmation Zone 3E 23 FEh
hrea A Reserved| 23,647 : 2048
| 3E 04 00h
3E 03 FEh 256
INFO 1 23,961 :
Recordable 3E 00 00h
(Wobbled 24,000 3D FF FEh
Groove) Data : 381 856
Zonel :
FAA 2
58,000 FAA —2h
INFO 3/4 : 268
FAA — 4 30h
Outer DCZ1 58,017 At 512
Zone 1 ! FAA — C 30h
Protection EAA—GC 32h
Zone 3 58,049

starting radius 58,5 mm

aFAA = LAA + C0 00 01h (see 15.7.4.3)

Figure 85 — Layout of Information Zone on Layer L1
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Physical-Sector numbering

A Cluster contains 32 Physical Sectors, and each Physical Sector contains 2K data bytes. Although their
numbers are not included in the data recorded on the disk, each Physical Sector is associated with a (virtual)
Physical-Sector Number (PSN).

The PSNs increase by one for each successive Physical Sector in the tracking direction of the related
Recording Layer.

The PSN of the first Physical Sector of each Physical Cluster is a multiple of 32.

Bits PS3; to PS27 of the PSN shall be Reserved.

Bits PSys to HS24 of the PSN shall be set to the Layer number.
The first PSNJin the Data Zone 0 is 00 10 00 00h.
The last PSN|in the Data Zone 0 is 8 x LAA + 15, which is 00 CA 73 FFh on a 25,0 GB @nd 50,0 GB djsk.
The first PSNJin the Data Zone 1 is 8 x FAA, which is 01 35 8C 00h on a 50,0 GBrdisk.
The last PSN|in the Data Zone 1 is 01 EF FF FFh.
set to
Layer number PSN
MSB LSB
P plp| |p P P P p Pl [plp P
S sis| |s S S S S s| |s|s S
3 2|12| |2 2 1 1 8 7| |54 0
7 6 5
in Cluster
count
—
Addréss-Unit Number l l i i
YYVYVVY YYVVYVVVYY YYVYVYVYY YVY
A Alal |A A A A
u ulu| |u u U] u S ﬁ ﬁﬁ ﬁﬁ
3 2(2| |2 2 1 1 8 7| |54 1|0
1 7 6
set to
00, 01, 10
consecutively
Y YVVVYYN YVYVYVYY \ A 4 A Vll
Al |AlA AlA A
Al |AIA A|A A ﬁ ﬁ ﬁﬁﬁ
2| [2]2 1|1 1 8 7 2|10
3l 1110 716 5

Physical ADIP Address
Figure 86 — 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).

Finally, a Physical ADIP Address is derived from the PSN/AUN as defined in Figure 86. This PAA identifies
the location on the disk where the data has to be recorded.
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er Zone

18.1 General

On Layer LO the innermost Zone of the Information Zone is called the Lead-in Zone. On Layer L1, the
innermost Zone of the Information Zone is called the Lead-out Zone.

Inner Zone 0 contains an Embossed HFM Area and a Recordable Area. Inner Zone 1 contains an embossed

wobbled

In the EmbossedHFvAreaonrtayert6;al-Grooveshat-beencoded-accordingtothe-formatce;

On Laye
AUN = (

part and a Recordable Area (see Figure 87 and Figure 88).

r LO this encoding shall start at a radius 22,2_%% mm, such that the AUN of the/Afirst ClI
0 OD 85 F4h.

fined in 15.5.

Ister shall be

The addressees shall be continuously increasing as described in 155:3)2, and shall end with

AUN = (

In Proteg¢tion-Zone 1 of Inner Zone 0, the content of the Data Frames can-bée Set to all 00h or it c3
the content in the PIC Zone.

The Pro

In the Permanent Information & Control data (PIC) Zone(s), general information about the dis|
other infprmation can be stored in the Embossed HFM Groove.

In the Recordable Area and the Wobbled Groove Area, (Protection-Zone 1 on Layer L1), all Groo

wobbled

The Red
to store

Also a Zlbne has been reserved where drives can store their own specific information.

0 OD A3 FEh in the last 4K Cluster at the outermost radius of the PIC Zone.

ection-Zone 1 is intended to protect against overwriting ofhe PIC Zone by BCA code.

as defined in 15.6.

ordable Area of the Inner Zone(s) is:used to execute OPC (Optimum Power Control) pr
specific information about the disk, such as Disk Management Information and Contro

n be equal to

and various

ve(s) shall be

bcedures and
| Information.
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Inner Description First PAA Number of Purpose
Zone 0 of Zone | Phys.Clusters
Protection- . .
Zone 1
Embossed PIC . Permanent Information &
HFM Control data Zone
Protection- | o184 80h 224
Reserved 8 01 B8 00h 32 future extension
Reserved 7 01 B8 80h 32 future extension
Reserved 6 | 01 B9 00h 32 future extension
INFO 2 Reserved 5 | 01 B9 80h 32 future extension
PAC 2 01 BA 00h 32 Physical-Ageess Confrol
d DMA 2 01 BA 80h 32 Disk-Management
Recordpble Control Data 2 | 01 BB 00h 32 data information
J Buffer 2 01 BB 80h 32
tracking difection OPC O Test Zone 01 BC 00h 2044 OPC testing
OPC 0 Buffer | 01 DB FOh 4 buffer
TDMA 0 01 DC 00h 2 048 Temporary DM Area
Pre-write Area | 01 FC 00h 32 Drive calibration
Drive Area 01 FC 80h 32 Drive-specific information
Drive Area 01 FD 00h 32 Drive-specific information
Drive Area 01 FD 80h 32 Drive-specific information
INFO 1 Drive Area 01 FE 00h 32 Drive-specific information
DMA 1 01 FE-80h 32 Disk Management
Control Data 1 | QL'FF 00h 32 data information
PAC 1 01 FF 80h 32 Physical-Access Conjrol
(Data ZoneQ) | 02 00 00h

Figure-87,— Inner Zone 0 (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 3E 00 00h 32 Physical-Access Control
Control Data 1 | 3E 00 80h 32 data information
DMA 1 3E 01 00h 32 Disk Management
Drive Area 3E 01 80h 32 Drive-specific information
INFO 1 - - —— ,
Drive Area 3E 02 00h 32 Drive-specific information
Drive-Area 3-52-86h 32 D+ive-spesificrformation
Drive Area 3E 03 00h 32 Drive-specifig.infprmation
Pre-write Area | 3E 03 80h 32 Drive-calibrgtion
Reserved --- 3E 04 00h 2048 future extension
TDMA 1 --- 3E 24 00h 2048 Temporary DM Area
\ Buffer 2 3E 44 00h 32
Ré¢cordable Control Data 2 | 3E 44 80h 32 data informdtion
N DMA 2 3E 45 00h 32 Disk Management
INFO 2 PAC 2 3E 45 80h 32 Physical-Accesg Qontrol
Reserved 5 3E 46 00h 32 future extension
Reserved 6 3E 46 80h 32 future extengion
Reserved 7 3E 47 00h 32 future extension
tracking direction Reserved 8 3E 47.80h 32 future extengion
Buffer 3E 4800h 1 408
OPC 1 Test Zone 3E’5E 00h 2 048 OPC testing
Buffer 3E 7E 00h 1408
\Vobbled Protection-
(Groove Zone 1

Figure 88— Inner Zone 1 (Lead-out Zone)

18.2 Permanent Information'& Control data (PIC) Zone

18.2.1 General

The Pefmanent Information & Control data (PIC) Zone is an Embossed HFM Area with daf
purposep, such as.Bisk Information. If no specific PIC is supplied, all User Data bytes (befor
shall be |set to 00h.’Permanent Information & Control data (PIC) is only present on Layer LO.

18.2.2 Caontent of PIC Zone

a for various
b scrambling)

The PIC Zone shall consist of five repetitions of a PIC-Info Fragment, where each PIC-Info Fragment consists
of 544 PIC Clusters (for a total of 2 720, see Figure 89). The PIC Clusters shall be formatted as described in

15.5.

The PIC-Info Fragments shall start on Layer LO at AUNs: 00 OD 8E COh, 00 0D 93 00h, 00 0D 97 40h,

00 0D 9B 80h and 00 0D 9F COh
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PIC-Info Fragment PIC-Cluster AUN
number number on Layer LO

0 00 OD 8E COh
1 00 OD 8E C2h
IFO 2 00 OD 8E C4h
543 00 0D 92 FEh
0 00 OD 93 00h

IF1 : :
543 00 0D 97 3Eh
0 00 OD 97 40h

IF2 : :
543 00 OD 9B 7Eh
0 00 0D 9B 80h

IF3 : :
543 00 OD 9F BEh
0 00 OD 9F CQh

IF4 : :
543 00 OD A3\FEh

Figure 89 — PIC Zone

The first PIC [Cluster of each Info Fragment shall contain a copy of the Disk-Information Block as confained in
the ADIP Auk Frames (see 15.8.3 and Figure 90). Only the firSt 112 bytes of each Disk-Information Aux
Frame shall |be included (excluding the 32 parity bytes). If.\leSs than 32 DI Units are present, then the

remaining byles up to byte 3 584 shall be set to 00h.

The last 512

(see 18.2.3 anpd Figure 90).
Byte Position
in PIC Cluster Content Number of bytes
Oto 111 DI Unit 0 112
112 to 223 DI Unit 1 112
: : 112 x 28
336010 3471 DI Unit 30 112
3472te 3 583 Reserved 112
3584 to 4 095 EB Data Set 512

All other PIC

134

bytes of the first PIC Cluster of each Info,Fragment shall contain the Emergency-Brake

Figure 90 — First PIC Cluster of each Info Fragment

Clusters shall be Reserved unless otherwise specified by the Application.

data set
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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 upon mutual agreement,
between the disk manufacturer and the drive manufacturer involved, that specific drives require special
actions when handling such disks, e.g. to prevent damage to the disk or the drive. Up to a maximum of 62 EB-
data fields may be applied.

The Emgergency-Brake data shall be implemented as depicted in Figure 91.
Byte number Function Definition Number|of bytes
3584 to 3585 Identifier 2
3586 EB Version
3587 Header Reserved
3588 Listlength
3589t0 3591 Reserved K
3592 to 3593 Drive-Manufacturer ID 2
3594 to 3 595 5 E'?_ y Drive Model 2
3596 to 3597 atal ¢ Firmware Version 2
3598 to 3599 Drive Actions 2
(3584 +i%x8)to(3584+ix8)+1 Drive-Manufacturer ID yd
({584 +ix8) + 210 (3584 +ix 8 +8 | EE " Drive Model 2
(3584 +ix8)+4t0(3584+ix8)+5 (1at<ai LeN)I Firmware Version 2
(3584 +i%x8)+61t0 (3584 +i%8)+7 Drive Actions yd
3584 +N x 8)to (3584 +N x 8) + 1 EB Drive-Manufacturer ID yd
(3p84 + N x 8) + 2t0 (3584 + N x 8) + 3 | Data Field Drive Model 2
(3p84 + N x 8)s*4t0(3584+Nx8)+5 N Firmware Version 2
(3F84+Nx8)+6t0(3584+Nx8)+7 | (N<62) Drive Actions 2
[3 $84 +(N+1) x 8] .
0 [3 584 + (N+1) x 8] + 7 EB Footer Terminator 8
{3584+ {(N+2)y=B81to4095 Ynusetd Reserved 512=MN+2) x 8

Figure 91 — Definition of Emergency-Brake data

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.
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Byte 3 587: Reserved
This byte shall be set to 00h.
Byte 3 588: EB list length N
This byte shall represent the number of EB-data fields.
This byte shall be set to 00h when no EB-data fields are present.

Bytes 3589 to 3 591: Reserved

These bytes shall be set to 00 00 00h.
Bytes (3584|+ix 8)to (3584 +ix8)+1(1=i<N): Drive-Manufacturer ID

The format and the content of these 2 bytes require agreement betwgen the
interchange parties, else these bytes shall be set to all 00h.

Bytes (3584|+ix8)+2to (3584 +ix8)+3(1L<i<N): Drive-Model Number
These 2 bytes represent the Drive-Model Number ,and’ shall be defined by the drive
manufacturer. This International Standard does not specify the format and cgntent of
these bytes. It shall be ignored in interchange.

Bytes (3584|+ix8)+4to (3584 +ix8)+5(1<i<N): Drive-Firmware Version
These 2 bytes represent the Drive-Fitmware Version and shall be defined by the drive
manufacturer. This International Standard does not specify the format and cantent of
these bytes. It shall be ignored indinterchange.

Bytes (3 584(+i x 8) + 6 to (3584 +i x 8) + 7 (1 <.ii& N): Drive-Manufacturer Actions
These 2 bytes represent-the actions to be performed by the drive model to hapdle this
disk. These bytesshall be defined by the drive manufacturer. This Intefnational
Standard does notspecify the format and the content of these bytes. It shall bel ignored
in interchange.

Bytes [3 584|+ (N+1) x 8] to [3(584 + (N+1) x 8] + 7 (0 = N = 62): EB Terminator

These-bytes shall be set to FF FF FF FF FF FF FF FFh to indicate the end of the EB
data:

Bytes [3 584(+ (N+2) x 8] to 4 095 (0 £ N = 62): Reserved

Thaca hviaoc chall ha Dacaryad
eSSty teS—SHamrPge-T<eStrveos

18.3 Recordable Area of Inner Zone 0

18.3.1 Protection-Zone 2

This Zone comprising 224 Physical Clusters starts at PAA 01 B4 80h and is intended to be a buffer Zone for
the transition from the Embossed HFM Area to the Recordable Area (see 15.4.4).
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18.3.2 INFO 2/Reserved 8

This Zone comprising 32 Physical Clusters starts at PAA 01 B8 00h and is Application dependent.

For disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Application.

For disks without BCA code, this Zone shall be recorded all 00h before being shipped.

18.3.3 INFO 2/Reserved 7

This Zone comprising 32 Physical Clusters starts at PAA 01 B8 80h and shall be left unrecorded.

18.3.4 |

This Zor]

18.35 1

This Zor

For disk

For disk

18.3.6 |

This Zome comprising 32 Physical Clusters starts at PAA'01 BA 00h on Layer LO and is intende

for storing Physical-Access Control (PAC) Clustersc(see 21.2). Unused Clusters in this Zong
unrecorded.

18.3.7 INFO 2/DMA 2

This Zope comprising 32 Physical Clusters starts at PAA 01 BA 80h and is intended for usq

Manage

18.3.8 |

This Zome comprising 32 Physical Clusters starts at PAA 01 BB 00h on Layer LO and at PAA

Layer L]

is closed.

18.3.9 |

NFO 2/Reserved 6

e comprising 32 Physical Clusters starts at PAA 01 B9 00h and shall be left unrecorded.

NFO 2/Reserved 5

5 with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Ap

5 without BCA code, this Zone shall be recorded all 00h before being shipped.

NFO 2/PAC 2

ment system. Until the disk:ig_closed (see 22.6), these Clusters shall be left unrecorded.

NFO 2/Control Data 2

| and is intended to store Control Information. Unused Clusters shall be left unrecorded

NFO-2/Buffer 2

e comprising 32 Physical Clusters starts at PAA 01 B9 80h and is Application dependent.

blication.

d to be used
shall be left

by the Disk

BE 44 80h on
until the disk

This Zon

=) nnmpricing 2 Dhycir‘al Clusters starts at PAA 01 BB 80h and shall he left unrecorded

18.3.10

OPC 0/Test Zone

The Test Zone comprising 2 044 Physical Clusters starts at PAA 01 BC 00h and is reserved for testing and/or
OPC procedures. The OPC 0 Area shall be used according to 18.3.11.
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18.3.11 Usage of OPC Areas

18.3.11.1 OPC procedure order

The OPC Areas shall be used consecutively in descending PAA order. The first area used for an OPC
procedure ends at the end of the last PAA. The last usable Physical Cluster of the OPC Area is located at the
first PAA of the OPC Area (see Figure 92).

5 i
O m
M a)
— —
o o
o o
o o
< <
E OPC usage direction < EE
Layer LjO
OPCO 2044 (2043 |2 042 <L mmn e <<- 4 3 2 1 \<
Track direction >
<«——  Track direction
Layer L1
1 2 4 | e AN 2046 |2 0472048
OPC 1 > > >
5 . . fen
L » OPC usage ditéction 2
S v
g %
g i
< 5
< R
Figure 92 — Direction of usage of OPC Area of Layer LO and Layer L1
18.3.11.2 ORC Physical Cluster usage
The length of one ORC’/procedure may be chosen by the drive and is not restricted to an integer nymber of
Physical Clugters/(see Figure 93). The transition between the used and unused OPC Area shall be indicated
by an OPC Nartker. The distance between any two consecutlve OPC Markers shall not exceed 16 Physical
Clusters. In case serted to

fulfill this requwement The OPC Marker shaII have a Iength of at Ieast 868 NWLs (equal to one AUN) and its
modulation shall be such that lgpp/lsn = 0,30.
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Cluster # N -2
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Cluster # N -1 Cluster # N Cluster #P:  Cluster # P + 1

OPC Area

n
»

1
)
1
»id
N

. ’IA
<€ <€

B 4

NNNN

Recording direction —p

v

--Y
y

+\ # 2dO
[+IN # DdO
N # 0dO

Py
L

OP
Clu

18.3.11.

Each Of
Layer L

18.3.12

This Zome comprising 4 Physical Clusters starts at-RAA 01 DB FOh and is intended as a buffen

transitio

18.3.13

This Zor

temporary DM Area.

18.3.14

This Zo

recorded by the first drive that writes on Layer LO and shall contain all 00h.

Drives that write.the INFO 1 / Pre-write Area shall update Pre-write Area flags of the TDDS (see !

T+ # 4PN OdO - { KNS
N # JpYeiN OdO

¢+ # 13N DdO

C #M occupies exactly one Cluster, OPC #M+1 exceeds one Cluster, OPC;#M+2 is sm
Ster.

Figure 93 — Example of position of OPC MarKers

B OPC update in TDMA

PC procedure shall be completed by updating the corresponding “next available PSN of
in the TDDS, see 22.4.4.

OPC 0/OPC 0 Buffer

n from OPC 0 Area to the TDMA 0 Area and'shall be left unrecorded.

TDMA O

e comprising 2 048 Physical Elusters starts at PAA 01 DC 00h and is intended for use a:

INFO 1/Pre-write Area

ne comprising, 32 Physical Clusters starts at PAA 01 FC 00h and all 32 Physical Clug

hller than one

Test Zone on

Zone for the

ters shall be

02.4.4).

18.3.15

INFO 1/Drive Area

18.3.15.

1 General

The use of this Zone, divided into four parts of 32 Physical Clusters each, starting at PAA 01 FC 80h is

optional.

This Zone can be used by drives to store Drive-specific Information, restricted to be used only by the drive that
has created the information. To guarantee that drives can allocate their own information, the following format

shall be

used. These Clusters in this Zone shall be ignored in interchange.
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18.3.15.2 Format of Drive-specific Information

Each Drive-specific Information shall be contained in one 2K Data Frame. The first 128 bytes of such a Data
Frame shall contain a signature of the drive that has created the related Data Frame, according to the
following format:

— 48 bytes for the Manufacturers name, represented by characters from the ISO 646 character set;

— 48 bhytes of additional identification, represented by characters from the ISO 646 character set;

— 32 bytes for a unique serial number of the drive.

The format of the remaining 1 920 bytes of the Data Frame is not defined and can be chosen freely by each
drive designey.

The Drive-spgcific Information of the last 32 drives that have used this option shall be stored in thg newest
recorded Physical Cluster. Each time a new drive is going to write its Drive-specific lnformation in a new
Physical Clugter, the oldest Drive-specific Information located in Data Frame 31 of the last Physical Gluster is
removed, the|content of Data Frames 0 to 30 in the last Physical Cluster are copied into Data Frames 1 to 31
in the new Physical Cluster and the new information is written in Data Frame @’in-the new Physica| Cluster
(see Figure 94). Initially, the Physical Cluster starting at PAA 01 FC 80h shalkbe used to store the Drive-
specific Information.
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Phys. Cluster Data Frame
(Data Frame 0) Manufacturers
drive i name
(Data Frame 1) Onex2K | Additional ID
drive i-1 Sector
32x2K | : Unique Ser. Num.
Drive Area Sectors | :
Recorded (Data Frame 30) Drive-specific
Phys.Cluster drive i-30 Information
Recorddd (Data Frame 31)
Phys.Cllister drive i-31
Last Re¢orded
Phys.Cllister
New Reforded
Phys.Cllister
Unrecorfled (Data Frame 0)
Phys.Cllister new drive
: (Data Frame 1)
drive i
32x2K | :
Sectors | :
(Data Frame 30)
drive i-29
(Data Frame 31)
drive i-30

18.3.16( INFO 1/DMA 1

Figure 94 —\Format of Drive Area (example)

This Zope comprising 32 Physical Clusters starts at PAA 01 FE 80h and is intended for usg by the Disk
Managefment system. Until the disk is closed (see 22.6), these Clusters shall be left unrecorded.

18.3.17 | INFO 1/Control-Data 1

This Zome comprising 32 Physical Clusters starts at PAA 01 FF 00h on Layer LO and at PAA BE 00 80h on
Layer L1 and ishintended to store Control Information. Unused Clusters shall be left unrecorded|until the disk
is closeq.

18.3.18 INFO 1/PAC 1

This Zone comprising 32 Physical Clusters starts at PAA 01 FF 80h on Layer LO and is intended to be used
for storing Physical-Access Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone shall be left

unrecorded.
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18.4 Recordable Area of Inner Zone 1

18.4.1 Buffer

This Zone comprising 1 408 Physical Clusters starts at PAA 3E 7E 00h and shall be left unrecorded.

18.4.2 OPC1

This Zone comprising 2 048 Physical Clusters starts at PAA 3E 5E 00h is reserved for testing and OPC
procedures. The OPC 1 Area shall be used according 18.3.11.

18.4.3 Buffe

This Zone co

18.4.4 INFO

This Zone co

For disks with

For disks with

18.4.5 INFO

This Zone co

18.4.6 INFO

This Zone co

18.4.7 INFO

This Zone co

For disks with

For disks with

18.4.8 INFO

This Zone co

[

mprising 1 408 Physical Clusters starts at PAA 3E 48 00h and shall be left unrecarded.

2/Reserved 8

mprising 32 Physical Clusters starts at PAA 3E 47 80h and is Application dependent.
BCA code, this Zone shall be left unrecorded unless otherwise specified by the Applicat
out BCA code, this Zone shall be recorded all 00h before being shipped.

2/Reserved 7

mprising 32 Physical Clusters starts at PAA 3E, 47.00h and shall be left unrecorded.

2/Reserved 6

mprising 32 Physical Clusters starts atPAA 3E 46 80h and shall be left unrecorded.

2/Reserved 5

mprising 32 Physical Clustefs starts at PAA 3E 46 00h and is Application dependent.
BCA code, this Zoneshall be left unrecorded unless otherwise specified by the Applicat
out BCA code, this Zone shall be recorded all 00h before being shipped.

2/PAC 2

mprising 32 Physical Clusters starts at PAA 3E 45 80h on Layer L1 and is intended to

for storing P

hysical-Access Control (PAC) Clusters (see 21.2). Unused Clusters in this Zone sha

unrecorded.

18.4.9 INFO

2/DMA 2

on.

on.

be used
| be left

This Zone comprising 32 Physical Clusters starts at PAA 3E 45 00h and is intended for use by the Disk

Management

18.4.10

system. Until the disk is closed (see 22.6), these Clusters shall be left unrecorded.

INFO 2/Control Data 2

This Zone comprising 32 Physical Clusters starts at PAA 3E 44 80h and is intended to store Control
Information. Unused Clusters shall be left unrecorded until the disk is closed.

142

© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

18.4.11 INFO 2/Buffer 2

This Zone comprising 32 Physical Clusters starts at PAA 3E 44 00h and shall be left unrecorded.

18.4.12 TDMA1

This Zone comprising 2 048 Physical Clusters starts at PAA 3E 24 00h and is intended for use as a
Temporary DM Area.

18.4.13 Reserved

This ZoeTomprising 2 048 Physicat CIUStErs Starts at PAA 3E 0400 and Shaftbe feftunrecorded.
18.4.14 | INFO 1/Pre-write Area
This Zope comprising 32 Physical Clusters starts at PAA 3E 03 80h and all 32 Rhysical Clugters shall be

recorded by the first drive that writes on Layer L1 and shall contain all 00h. Drives‘that write the INFO 1/Pre-
write Arg¢a shall update Pre-write Area flags of the TDDS (see 22.4.4).

18.4.15( INFO 1/Drive Area
The use|of this Zone, divided into four parts of 32 Physical Clustersg starting at PAA 3E 01 80h is|optional.
This Zone can be used by drives to store Drive-specific Information, restricted to be used only by|the drive that

had cregted the information. To guarantee that drives can allocate their own information, the format specified
in 18.3.15 shall be used. The Clusters in this Zone shall be.ignored in interchange.

18.4.16 | INFO 1/DMA 1

This Zope comprising 32 Physical Clusters starts at PAA 3E 01 00h and is intended for usg by the Disk
Management system. Until the disk is closed\(see 22.6), these Clusters shall be left unrecorded.

18.4.17| INFO 1/Control Data 1

This Zope comprising 32 Physieal Clusters starts at PAA 3E 00 80h and is intended to pstore Control
Informatjon.

Unused |Clusters shall bé left unrecorded until the disk is closed.

18.4.18( INFO 1/RAC1

This Zome caomprising 32 Physical Clusters starts at PAA 3E 00 00h on Layer L1 and is intended to be used
for storipg/Physical-Access Control (PAC) Clusters (see 21.2). Unused Clusters in this Zong shall be left
unrecorded:

19 Data Zone

On an SL disk the Data Zone can contain a total of 381 856 Clusters of User Data, which results in a 25,0 GB
disk.

On a DL disk the Data Zones can contain a total of 763 712 Clusters of User Data, which results in a 50,0 GB
disk.
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20 Outer Zone(s)

20.1 General
On an SL disk, the outermost Zone of the Information Zone functions Lead-out Zone.

On a DL disk, Outer Zone 0 and Outer Zone 1 function as a transition area between the Data Zones on Layer
LO and Layer L1 (see Figure 95 and Figure 96).

Outer Description First PAA Number of Purpose
Zongo of Zone Phys Clusters
Buffer 4 LAA + 2h 32
. INFO 3 DMA 3 LAA + 82h 32 Disk Management
R dhbl Control Data 3 LAA +1 02h 32 data-informatign
ecordable Angular buffer | LAA + 1 82h 76
v DMA 4 LAA + 2 B2h 32 Disk Managemeént
o INFO 4 Control Data 4 LAA + 3 32h 32 data informatign
tracking difection
Buffer 6 LAA + 3 B2h 32 -
DCz0 Test Zone LAA + 4 32h 512 Drive calibration
Protection-Zone | LAA + C 32h
3
Figure 95 — Outer Zone 0/ Lead-out Zone
Outgr Description First, PAA Number of Purpose
Zone|l of Zone Phys.Clusters
- Protection-Zone 3 - -
DCz1 Test Zone FAA — C 30h 512 Drive calibratign
. Buffer 6 FAA — 4 30h 32
R dhol INFO 4 Control Data 4 FAA — 3 BOh 32 data informatign
ecoi fore DMA 4 FAA — 3 30h 32 Disk Management
--- Angular buffer FAA — 2 B0Oh 76
N Control Data 3 FAA — 1 80h 32 data informatign
tracking difection -
INEO 3 DMA 3 FAA — 1 00h 32 Disk Management
Buffer 4 FAA —80h 32
Figure 96 — Outer Zone 1

20.2 Recordable Area of Outer Zone(s)
20.2.1 INFO 3/Buffer 4
This Zone comprising 32 Physical Clusters shall be left unrecorded.

20.2.2 INFO 3/DMA 3

This Zone comprising 32 Physical Clusters is intended for use by the Disk Management system. Until the disk
is closed (see 22.6), these Clusters shall be left unrecorded.
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20.2.3 INFO 3/Control Data 3

This Zone comprising 32 Physical Clusters is intended to store Control Information. Unused Clusters shall be
left unrecorded until the disk is closed.

20.2.4 Angular buffer

This Zone comprising 76 Physical Clusters shall be left unrecorded.

20.2.5 INFO 4/DMA 4

This Zofretomprising 32 Physicat Clusters 15 mtended for use by the Disk Vanagement SyStenT]

is closed

20.2.6 |

This Zope comprising 32 Physical Clusters is intended to store Control Informationy Unused Clu

left unre|

20.2.7 1

This Zor

20.2.8 1

These T
be used

20.2.9

20.2.9.1

The Dri
calibrati
located

(see 22.6), these Clusters shall be left unrecorded.

NFO 4/Control Data 4

corded until the disk is closed.

NFO 4/Buffer 6

e comprising 32 Physical Clusters shall be left unrecorded.

DCZ 0/Test Zone and DCZ 1/ Test Zone

est Zones comprising 512 Physical Clusters arereserved for drive calibrations. The DC
according to 20.2.9.

Jsage of DCZ Area

DCZ procedure order

e-Calibration Zone shall be tised consecutively in descending PAA order. The first arg
bn procedure ends at the~end of the last PAA. The last usable Physical Cluster of the
ht the first PAA of the DCZ Area (see Figure 97).

Until the disk

sters shall be

7 Areas shall

pa used for a
DCZ Area is
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S e
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<
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5;: DCZ usage direction < }
Layer LO —= a
DCZ0 512 |511 (510 | <<-- --- ---- << 4 2 1
Track direction >
<«—  Track direction
Layer L1 g f 5 | g ({4 | >>--n oo >> | 510 | 511 | 512
DCz1
S g
& —» DCZ usage direction ™
N )
! [
; :
: :

Figure 97 — Direction of usage of DCZ Area of Layer LO and Layer L1

20.2.9.2 D(Z Physical Cluster usage
The length of|one calibration procedure may be chosen bysthe drive and is not restricted to an integerf number
of Physical (lusters (see Figure 98). The transition befween used and unused Calibration Areas [shall be
indicated by p Calibration Marker. The distance between any two consecutive Calibration Markers gshall not
exceed 16 Rhysical Clusters. In case a calibration procedure needs more than 16 Physical Clusters,
Calibration Mprkers shall be inserted to fulfill this-requirement. The Calibration Marker shall have a length of at
least 868 NW|Ls (equal to one AUN) and its maodulation shall be such that Igyp/lsn = 0,30.
Cluster #N-2 Cluster#N-1 | Cluster # N Cluster #Pi  Cluster # P + 1 !
s s 7
I 1
DCZ prea 7 -
7. : Z

v

Recording direction

v

' I
DDt
Lol 4

v

C+IN # 19 e|N Uolreiqglied

Z+IN # Yohelqied

T+ # Josiren Yoreaqiied L RSN
T+ # Uorreiqied

I # Jvrep Yonelqifed

W # upljeiqied

Calibration #M occupies exactly one Cluster; Calibration #M+1 exceeds one Cluster; Calibration
#M+2 is smaller than one Cluster.
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Figure 98 — Example of position of Calibration Markers
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20.2.9.3 Update of TDMA

Each calibration procedure performed at any of the DCZ Zones shall be completed by updating the
corresponding next available PSN of Drive-Calibration Zone on Layer Ln in the TDDS, see 22.4.4.

20.2.10 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).
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21 Physical-Access Control Clusters

21.1 General

Physical-Access Control (PAC) Clusters provide a structure on the disk for the exchange of additional
information between interchange parties. PAC Clusters shall be recorded in the INFO 1/PAC 1 Zone and
backup copies shall be recorded in the INFO 2/PAC 2 Zone. All PAC Clusters shall have the same format for

their first 384 data bytes, which constitute the PAC Header.

In the future new PACs can be defined for specific applications/functions.

Drives designed before the introduction date of a new PACs will, in general, not be able to interpr
therefore shall treat such a PAC as a so-called “Unknown PAC”. By obeying standard “Unknown*PA(
defined in the header of the PACs, compatibility problems and unwanted destruction of data for
applications qan be avoided as much as possible.

Drives desigmed after the introduction date of a new PAC can be assumed to be fainiliar with the
application/fupction connected to the new PAC. Such drives can therefore ignore(the “Unknown-PA(
and apply thg rules defined in the “PAC-specific information” fields of the PAC.Fgr such “Known PAC
are no physidal-access restrictions unless specified otherwise in the “PAC-spgcific information” fields.

21.2 Layouft of PAC Zones

On SL disks, |the INFO 1/PAC 1 and INFO 2/PAC 2 Zones each form one area of 32 Clusters availabl
storage of PAC.

On DL disks,|the INFO 1/PAC 1 Zones on Layer LO and Layer L1 form one area of 64 Clusters ava
the storage of PAC, and the INFO 2/PAC 2 Zones on Layer LO and Layer L1 form another area of 64
available for the storage of PAC.

Each PAC Cluster shall be recorded in both Zones INFO 1/PAC 1 and INFO 2/PAC 2, so there will al
two copies ofleach PAC Cluster recorded. A RAC shall always be updated first in the INFO 1/PAC 1 Z
then be copi¢d to the INFO 2/PAC 2 Zonéy-which eases the handling of possible power-down failu
PAC-Update |[Count of the PAC Clustertecorded in the INFO 2/PAC 2 Zone shall be the same as t
Update Count of the PAC Cluster recorded in the INFO 1/PAC 1 Zone.

The status of]all locations in bothinthe INFO 1/PAC 1 and INFO 2/PAC 2 Zones shall be indicated in th
(see 22.4.4) by a 2-bit pattern as follows:

b(n+1),bn Content in PAC location

unrecorded

00 (also to be used if layer not present)

bt it and
Rules”,
specific

specific
C Rules”
s” there

e for the

lable for
Clusters

ways be
one and
fes. The
he PAC-

e TDDS

01 (this bit setting is Reserved)
10 contains an invalid PAC 2
11 contains a valid PAC

a PAC Clusters with status 10 as indicated in the TDDS
are not allowed to be transferred outside the drive
(independent on the setting of bit bo and bz of the
Unknown-PAC Rules)

Figure 99 — Status of PAC locations
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If the PAC Cluster is found to be defective during recording, then the defective Cluster shall be skipped and
indicated as invalid in the TDDS (see Figure 99). A replacement PAC shall be recorded in the next available
Cluster.

If a PAC has to be updated, the new version of the PAC shall be recorded in the next available Cluster and
the previous location containing the old version of the PAC shall be indicated as invalid in the TDDS.

21.3 General structure of PAC Clusters

The User Data of PAC Clusters shall be formatted according to Figure 100. The first 384 bytes constitute the
PAC Header.

Byte position
Data Frame | in Data Frame Content Number of pytes
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4t07 PAC-Update Count 4
0 8to 11 Unknown-PAC Rules 4
0 12 Unknown-PAC Entire_Disk_Flags 1
0 13to 14 Reserved 2
0 15 number of Segments 1
0 16 to 23 Segment_0 8
0 241031 Segment_1 8
0 32 to 263 : 29 x 8
0 264 to 271 Segment_31 8
0 272 to 383 Reserved 112
0 384 Known=PAC Entire_Disk_Flags 1
0 385 to 387 Reserved 3
0 388 to 2 047 PAC-specific information 1660
1 Oto 2 047 PAC-specific information 2048
30 0to 2 047 PAC-specific information 2048
31 Oto 2047 Reserved 2048
Figure 100 — General layout of PAC Clusters
The PAC _ID shall identify the specific type of PAC Cluster.
— If sg¢t to 4953.81h, the PAC Cluster is the IS1 PAC as defined in 21.4.
— If sgt to'49 53 32h, the PAC Cluster is the 1IS2 PAC as defined in 21.4.

Other values for the PAC_ID can be assigned in future releases of this International Standard.

Each new PAC added to the INFO 1/PAC 1 Zone or INFO 2/PAC 2 Zone shall be recorded in the first
available Cluster in these Zones (indicated by status 00 in the TDDS (see Figure 99).

The PAC-format field shall indicate the version nhumber of the specific PAC.
The PAC-Update Count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only, and it shall be incremented by one each

time the current PAC is updated.

The Unknown-PAC Rules shall specify the required actions when the content and use of the PAC are
unknown (i.e. the PAC_ID is not set to a known value). These bytes form a field consisting of 32 individual bits
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(bit b1 shall be the msb of byte 8 and bit by shall be the Isb of byte 11). The actions described below shall be
taken (when the PAC is unknown) for any Cluster contained within the related area (see Figure 101). The
actions described for the User-Data Area shall be taken only within the specified Segments, if Segments have
been defined; else these actions shall be taken for any Cluster contained within the full User-Data Area.

If a drive encounters multiple unknown PACs on one disk, it shall use the OR-function of the Unknown-PAC
Rules (in other words, if one of the PACs excludes an action, the same rule of the other PACs is irrelevant).

Control Mandatory
Area Bits type setting
b31 to b2a Reserved 0000 0000
b3 write =
Reserved 8
b2, read -
b write ONE
Reserved 7 bZl oad
INFO| 2 2 :
b1 write ONE
Reserved 6
bis read -
b ite -
Reserved 5 v wilk
bie read -
Drive Area (part 4) b1s write ZERO
P bis read ZERO
: b write ZERO
Drive Area (part 3) =
biz read ZERO
INFO[1 -
Drive Area (part 2) Baz write ZERO
P b1o read ZERO
Drive Area (part 1) bo write ZERO
P bs read ZERO
TDMA Zones (not including the TDDS; see b write i
22.6.2.1) !
Reserved unless
bs otherwise specified -
by the Application
bs write -
INFO[1,2,3,4 | Control-Bata Zones
ba read -
b3 write -
Data Zones User-Data Area / Segments
b2 read -
b1 write -
INFO[1&2 PAC Cluster
bo read -
“-“ novmandatory setting specified,as well ZERO as ONE can be allowed depending
on specific PAC

Figure 101 — General bit assignments for Unknown-PAC Rules
For all Zones/areas, except the PAC Cluster, the bits have the following meaning.
— Control type = write
— If setto ZERO: indicating that writing in the related Zone/area is allowed.
— If setto ONE: indicating that writing in the related Zone/area shall not be allowed.

— Control type = read
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— Ifsetto ZERO: indicating that reading in the related Zone/area is allowed.
— If setto ONE: indicating that reading in the related Zone/area shall not be allowed.

The meaning of “reading shall not be allowed” in this context is the data content of the Clusters in the related
Area(s) are not allowed to be transferred outside the drive.

For the PAC Cluster, the bits have the following meaning.
— Control type = write

— _If setto ZERO: indicating that re-writing the current PAC Cluster or changing its status bits in the
TDDS is allowed.

— | If set to ONE: indicating that re-writing the current PAC Cluster and changing)its stafus bits in the
TDDS shall not be allowed.

— Control type = read

— | If setto ZERO: indicating that reading and transferring the content of the current Cluster outside
the drive is allowed.

— | If set to ONE: indicating that the content of the current‘PAC Cluster, except for the fjrst 384 bytes
of the first Data Frame, shall not be transferred outside the drive, to be enforced by
setting all bytes not belonging te~the PAC Header to 00h beforg passing the
content of the Cluster.
The Unknown-PAC Entire_Disk_Flags byte specifiescnknown-PAC Rules that cover the entir¢ disk.
— Bitgbs to by: These bits shall be Reserved.

— Bit | bo: This bit shall be set ONE, \ndicating Re-initialization is not possible.

The number of Segments shall specify the total number N (0 < N < 32) of Segments specified fin the current
PAC.

Moreover the total number of Segments defined for all PACs on a disk shall not exceed 32.
D" number of SegmentsinPAC; < 32
ovér allPACs

The Segment_i field shall specify the starting and ending address of a contiguous range of Clugters, called a
Segment.

Segmernits'shall be assigned, starting from Seament_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 2 N, shall be set to all 00h.

— The first 4 bytes of a Segment_i field, if used, shall contain the first PSN of the first Cluster belonging to
the Segment.

— The last 4 bytes shall contain the last PSN of the last Cluster belonging to the Segment.
These Segments shall only be applied to the Unknown-PAC Rules. If overlapping Segments in different PAC

Clusters are encountered, the drive shall apply the OR-function to the related Unknown-PAC Rules in the
overlap areas.
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The Known-PAC Entire_Disk_Flags byte specifies rules for the entire disk in case the drive is able to
interpret the PAC.

— Bits b7 to b;: These bits shall be Reserved.

— Bit bo: This bit shall be set ONE, indicating Re-initialization is not possible

21.4 1S1 and IS2 PAC Clusters

The IS1 PAC and IS2 PAC may be recorded on an Unrecorded disk. When BCA code is not recorded on an
Unrecorded disk, 1S1/1IS2 PAC structures shall be recorded in INFO 1/PAC 1 and INFO 2/PAC 2 before being

shipped. Wher-BEA-code-isrecorded-ananrnrecorded-diskHSIHS2Z PAGC-struetures-shat-retbereeprded.
The layout of|the IS1 PAC and 1S2 PAC Cluster shall be formatted as depicted in Figure 102.
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 8to 11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Elags 1

0 13t0 14 Reserved 2

0 15 number of Segments 1

0 16 to 23 Segment 0 8

0 2410 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

0 385 to 2 047 Reserved 1663

1 0to 2 047 Reserved 2048

31 0to 2 047 Reserved 2048

Figure’102 — General layout of IS1 and 1S2 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 53 32h, representing the characters “1S2” for 1IS2 PAC.
The PAC-format field shall be set to 00h for both PACs, indicating this is a Version 0.

The PAC-Update Count shall be set to 00 00 00 00h for both PACs.

The Unknown-PAC Rules shall be set 00 AA 00 00h for IS1 PAC and shall be set 00 AA 00 CBh for 1S2 PAC.
The Unknown-PAC Entire_Disk_Flags byte shall be set to 01h for both PACs.

The number of Segments shall be set to 00h for both PACs.

The Segment_i fields shall all be set to all 00h for both PACs.

The Known-PAC Entire_Disk_Flags byte shall be set to 01h for both PACs.
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22 Disk Management

22.1 General

Disk Management defines and controls method of recording User Data on the disk.

22.2 Recording Management

The BD Recordable system supports a Sequential-Recording Mode (SRM), which is managed by means of a

Sequent

ial-Recording Range Information (SRRI) structure.

22.2.1 §
The disH

User Dafa shall be recorded sequentially in the direction of increasing addresses.

Informagon about the location and status of the SRR shall be stored in a ‘Sequential-Recq

Informa
(see 22.

The SR

22.2.2 H

During ¢
added i
next ad
complet
the sequ
to the si

When s§
a Physi
each ind
(see 13.

The SR
in the S

bequential-Recording Mode (SRM)

B). On a Recorded disk, the final SRRI is recorded in a Disk-Management Area (DMA).

R shall start at a Cluster boundary and has only one point fromWhere new data can be re

Recording User Data in SRR

has a continuous area, referred to as the Sequential-Recording Ranges (SRR). Inside

the SRR, the

rding Range

on (SRRI) structure. The SRRI shall be recorded in Temporary Disk:Management Areas (TDMAS)

corded

ontinuous sequential recording, User Data, preserted by the host in 2KB Logical Sectors, shall be

mediately after the last-written Sector in thecSRR. However, when the host compute

asks for the

ress available for recording in the SRR, the drive shall return the first PSN of the next—available,
ply-Unrecorded Cluster in the SRR. This address is called the Next-Writable Address (INWA). During

ential recording process, the NWA is dynamically incremented in units of Physical Cluste
ve of the written User Data.

rs, according

pguential recording is terminatediand the size of the User Data is not matching with the boundaries of

al Cluster, the remaining partcof the last Physical Cluster shall be padded with ZERQ

data, where

ividual Data Frame containing Padding data shall be identified by setting its status bits S 1/Saio to 11

D.2.5). The NWA shall point to the first Sector of the next Unrecorded Cluster.

R entry (see 22.4.6.4) contains a Last-Recorded User-Data Address (LRA), indicating t
RR filled with User)Data (non-Padding data) (see Figure 103).

Recorded Physical Cluster

one Sector
—> |«
.
G
L)
:l ” " L | : :
s X
R ded LRA ZERO > NWA
ecordel >l o
User Data padded <— Unrecorded

e last Sector

Figure 103 — Example of last RUB with Recorded User Data and padded ZEROs
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22.2.3 SRR status

An SRR can have one of the following states:

Open:
Closed:

the SRR has a valid NWA and data can be appended;

the SRR does not have an NWA and appending data is not allowed.

The number of Open SRR shall be one. During recording in the DMA of the disk the SRR shall have the status

Closed

22.2.4 Closing SRR

When an Op
one or more
setto 11.

It is not neceq
SRR shall be

22.3 Temporary Disk-Management Areas (TDMA)

22.3.1 Gene

The Recordin
special area i

For an SL dig
TDMA 0 in th
Both TDMA @

In the case o
TDMA 1

Each TDMA
TDMS (see 2
complete TD
22.3.2) shall

All remaining
for all Data F

22.3.2 TDMA
To find out g

Clusters can be padded with all bytes set to 00h and the status bits Sai1/Sai o for all. Data

correct.

al

g-Management Information may need to be updated many-times during use. For this pu
5 available in the Lead-in/Lead-out Zone called the Temporary Disk-Management Area (]

k, this area is located in the Lead-in Zone and called TDMA 0. For a DL disk, there is t
b Lead-in Zone of Layer LO and a second area, called TDMA 1, in the Lead-out Zone of
and TDMA 1 shall have a fixed size of 2 048“Physical Clusters.

f a DL disk, TDMA 0 and TDMA 1 shall*be used sequentially in the following order: TD

shall be filled contiguously and. in the direction of ascending PSNs. All elements of th
2.4.2) shall be located in one TDMA. If insufficient space is left in the actual TDMA, thg
MS set shall be created inthe next available TDMA, and the indicator for this next TD
be recorded.

unused Clustersiin-a full TDMA shall be recorded with all 00h data while the status bits S
ames shall bevset to 11.

Access.indicators

Lickly which TDMA is currently in use, the first Clusters of TDMA 0 shall be used as in

On an SL dig

k.the first 3 Clusters shall be reserved for this purpose and on a DL disk the first 6

en SRR was closed, the Open SRR number bytes shall be set to 00h (see 22.4.6.3). Qptionally,

Frames

sary to record the remaining Unrecorded Clusters of the SRR on closing. TheZlRA of th¢ Closed

rpose, a
'DMA).

he same
Layer L1.

MA 0 >

e actual
n a new
MA (see

ai,1/Sai,o

dicators.
Clusters.

These TDMA
Figure 104.

AcCcess Indicator Clusters shall be used In the direction or descending addresses as Ind

cated in

If TDMAL is in use, (TDMA 0 having been completely used) then an indicator for TDMA 1 shall be recorded.

When the disk is closed also the first indicator Cluster of TDMA 0, indicating the DMA, shall be recorded.

Moreover, to find out quickly the location of the TDMA that is currently in use, the TDMA Access indicator
Clusters shall contain the TDDS according to the status of the disk at the moment when the TDMA Access
indicator Cluster was recorded. For robustness, all 32 Data Frames in the indicator Clusters shall contain a
copy of the first TDDS recorded in the TDMA related to the actual indicator Cluster. The first indicator Cluster
of TDMA 0, indicating that the DMA has been recorded, shall contain 32 repetitions of the DDS as this is
recorded in DMA 1 (see 22.6.3).
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Indicator Clusters Single Layer Disk

/—/\—\

DMA
Reserved
Reserved

Inner TDMAO Inner

Zone " | _ . "I Zone
Indicator Clusters Dual Layer Disk

DMA

Resefved
Resdrved
Resgrved
Reserved

TDMA1L

Figure 104 — TDMA indicator Clusters
22.4 Disk-Management Structure (DMS)

22.4.1 General

The DMS holds structures for Disk-Management and RecordingsMode information. There are|two kinds of
Disk-Manhagement Structures.

— Disk-Management Structures (DMS; see 22.6.3), recorded in the DMA Zones when a disK is closed (to
preserve all Disk Management information containedin the last Temporary Disk-Management Structure).

— Temporary Disk-Management Structures (TDMS), recorded in the TDMA Zones as long ag the disk has
not peen closed.

22.4.2 Temporary Disk-Management Structure (TDMS)

The Temporary Disk-Management-Structure consists of the following three elements depepding on the
recording mode. All of these elements shall be present in the same TDMA n that is actually in use.

For Seqpential-Recording Mode, the TDMS consists of the following:
— Temporary Disk-Definition Structure (TDDS);

— Temporary DefectiList (TDFL);

— Seduential-Recording Range Information (SRRI).

The last|Data-Frame of the last of the Clusters constituting a TDMS Update Unit shall always contain a TDDS.
This TDPS centains pointers to the latest recorded TDFL Clusters and SRRI. After an update of one or more
of these|elements, the TDDS pointers shall be updated.

The TDMS shall consist of the latest recorded versions of the TDDS, the TDFL and the SRRI.

The TDMS Update Units shall be recorded sequentially in the direction of ascending PSNs in each TDMA
(see 22.3). If a Physical Cluster is perceived as defective during recording, this Cluster shall be skipped and
the data recording shall continue in the next available Physical Cluster in the TDMA. If defective Clusters are
detected immediately after writing of the full TDMS Update Unit (verify-after-write) then it is allowed to only
rewrite the defective Clusters and the last Cluster of the TDMS Update Unit (for updating of the TDFL pointers
in the TDDS) at the next available locations (as a consequence of this the order of the TDFL Clusters as
recorded on the disk need not to be the same as their order in the Defect List. This last one shall be indicated
by the pointers in the TDDS).
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22.4.3 TDMS in Sequential-Recording Mode

In the Sequential-Recording Mode, the TDMS Update Units for the SRRI shall always contain a Temporary
Disk-Definition Structure (TDDS) in the last Data Sector and a Sequential-Recording Range Information
(SRRI) Block in the Sectors immediately preceding the TDDS (see Figure 105). The SRRI Block shall start at
a Sector boundary and the length of the SRRI Block is limited to 31 Data Sectors. The SRRI Block is
terminated with an SRRI terminator (see Figure 114).

Cluster | Data Frame Content
. 0..29 Set to 00h
g SRRI
g 30 (one Sector)
5 a1 TDDS
(one Sector)

Figure 105 — Example of TDMS Update Unit for SRRI for'SRM

The TDFL alyvays starts in the first Data Sector of the first Cluster of a TDMS)Update Unit (see Figyre 106).
The TDFL shall be terminated with a Defect-List Terminator (see Figure-112). The last Data Sectgr of the
Cluster of thg TDMS Update Unit for the TDFL shall contain a TDDS. If both the SRRI and TDFL are ecorded,
the two strucfures can be combined in one TDMS Update Unit as indicated in Figure 106, where the|TDFL is
located at the top of the TDMS Update Unit and the SRRI at the baftom, immediately preceding the TDDS.

Cluster | Data Frame Content
TDFL
0 (one Sector)
o
o .29 Set to 00h
>
© SRRI
5 30 (one Sector) ¢
TDDS
31 (one Sector)

Single-Cluster TDMS Update Unit

Figure 106 — Examples of combined TDMS Update Units for SRM

22.4.4 Tempporary Disk-Definition Structure (TDDS)

The TDDS contains Information about the format and status of the disk. The last recorded 1DDS 1S the anchor
to the addresses of the other parts/elements of the TDMS. Pointers in the TDDS shall only point to addresses
of previously written structures (no forward pointers), which all shall be in the same TDMA n as the TDDS

itself. The format of the TDDS is defined in Figure 107.

The TDDS Identifier shall be set to 44 53h, representing the characters “DS”.

The TDDS format field shall be set to 00h, identifying a TDDS.

The TDDS-Update Count shall specify the total number of update operations on TDDS. This field shall be set

to 00 00 00 00h during the initialization operation, and shall be incremented by one each time a TDDS is
recorded on the disk.

156 © ISO/IEC 2016 — Al rights reserved


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

Byte position Number
Data Frame in )Iljtatg Frame Content of bytes
31 Oto1l TDDS identifier 2
31 2 TDDS format 1
31 3 Reserved 1
31 4t07 TDDS-Update Count 4
31 81to 15 Reserved 8
31 16 to 19 First PSN of Drive Area (P_DA) 4
31 20 to 23 Reserved 4
31 24 to 27 First PSN of Defect List (P_DFL) 4
31 28to 31 Reserved 4
31 3210 35 Cocation of LSN U of User-Data Area 4
31 36 to 39 Last LSN of User-Data Area 4
31 40 to 51 Reserved unless otherwise specified by the Application. 12
31 52 Flag A 1
31 53 to 55 Reserved 3
31 56 Pre-write Area flags 1
31 57 to 63 Reserved 7
31 64to 71 Status bits of INFO 1/PAC 1 locations on Layer LO 8
31 721079 Status bits of INFO 2/PAC 2 locations on Layer LO 8
31 80 to 87 Status bits of INFO 1/PAC 1 |acations on Layer L1 8
31 88 to 95 Status bits of INFO 2/PAC 2 |ocations on Layer L1 8
31 96 to 1 023 Reserved 928
31 1024 Recaording Mode 1
31 1 025to 1027 Reserved unless otherwise specified by the Application. 3
31 10281to0 1031 Reserved 4
31 1032t0 1035 Last-Recoerded Address of User-Data Area 4
31 1036 to 1039 Reserved 4
31 1040to 1051 Reserved unless otherwise specified by the Application. 12
31 1052 to 1087 Reserved 36
31 1088to0 1091 Next.available PSN of Test Zone on Layer LO (P_TZ0) 4
31 1092 to 1 095 Next available PSN of Test Zone on Layer L1 (P_TZ1) 4
31 1096to 1103 Reserved 8
31 1104 to 1 107 Next available PSN of Drive-Calibration Zone on Layer LO 4
(P_CZz0)
31 1108 td D111 Next available PSN of Drive-Calibration Zone on Layer L1 4
(P_CZ1)
31 1112101119 Reserved 8
31 1120to 1123 First PSN of first Cluster of Defect List (P_first DFL) 4
31 1124t01 151 Reserved unless otherwise specified by the Application. 28
31 1152t01 183 Reserved 32
3% 118410 1 187 First PSN of Sequenti?!I:;RQeg;Sing Range Information 4
31 1188to01 191 Reserved unless otherwise specified by the Application. 4
31 1192to 1215 Reserved 24
31 1216t0 1231 Reserved unless otherwise specified by the Application. 16
31 1232t01915 Reserved 684
31 1916t0 1919 Reserved unless otherwise specified by the Application. 4
Drive ID: Manufacturers Name 48
31 1920to 2 047 Additional ID 48
Unique Serial Number 32

Figure 107 — Format of TDDS

The First PSN of Drive Area field shall specify the first PSN of the Cluster that contains the latest Drive-
specific Information Frames. If the Drive Area is unrecorded, this field shall be set to 00 00 00 00h.
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The First PSN of Defect-List field shall be set to 00 00 00 00h in all TDDS Sectors appearing in the TDMASs.

When the disk is being closed and the final DDS is written in the DMA, this field shall specify the first PSN of
the first Defect List that can be retrieved error free in the DMA Zone containing the particular DDS. If no
Defect List could be stored error free, this field shall be set to FF FF FF FFh.

The Location of LSN 0 of User-Data Area field shall specify the PSN of the first User Data Frame in the first
Cluster and shall be set to 00 10 00 00h unless otherwise specified by the Application.

The Last LSN of User-Data Area field shall specify the Logical-Sector Number (LSN) (see Clause 23) of the
last Sector available for the storage of User Data and shall be set to 00 BA 73 FFh for SL disk and
01 74 E7 FFh for a DL disk unless otherwise specified by the Application.

The 8-bit FIagl; A field specifies the status of the SL disk or DL disk. This byte shall be set 03h on SLC-djsks and
OFh on DL digks unless otherwise specified by the Application.

The 8-bit Prg-write Area flags field specifies the status of the INFO 1/Pre-write Areas for each Recording
Layer. If the Pre-write Area on Layer i is recorded then bit bi shall set to ONE, else bit b{shall be set to]ZERO.

The Status hits of INFO 1/PAC 1 locations on Layer LO field shall specify the_fecording status pf all 32
Clusters in the INFO 1/PAC 1 Zone on Layer LO (see Figure 108). The bit pairs'shall be set as defined|in 21.2.

Byte position Bits INFO 1/PAC 1Jocation PAA
64 b7 be 0L&F 80h
64 bs bs 01 FF 84h
64 bs b2 01 FF 88h
64 b1 bo 01 FF 8Ch
65 b7 be 01 FF 90h
70 b1 bo 01 FF ECh
71 b7 be 01 FF FOh
71 bs ba 01 FF F4h
71 b3 b2 01 FF F8h
71 b1 bo 01 FF FCh

Figure 108 — Status hits and related INFO 1/PAC 1 address locations on Layer LO

The Status hits of INFO 2/PAC’ 2 locations on Layer LO field shall specify the recording status pf all 32
Clusters in the INFO 2/PAG.2'Zone on Layer LO (see Figure 109). The bit pairs shall be set as defined|in 21.2.
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Byte position Bits INFO 2/PAC 2 location PAA
72 b7 bs 01 BA 00h
72 bs bs 01 BA 04h
72 bs b2 01 BA 08h
72 b1 bo 01 BA 0Ch
73 b7 bs 01 BA 10h
78 b1 bo 01 BA 6Ch
79 b7 bs 01 BA 70h
79 bs bs 01 BA 74h
79 bs b, 01 BA 78h
79 b1 bo 01 BA 7Ch

The Status bits of INFO 1/PAC 1 locations on Layer L1 field shall specify thelrecording st

Clusterg|in the INFO 1/PAC 1 Zone on Layer L1 (see Figure 110). The bit pairs shall be set as d¢
Byte position Bits INFO 1/PAC Lliocation PAA
80 b7 bs 3E00.00h
80 bs by, 3E,00 04h
80 bs b, 3E 00 08h
80 b1 bo 3E 00 OCh
81 b7 bs 3E 00 10h
86 b1 bo 3E 00 6Ch
87 b7 bs 3E 00 70h
87 bs by 3E 00 74h
87 bs by 3E 00 78h
87 ba bo 3E 00 7Ch

The Status bits of INFO 2/PAC-2 locations on Layer L1 field shall specify the recording st

Figure 109 — Status bits and related INFO 2/PAC 2 address locations on'Layer I

Figure 110 — Status bits*and related INFO 1/PAC 1 address locations on Layer [

0

atus of all 32
fined in 21.2.

1

atus of all 32
fined in 21.2.

Clusterg|in the INFO 2/PAC 2'Zone on Layer L1 (see Figure 111). The bit pairs shall be set as de
Byte(position Bits INFO 2/PAC 2 location PAA
88 b7 bs 3E 45 80h
88 bs by, 3E 45 84h
88 bs b, 3E 45 88h
88 b1 bo 3E 45 8Ch
89 b7 bs 3E 45 90h
94 b1 bo 3E 45 ECh
95 b7 bs 3E 45 FOh
95 bs by, 3E 45 F4h
95 bs b, 3E 45 F8h
95 b1 bo 3E 45 FCh

Figure 111 — Status bits and related INFO 2/PAC 2 address locations on Layer L1

The Recording-Mode field specifies the mode in which User Data is going to be recorded in the User-Data
Area. This field shall be set to 00h to indicate Sequential-Recording Mode unless otherwise specified by the

Application.
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The Last-Recorded Address of User-Data Area field shall specify the PSN of the highest numbered
Physical Sector in the User-Data Area recorded with data supplied by the host. This address shall be equal to
the LRA of the highest numbered SRR containing User Data (see 22.4.6.4). If no User Data is recorded in
User-Data Area, the value of this field shall be set to 00 00 00 00h.

The Next available PSN of Test Zone on Layer LO field shall specify the first PSN of the next usable Cluster
available for testing and OPC procedures in the Test Zone on Layer LO. The initial value for this field in case
of an unused Test Zone is 00 OE DF 60h (the highest addressed 4 Clusters of the Test Zone on Layer LO shall
be reserved as a Buffer Zone). If the Test Zone on Layer LO has no free Cluster, this field shall be set to
FF FF FF FFh.

NOTE

If an OPC procedure fails, the drive might not be able to correctly update the TDMS.

The Next ava
available for
be set to 00
Test Zone on

g

NOTE If

lilable PSN of Test Zone on Layer L1 field shall specify the first PSN of the next usable
esting and OPC procedures in the Test Zone on Layer L1. In case of an SL disk,'this fi
DO 00 00h. The initial value for this field in case of an unused Test Zone is 0L-E3EF E(
Layer L1 has no free Cluster, this field shall be set to FF FF FF FFh.

n OPC procedure fails, the drive might not be able to correctly update the TDMS.

The Next avilable PSN of Drive-Calibration Zone on Layer LO field shall specify the first PSN of

usable Cluste
value for this
Zone on Layq

NOTE If g

r available for drive calibration procedures in the Drive-Calibration: Zone on Layer LO. T|
field in case of an unused Drive-Calibration Zone is 8 x (LAA"+ C 2Eh). If the Drive-Cg
r LO has no free Cluster, this field shall be set to FF FF FF EFh.

n OPC procedure fails, the drive might not be able to correctly‘update the DCZ.

The Next available PSN of Drive-Calibration Zone on Layer\L1 field shall specify the first PSN of

usable Cluste
an SL disk, t
Calibration Z
shall be set tq

NOTE If g

The First PS
Temporary D

The First PS
the latest Sed

The Drive 1D
drive that hag
format (see 1

48 bytes

r available for drive calibration procedures in the’ Drive-Calibration Zone on Layer L1. In

nis field shall be set to 00 00 00 00h. The_initial value for this field in case of an unuse

bne is 8 x (FAA — 4 34h). If the Drive-Calibration Zone on Layer L1 has no free Cluster,
FF FF FF FFh.

n OPC procedure fails, the drive might,not be able to correctly update the DCZ.

N of first Cluster of Defect-List field shall specify the first PSN of the first Cluster of t
efect List in the TDMA Zone.

N of Sequential-Recording Range Information field shall indicate the PSN of the first §
uential-Recording*Range Information in the TDMA Zone.

. Manufacturers Name/Additional ID/Unique Serial Number fields shall uniquely ide
recordedthis TDDS. These 128 bytes shall contain a drive signature according to the f
8.3.15:-Drive Area):

Manufacturers Name, represented by characters from the ISO 646 character set;

b Cluster
eld shall
h. If the

the next
he initial
libration

the next
case of
d Drive-
this field

he latest

bector of

ntify the
ollowing

48 hytes
32 bytes

2245 Temp

Additional Identification, represented by characters from the ISO 646 character set;
Unique Serial Number of the drive.

orary Defect List (TDFL)

22.4.5.1 General

The first Data Frame of the TDFL contains the Defect-List Header followed by a List of Defects. The List of

Defects shall

be terminated by a Defect-List Terminator.

The List of Defects is Reserved unless otherwise specified by the Application.
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22.4.5.2 TDFL data structure

The TDFL Data Frame shall be composed as shown in Figure 112.

Byte position Content
Data Frame in Data Frame Number of bytes
0to 63 Defect-List Header 64
0 641071 Defect-List Terminator 8
7210 2 047 set 00h 1976

Figure 112 — Format of Temporary Defect List

The Defect-List Header (DLH) identifies the Defect List and contains information about the comﬂ)osition of the
List of Defects (see 22.4.5.3).

The Deflect-List Terminator closes the List of Defects and shall be written immediatelyfollowing the actual
last entry in the List of Defects. The Defect-List Terminator shall be located in the last Data Framg of the TDFL
(see 22.4.5.4).

All remajining bytes following the Defect-List Terminator in the last Data Frame shall be set to 00H.

22.4.5.3| Defect-List Header

Figure 113 shows the format of the Defect-List Header.

Diata Frame Byte position Content Number of bytes
in Data Frame
0 Oto1l DFL identifier 2
0 2 DFL format 1
0 3 Reserved 1
0 4t07 DFL-Update Count 4
0 8to 11 Reserved 4
0 12 to 23 Reserved unless otherwise 12
specified by the Application
0 24 10.63 Reserved 40

Figure 113 — Format of Defect-List Header
The DFL Identifier shall be set to 44 4Ch, representing the characters “DL".
The DFL format field-shall be set to 00h, identifying a DFL.

The DFIl-Update Count shall specify the total number of update operations of the Defect List. Tfhis field shall

be set t¢ @0-00 00 00h during the Initialization operation, and shall be incremented by one each|time the DFL
is recorded.on the disk

22.45.4 Defect-List Terminator
The Defect-List Terminator shall be composed of two 4-byte parts:
— the first 4 bytes shall be set FF FF FF FFh;

— the second 4 bytes shall be equal to the TDFL-Update Count in the header of the TDFL (can be used to
check the validity of the Defect List).
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22.4.6 Sequential-Recording Range Information (SRRI)

22.4.6.1 General

The SRRI Structure specifies the recording status for Sequential-Recording Mode (SRM). One structure
covers both SL and DL disks. The data structure of the SRRI is described in 22.4.6.2.

22.4.6.2 SRRI data Structure

The SRRI structure, consisting of one Sector, contains an SRRI Header followed by a list of SRR entries. An
SRRI terminator shall terminate the List of SRR entries.

|
Relative Byte position Content Number of bytgs
Data fFrame in Data Frame

0to 63 SRRI Header 64

30 64t0 71 SRR entry 8
72to 79 SRRI Terminator 8

80 to 2 047 set 00h 1968
31 (TDDS)

Figure 114 — Format of SRRI table

The SRRI Header identifies the SRRI and contains information about‘the composition of the List|of SRR

entries (see 42.4.6.3).

The SRR enfry contains a list of SRRs and their related information (see 22.4.6.4). The number of [SRRs is
one unless otherwise specified by the Application.

The SRRI Terminator closes the List of SRR entries and-shall be written immediately following the agtual last
entry in the List of SRR entries (see 22.4.6.5).

All remaining|bytes following the SRRI Terminatoriuntil the Data Frame boundary shall be set to 00h.

22.4.6.3 SHRI Header

The SRRI Header shall be composed as shown in Figure 115.

Relative Data _Byte position Content Number of bytes
Frame in DataFrame
0to1l SRRI identifier 2
2 SRRI format 1
3 Reserved 1
4t07 SRRI-Update Count 4
8to 11 Reserved 4
30 171015 number of SRR eniries !
16 number of Open SRRs 1
17 t0 19 Reserved 3
20to 21 Open SRR number 2
Reserved unless otherwise
221051 specified by the Application 30
52 to 63 Reserved 12

Figure 115 — SRRI Header

The SRRI Identifier field shall be set to 53 52h, representing the characters “SR”.

The SRRI format field shall be set to 00h, identifying an SRRI.
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The SRRI-Update Count shall specify the total number of update operations of the SRRI structure. This field
shall be set to 00 00 00 00h during the Initialization operation, and shall be incremented by one each time the
SRRI structure is updated.

The number of SRR entries shall indicate the total number of SRR entries in the SRRI. The number of SRRs
is one unless otherwise specified by the Application.

The number of Open SRRs field shall indicate the number of SRRs with status Open. The maximum value of
this field is one unless otherwise specified by the Application. The value of this field shall be set to 00h after

the disk

is recorded.

The Open SRR number shall indicate all SRR numbers with status Open.

22464

The SR

SRR entry consists of 8 bytes and is recorded contiguously.

SRR entry

R entry shall be formatted as shown in Figure 116.

The bytg¢s of the SRR entry are converted into a 64-bit sequence with thedmsb first. The List of SRR entries
shall be|sorted in ascending order as if each entry were a single 64-bit unsigned integer. SRR jumbers shall
be assigned as one unless otherwise specified by the Application.
byte Ofbit 7.4 byte O/bit 3.0 & byte 4/bit 7 |/ byté 4/bit 6.4 byte 4/bit B..0 &
of SRR entry byte 110 3 of SRR entry of SRR entry byte 5 to 7
of SRR entry of SRR ¢ntry
b63 b60 b59 . b32 b31 b30 . b28 b27 . bO
Resgrved Starting PSN of the SRR | Session'start Reserved LRA in the SRR
Figuré 116 — SRR entry
The Starting PSN of the SRR shall spegify the first PSN of the first Cluster of the SRR and shall be set to
00 10 0@ 00h unless otherwise specified-by the Application.
The Sedsion start bit shall indicate if this SRR is the first SRR in a Session and shall be set tg ONE unless
otherwige specified by the Application.
The LRA in the SRR shall specify the PSN of the last Sector in the SRR recorded with data sypplied by the
host Fol an empty SRR; the value of this field shall be set to 0 00 00 00h. For an Open SRR, the relation
betweer] NWA and{RA shall be given by the following fomula:
NWA = 32X [floor(LRA/32) + 1] if the LRA # 0 00 00 0Oh;
NWA £/Start PSN of the SRR if the LRA =0 00 00 00h.
22.4.6.5 SRRI Terminator

The SRRI Terminator shall be composed of the following two 4-byte parts:

the

first 4 bytes shall be set FF FF FF FFh;
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22.5 Unrecorded (blank) disk structure

22.5.1 General

Some Zones of a Unrecorded disk may be pre-recorded before shipment of the disk. The status of Zones on
an Unrecorded (blank) disk is summarized in 22.5.

22.5.2 Pre-recorded Areas on Unrecorded disk

The Areas on the Unrecorded (blank) disk that are specified in Figure 117 and Figure 118 may be pre-
recorded.

164

Zone Description First PAA Number of Pre-recorded Reference
name of Zone | Phys.Clusters condition
BCA BCA either2 See Clause-35
PIC PIC --- --- recorded ia-
Reserved 8 01 B8 00h 32 either @ See18.3.2
Reserved 7 01 B8 80h 32 unrecorded
Reserved 6 01 B9 00h 32 unrecorded
INEO 2 Reserved 5 01 B9 80h 32 either @ See 18.3.5
PAC 2 01 BA 00h 32 either @ See 18.3.6
DMA 2 01 BA 80h 32 unrecorded
Control Data 2 | 01 BB 00h 32 unrecorded
Buffer 2 01 BB 80h 32 unreeorded
OPC O Test Zone 01 BC 00h 2044 either 2 See 18.3.10
OPC 0 Buffer | 01 DB FOh 4 tarecorded
TDMA 0 01 DC 00h 2048 either @ See 18.3.13
Pre-write Area | 01 FC 00h 32 either? See 18.3.14
Drive Area 01 FC 80h 32 unrecorded ---
Drive Area 01 FD 00h 32 unrecorded ---
INEO 1 Drive Area 01 FD 80h 32 unrecorded ---
Drive Area 01 FE 00h 32 unrecorded ---
DMA 1 01 FE 80h 32 unrecorded ---
Control Data 1 | 01 FF 00h 32 unrecorded ---
PAC 1 01 FF 80h 32 eithera See 18.3.18
(Data Zone 0) | 0200 00h unrecorded —
a2 mear]s that the Zone mayser'may not be pre-recorded according to its description.
Figure 117 — Pre-recorded Areas of Inner Zone 0 (Lead-in Zone)
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Description First PAA Number of Pre-recorded Reference
of Zone | Phys.Clusters condition
(Data Zone 1) unrecorded
PAC 1 3E 00 00h 32 either 2 See 18.4.18
Control Data 1 | 3E 00 80h 32 unrecorded
DMA 1 3E 01 00h 32 unrecorded
INFO 1 Drive Area 3E 01 80h 32 unrecorded
Drive Area 3E 02 00h 32 unrecorded
Drive Area 3E 02 80h 32 unrecorded
Drive Area 3E 03 00h 32 unrecorded
Pre-write Area | 3E 03 80h 32 eithera See 18.4.14
Reserved --- 3E 04 00h 2048 unrecorded
[TDMA 1 --- 3E 24 00h 2048 unrecorded See\18.4.12
Buffer 2 3E 44 00h 32 unrecorded
Control Data 2 | 3E 44 80h 32 unrecorded
DMA 2 3E 45 00h 32 unrecorded
INEO 2 PAC 2 3E 45 80h 32 e?ther’cl See 18.44.8
Reserved 5 3E 46 00h 32 either @ See 18.4.7
Reserved 6 3E 46 80h 32 unrecarded
Reserved 7 3E 47 00h 32 unfecorded
Reserved 8 3E 47 80h 32 gither 2 See 18.4.4
Buffer 3E 48 00h 1408 unrecorded
OPC 1 Test Zone 3E 5E 00h 2048 either 2 See 18.44.2
Buffer --- 3E 7E 00h 1408 unrecorded
Protection
Zone 1
&  means that the Zone may or may not be pre-recorded according to its description.

22.5.3 H
BCA co

Applicat
Clause

2254 H
When B

write Arg
an Unre

2255 H

Figure 118 — Pre-recorded Areas of the Inner Zone 1 (Lead-out Zone)

Pre-recorded BCA

le may or may not be recorded” The BCA code is not recorded unless otherwise sp¢
on. The modulation and format of the BCA code are not specified in this International S

5).

Pre-recorded INFO2/Reserved 5, Reserved 8 and Pre-recorded INFO 1/Pre-write Ar¢

CA code is not recorded on an Unrecorded disk, INFO 2/Reserved 5, Reserved 8 and
ba in both dniner Zone 0 and Inner Zone 1 are recorded with all 00h. When BCA code i
corded disk, these Zones are unrecorded (see 18.3.5, 18.4.7, 18.3.2, 18.4.4, 18.3.14 and

Pre-recorded INFO 1/PAC 1 and Pre-recorded INFO 2/PAC 2

bcified by the
btandard (see

ba

INFO 1/Pre-
recorded on
18.4.14).

When BCA code is not recorded on an Unrecorded disk, IS1/1S2 PAC structures are recorded in INFO 1/PAC
1 and INFO 2/PAC 2. When BCA code is recorded on an Unrecorded disk, these Zones are unrecorded and
IS1/1S2 PAC structures are not recorded (see 21.4).

22.5.6 OPC 0/Test Zone and OPC 1/Test Zone

When BCA code is not recorded on an Unrecorded disk, some Clusters in OPC 0 Test Zone and OPC 1 Test
Zone may be used to perform OPC to record the Pre-recorded Zones (see 18.3.10 and 18.4.2).
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22.5.7 TDMA O

When BCA code is not recorded on an Unrecorded disk, Zones that specified in Figure 117 and 118 may be
recorded. When some Zones are recorded on the Unrecorded disk, TDMS in the TDMA O is recorded to

specify the fol

lowing:

zones are recorded;
an empty SRR is created from LSN 0;

some OPC Clusters are used.

22.5.8 Initialization of disk

BD Recordal
write Area(s)
recorded befq

A newly crea
from the first

BD Recordal

Application. A
106):

an empty

an SRRI

a TDDS

22.6 Recor

22.6.1 Gene
The Recorde
the areas of t
be considere

The 4 DMA Z

22.6.2 DMA

le disks are initialized before use. When a Temporary Disk-Management Structure 3
(see 18.3.14 and 18.4.14) are not recorded on an Unrecorded disk, these areas
re recording in the User-Data Area.

ed TDMS shall have all Update-Count fields set to ZERO. The TDM§ shall be recorded
Cluster following the TDMA Access Indicators of TDMA 0.

le disks may be formatted for the Sequential-Recording Mode-unless otherwise specifie
A\ newly created a single-Cluster TDMS contains the following elements (see 22.4.3 an
TDFL, containing only a header, no DFL entries and & Terminator;

with at least one Open SRR (the first SRRI entty-shall have the Session start bit set to O

with all relevant information like (see Figure-107).
Hed (Closed) disk structure

al

H disk structure is summarised in 22.6. When data recording on an Unrecorded disk is
he disk shall be recerded as specified. If all Clusters in all TDMAs have been used, the d
I a Recorded disk!

ones of a Recorded disk and the DMA Access Indicator (see 22.3.2) shall be recorded (g

ones

The structure

s\in“the DMA Zone describes the exact status of the disk at the moment when data r

ind Pre-
shall be

starting

d by the
H Figure

NE);

finished,
isk shall

losed).

bcording

was finished. The SRR status shall be set to Closed, the TDMS structures shall be updated and written to the
TDMA on the Recorded disk. Optionally, all remaining Clusters in the TDMAs can be recorded with all 00h
data (see Figure 119).

Other unwritten areas on the disk need not to be recorded.

Inner Zone Outer Zone

A

»
>

DMA 2| DMA 1 Data Zone DMA 3| DMA 4

166

Figure 119 — Disk-Management Areas
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The DMAs 1, 2, 3 and 4 shall be recorded with copies of the information contained in the latest TDMS.

The DDS in the DMA Zones preserves the references to these TDMS.
22.6.3 Disk-Management Structures (DMS)

22.6.3.1 General

A Disk-Management Structure (DMS) is made up of a Disk-Definition Structure (DDS) and a Defect List (DFL).
The DDS is combined in one Cluster with an SRRI and shall be repeated for robustness reasons. The DFL
consists of 4 consecutive Clusters on an SL disk and 8 consecutive Clusters on a DL disk and can be
repeateg-seven-times-

All four pccurrences of the DMS, recorded in the DMA Zones in the Inner and Outer Zone(s), shall contain the
same information, except for the First PSN of Defect List (see 22.4.4, byte 24 of Data Frame 0 of|the DDS).
The DMA Zones shall be updated in the order DMA 1, DMA 2, DMA 3 and DMA 4 for easg of handling
possiblel power-down failures.

22.6.3.2| Disk-Management Structure (DMS) on SL disk

On an Sl disk the DMAs consist of 32 consecutive Clusters as indicated in Figure 120.

Tracking dirgction
Cluster
3

Cluste
32

Cluster
31

Cluster
2

Cluster
1

Layer LO

Figure 120 — Clusters of DMAs on SL disk

The DD
Clusters
Clusters

5 + SRRI shall be repeatedly recorded.in the first 4 Clusters of each DMA. The DFL i
5 to 8 of each DMA and may be optignally repeated in the Clusters 9 to 32 (if no repetiti
9 to 32 shall contain all 00h) (see Figure 121).

5 recorded in
on is applied,

Cluster1to 4 DDS + SRRI four repetitions

Cluster 5to 8 15t position of DFL DFL

Cluster 9 to12 2"d position of DFL optional copy of DFL
or 00h

Cluster13to 16 | 3" position of DFL optional copy of DFL

or 00h

optional copy of DFL

Cluster 29 to 32 or 00h

7" position of DFL

Figure 121 — Example of DMA Zone on SL disk

The first Data Frame 0 of each of the Clusters 1 to 4 is designated as the DDS and shall contain a copy of the
latest TDDS, except for the First PSN of Defect List, which address shall be set to the first PSN of Cluster 5,
9 .. or 29 of the DMA Zone containing this DDS. The indicated address shall identify the occurrence of the first
full DFL that can be retrieved error free.

Data Frames 1 (see 22.4.3) of each of the Clusters 1 to 4 are designated as the SRRI and shall contain a
copy of the latest SRRI from the TDMS. All remaining Data Frames 2 to 31 shall contain all 00h.

The DFL, recorded in Clusters 5 to 8, shall contain a copy of the latest TDFL, which TDFL shall be padded
with ZERO data up to a length of 4 Clusters. The DFL may be repeated for robustness reasons in each
following group of 4 Clusters in each DMA.
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22.6.3.3 Disk-Management Structure (DMS) on DL disk

On a DL disk, the DMAs consist of 64 Clusters divided over the two Recording Layers as indicated in Figure

122.
Tracking direction >
Layer LO Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32
Layer L1 Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33
Tracking direction
Figure 122 — Clusters of DMAs on DL disk
The DDS + SRRI shall be repeatedly recorded (see Figure 123) in the first 4 Clusters of eachDMA. ]

is recorded iy Clusters 9 to 16 of each DMA and may be optionally repeated in the Clustérs+17 to
pplied, Clusters 17 to 64 shall contain all 00h).

repetition is a

The first Datg
latest TDDS,
17 .. or 57 of

Cluster 1to 4

DDS + SRRI

four repetition

Cluster 5to 8

Reserved

Cluster 9 to 16

15t position of DFL

DFL

Cluster 17 to 24

2"4 position of DFL

optignal copy of DFL
or 00h

Cluster 25 to 32

3" position of DFL

optional copy of DFL

or 00h

Cluster 57 to 64

7t position of DFL

optional copy of DFL
or 00h

first full DFL that can be retrieved error free.

Data Frames
of the latest §

The DFL, reg
with ZERO d
following grod

Figure 123 — Example of DMA Zone on DL disk

Frame 0 of each of the Clusters.¥'to 4 is designated as the DDS and shall contain a co
except for the First PSN of Defect List, which address shall be set to the first PSN of G
the DMA Zone containing this DDS. The indicated address shall identify the occurrend

1 (see 22.4.3) of each of the Clusters 1 to 4 is designated as the SRRI and shall contai
RRI from the TDMS. All remaining Data Frames 2 to 31 shall contain all 00h.

orded in Clusters 9 to 16, shall contain a copy of the latest TDFL, which TDFL shall be
ata up-toa length of 8 Clusters. The DFL may be repeated for robustness reasons
p of/8 €lusters in each DMA Zone.

[he DFL
b4 (if no

by of the
luster 9,
e of the

N a copy

padded
in each
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23 Assignment of Logical-Sector Numbers (LSNs)

Logical-Sector Numbers shall be assigned contiguously over all Clusters available for storage

of User Data,

starting from LSN 0 and increasing by one for each successive User Data Frame (see Figure 124).

LSN 0 is assigned to the first User Data Frame in the first Cluster after the Lead-in Zone,
(at PSN =1 048 576).

The last LSN on Layer LO is equal to 8 x LAA + 15 — 1 048 576 and is assigned to the last User Data Frame in

the last Cluster before the Outer Zone O
(at PSN =8 x LAA + 15 = X)

The firs§f LSN on Layer L1 shall be one higher than the last LSN on Layer LO and is assigned\to
Data Frgme in the first Cluster after the Outer Zone 1
(at PSN|=8 x FAA = X + FE 00 00 00h).

the first User

The last|[LSN on Layer L1 is equal to 16 x LAA + 31 — 2 097 152 and is assignedto the last Usef Data Frame

in the lagt Cluster before the Lead-in Zone
(at PSN|= 01 EF FF FFh).

Inner Outer Outer

Inner
) Layer LO X . _
radius )l\ radius radius Layer L1 radius
=
fa
User Data Area |-\ N
User-Data Area

=| Ledd-in Outer Outer Lead-out
§ Zone Zone 0 Zone 1 Zone
= #

00 10 00 00h X X +FE 00 00 00h o1 EF FF Eeh =N

Figure 124 — Assignment of Logical-Sector Numbers
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24 Characteristics of Grooved Areas

The signal values specified in Clauses 24 to 27 are valid for all disk capacities, unless specified otherwise.
In this International Standard, the following two types of signals are distinguished:

— signals generated by the Groove structures on the disk;

— signals generated by User-written Marks.

In Clauses 25-to ’)7, tho cign:\lc gnnnr:\fnr*l h\J/ the Groove structures are defined and cpnr\ifior’l (fhn format of
the Grooves has been defined in Clause 15).

All requirements in Clauses 25 to 27 shall be fulfilled in all layers independent of the recording status|of other
Recording Lgyer (whether unrecorded, recorded or partially recorded) from the inner radius.of the Embossed
HFM Area(s)| (start/end of the PIC Zone) at nominal radius 22,4 mm up to the innervtadius of the Outer
Zone(s) + 20|um (dpzo/2 + 20 um). It is recommended that the requirements are alsorfulfilled in the rgmainder
of the Outer Zone(s).
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25 Method of testing for Grooved Area

25.1 General

The tests shall be performed in the Recordable Areas. The write and read operations necessary for the tests
shall be made on the same Reference drive.

When measuring the signals, the influence of local defects, such as dust and scratches, are excluded. Local
defects might cause tracking errors, or uncorrectable Data (see Clause 34).

25.2 ERvironment

All signals shall be within their specified ranges if the disk is in its range of allowed environmental conditions
as defingd in 8.1.1.

25.3 Reference drive

25.3.1 General

All signgls shall be measured in the appropriate channels of a Referefice drive as specified in Clause 9 and in
Annex H.

25.3.2 Read power

The reafl power is the optical power, incident on the Entrance surface of the disk and only usgd for reading
the information. The read power shall be (0,35 £ 0,1) mW for an SL disk and (0,70 £ 0,1) mW for [a DL disk.

25.3.3 Read channels

The drive shall have two read channels as defined in 9.5 and 9.6. The HF signal from the HF read channel
shall nof be equalized, except when measuring jitter (see Annex H).

For medsurement of the Push-Pull signals, the radial PP read channels shall be filtered by a first order LPF
with f_sqg = 30 kHz.

For medsurement of the wobble signals, the radial PP read channels shall be filtered by a first ofder LPF with
f_3dB = 8|MHz.

25.3.4 Trackingreguirements

During the mriting and reading of the signals, the axial tracking error between the focus of the [optical beam
and the |Recording Layer shall be: emax.(axial) = 80 nm, and the radial tracking error between th¢ focus of the
optical beam and the centre of the Track shall De Emax (fadial) = 20 nm.

For 4x and 6x disks, local defects that cause large axial tracking errors shall be taken into account as
described in Annex .

25.3.5 Scanning velocities

The actual rotation speed of the disk shall be such that it results in an average Channel-bit rate of 66,000
Mbit/s or an average wobble frequency of 956,522 kHz.
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25.4 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.

Some signals are normalized relative to the total detector current in an Unrecorded, Grooved Area.
This total detector current is referred to as
le = (|1 + |2)groove

Push-Pull signal:

The Push-Pull signal is the Low-Pass Filtered sinusoidal difference signal (I1— I2) in the radial PP read|channel
(see Figure 7)), when the focus of the optical beam crosses the Tracks. The Push-Pull signal can be|used by
the drive for rpdial tracking (see Figure 125).

In general, the difference signal (l1 —I,) is normalized relative to the Low-Pass Filtered.tetal detectof current
(I + 12). The peak-to-peak value of this real-time normalized Push-Pull signal is defined-as

PP _|:|1(1)—|2(t):| _(Il_lz)attz (Il_lz)attl
norm =| 7/} = -
1 ()+12(t) reak-paak (I1+I2)att2 (I1+I2)attl
detect
current \ \
(mA) ! I
(b +12) \_:/ :
sum signal : :
: (ll - |2)max :
0 ; I
(I.-0) t1 I to I — \
) . ! ' radial position
difference signal ! | (time)
(ll - |2)min : :
on Track on Track
Figure 125 — Definition of Push-Pull signals
Wobble signal

The wobble signal Iwpp is the peak-to-peak value of the sinusoidal difference signal (I, — I2) in the radial PP
read channel (see Figure 7), when the focus of the optical beam follows the Tracks according to 25.3.4. See
also Annex M and Annex E for a measurement method.

The signal shall be normalized by the peak-to-peak value of the Push-Pull signal (11— 12) pp:

|y
NWS =—PE
(Il_IZ)pp
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Ratio between normalized Push-Pull of the HFM Groove Area and the Wobbled Groove Area

The ratio between normalized Push-Pull signals of the HFM Groove Area and the Unrecorded Wobbled
Groove Area is defined as

RHWG = I:)F)norm,HFM

norm,WG, Unrec
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26 Signals from HFM Groove

26.1 Push-Pull polarity

The polarity of the Push-Pull signal is said to be positive if the signal has the same polarity as the Push-Pull

signal detecte

d from the following Pit/Groove geometry:

“On-Groove recording” (see 15.2);

the single pass phase depth of the Grooves is less than 90°.

If the polarity

is opposite to the polarity of the specified case, it is said to be negative.

The polarity |of the Push-Pull signal on each Recording Layer of the disk shall be indieated in the Disk
Information (gee 15.8.3).
26.2 Push-Pull signal
The peak-to-peak value of the real-time normalized Push-Pull signal (PPnormitién) shall meet the {ollowing

requirements

26.3 Wobb

The Normaliz

centreline. Diie to interference with the wobbles of adjacent Tracks, the amplitude of the HFM wobb

shows a varig

At locations
Normalized H

At locations
Normalized H

NOTE Because the shape of the HFM wobble signal detected in the Embossed HFM Areas differs significgntly from
the wobble signal in the Recordable“Areas, the measurement procedure as described in Annex E is not suitable for
measuring thege HFM wobble signals.

26.4 Jitter pf HFM signal

The binarizedl wabhle signal from the HFM Groove represents the embossed HFM information in|the PIC
Zone. The jiftef/of the leading edges and the jitter of the trailing edges of this binarized signal [shall be
measured se i -

Both the leading-edge jitter and the trailing-edge jitter shall be <4,5 %.

The jitter shall be measured under the following conditions:

— ac coupling (High-Pass Filter): first order, f_zgs = 10 kHz;

— no equalization;

— normalized by 18T clock period (see 15.5.4.2).
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27 Signals from Wobbled Groove(s)

27.1 Phase depth

The single-pass phase depth of the Groove shall not exceed 90°.

27.2 Push-Pull signal

The peak-to-peak value of the real-time normalized Push-Pull signal (PPnorm) shall meet the following
requirements in each layer:

— in Ynrecorded Areas (all neighboring Tracks unrecorded):
— | for HTL disks: 0,21 < PPnormunrec. < 0,45;
— | for LTH disks: 0,21 < PPnorm,unrec. < 0,60;

— maximum variation of Push-Pull signal within 150 Tracks in Unrecorded Areas:

(Ppnorm,unrec )max - (PPnorm,unrec )min

— | for SL disks: <015;
(P Pnorm,unrec )max + (P Pnorm,unrec )min

— | for DL disks: (Ppnorm,unrec)max_ Ppnorm,unrec)min < 0,18 :
(PPnorm,unrec)maX + PPnorm,unrec)min

— maximum variation of Push-Pull signal within one layer in Unrecorded Areas:

(P I:’norm,unrec )max B (P Pnorm,unrec )min <025:
(Ppnorm,unrec )max + (Ppnorm,unrec )min

— in Recorded Areas (all neighboring Tracks recorded):
— | for HTL disks: 0,21 <PPnormrec .< 0,45;
— | for LTH disks: 0;29*< PPnorm,rec- < 0,60;

— rati¢ of average Push<Pull signals in Recorded and Unrecorded Areas within one layer:

PP
— | for HTL\disks: 0,75 < —9MJI€C <195

norm,unrec

— forLTHdisks: 050 < —_nomrec < qq,

Pnorm,unrec

27.3 Wobble signal

27.3.1 General
The normalized wobble signal is a measure of the deviation of the Groove Track from its average centreline.

The distance that the actual centre of the Wobbled Groove Track deviates from the average Track centre line
can be calculated according to Annex M.
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27.3.2 Measurement of NWS

Due to interference with the wobbles of adjacent Tracks, the amplitude of the wobble signal shows a variation
(called “wobble beat”). The wobble signals shall be measured in an Unrecorded Area while continuously
tracking the Spiral Groove. A measurement procedure is described in Annex E.

At locations where the wobble signal shows minimum amplitudes (excluding the effects of MSK Marks), the
Normalized Wobble Signal shall be 0,20 < NWSmin < 0,55.

At locations where the wobble signal shows maximum amplitudes due to the wobble beat, the
Normalized Wobble Signal shall be NWSnax £ 3 X NWSin.

27.3.3 Measprement of wobble CNR
The narrow band SNR (or CNR) of the wobble signal after recording, at minimum and the maximum \elocities
of the disk ag defined in 15.8.3, shall be greater than 26 dB at the locations where the wobble signal shows
minimum amplitudes.

The carrier shall be measured at 956,5 kHz, and the noise level shall be measured at 500 kHz (see Annex E).

27.3.4 Measphrement of harmonic distortion of wobble

To guaranteg a minimum quality of the HMW modulation, the Second-Harmonic Distortion of theg wobble
signal shall bg sufficiently low compared to the Second-Harmonic Leyel‘originating from the HMW modulation.

The Second{Harmonic Level (SHL) and the Second-Harmoni® Bistortion (SHD) shall be determined by
measuring the fundamental wobble frequency level and the second harmonic frequency level at two Ipcations
of the disk. Bpth levels 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 me¢t one of
the following fequirements:

— SHD/ SHL < -12 dB with zero radial tilt;
— SHD/ SKL < -6 dB within + 0,70° of vadial tilt.

The measurements shall be made using a spectrum analyzer (see Annex E).

27.4 HFM gnd Wobbled Groove transition requirements

To guaranteq a minimufa-quality of Groove tracking of the HFM Groove and the Wobbled Groove Afeas, the
ratio of the nqrmalized.Push-Pull signals of the HFM Groove and the Unrecorded Wobbled Groove Ar¢as shall
fulfill the following/requirement:

for LTH dlisks: RHWG =050

176 © ISO/IEC 2016 — Al rights reserved


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

28 Characteristics of Recording Layer

The signal values specified in Clauses 28 to 31 are valid for all disk capacities, unless specified otherwise.
In this International Standard, two types of signals are distinguished

— signals generated by Groove structures on the disk, and

— signals generated by User-written Marks.

Clauses29-to0-31 cpnr\if\ll a seories of tests to-assess-the ror\nrr‘ling prnpnrﬁnc of the Dar\nrr‘ling | yer, as used

for writing data.

All requirements in Clauses 29 to 31 shall be fulfilled in all layers independent of the recording status of other
Recording Layer (whether unrecorded, recorded or partially recorded) from the inner radius of the Recordable
Area (start/end of the INFO/OPC Zone) at nominal radius 23,2 mm up to the inner_radius of the Quter Zone(s)
+ 20 pm (dpzo/2 + 20 pym). It is recommended that the requirements are also fulfiled in the remainder of the

Outer Zgne(s).
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29 Method of testing for Recording Layer

29.1 General

The tests shall be performed in the Recordable Areas. The write and read operations necessary for the tests
shall be made on the same Reference drive.

When measuring the signals, the influence of local defects, such as dust and scratches, are excluded. Local

defects might

cause tracking errors, or uncorrectable Data (see Clause 33).

29.2 Environment

All signals sh
as defined in

29.3 Refere
29.3.1 Gene

All signals sh
Annex H.

29.3.2 Read

The read poV
the informatid

29.3.3 Read

The drive shall have two read channels as defined i, 9.5 and 9.6. The HF signal from the HF read

shall not be €

29.3.4 Track

During the w
and the Recd
at radii up to
or maximum

The radial tra
16 nm for 2x

For 4x and
described in

all be within their specified ranges if the disk is in its range of allowed environmental‘ed
8.1.1.

nce drive
al

pll be measured in the appropriate channels of a Reference drive ‘as'specified in Clause

power

ver is the optical power, incident on the Entrance sufface of the disk and only used for
n. The read power shall be (0,35 + 0,1) mW for an‘SL disk and (0,70 + 0,1) mW for a DL

channels

qualized, except when measuring jitte’(See Annex H).

ing requirements

iting and reading of the Signals, the axial tracking error between the focus of the optic
rding Layer shall be maximum 55 nm for 2x disks, maximum 80 nm for 4x disks and for

110 nm if the disk meets the jitter performance.

cking error between the focus of the optical beam and the centre of the Track shall be m
Hisks, maximum 20 nm for 4x disks and 6x disks.

bX disks, local defects that cause large axial tracking errors shall be taken into acd
\rRex |

nditions

9 and in

reading
disk.

channel

al beam
6x disks

B6 mm. For 6x disks:at'radii 36 mm and higher, the axial tracking error shall be maximum 80 nm

aximum

ount as

29.3.5 Scanning velocities

Write tests shall be carried out at the velocities defined in the DI Units that are present on the disk (see 15.8.3).

During reading, the actual rotation speed of the disk shall be such, that it results in an average Channel-bit
rate of 66,000 Mbit/s or an average wobble frequency of 956,522 kHz.
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29.4 Write conditions

29.4.1 Write-pulse waveform

Marks and Spaces are written on the disk by pulsing a laser. The laser power is modulated according to one
of the write-pulse waveforms given in Annex F. A 2T to 9T NRZI run-length is written by applying a multi-pulse
train of write pulses.

The laser power during recording has the following four levels, which are the optical powers incident on the
Entrance surface of the disk:

— the \A/ritp-ppak power Py

— the pias-write power Pgw or the middle power Py;

— the|Space power Ps;

— thelcooling power Pc.

Marks afe created by the write-peak power Py , Spaces are created by the.Space power Ps.
The valdes of Pw, Psw, Ps, Pm and Pc shall be optimized according to Annex G.

The actuyal powers Pw, Psw, Ps, Pm and Pc for testing shall be withia +5 % of their optimum valugs, where Pgw,

Pc , Pu fnd Ps shall be proportional to Pw according to the ratios, ¢, as specified in the Disk Infprmation (see
15.8.3).
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29.4.2 Write

powers

The optimized write powers Pwo , Pewo , Pso, Pmo and Pco shall meet the conditions as shown in Figure 126.

2 | Media Type High-To-Low (HTL) disks Low-To-High (LTH) disks
3 | Layer SL DL SL DL
(]
> | Power (mW) Min. Max. Min. Max. Min. Max. Min. Max.
Pwo (mMW) 3,0 6,0 6,0 12,0 3,0 6,0
1x Pewo (MW) 0,10 4,0 0,10 8,0 0,10 4,0
Pso (mW) 0,30 4,0 0,60 8,0 0,30 4,0
Pcd TMW) 0,10 70 0,10 8,0 0,10 10 -
Pwg (MW) 3,0 7,0 6,0 14,0 3,0 7,0 =
Pewo (MW) 0,10 7,0 0,10 14,0 0,10 7,0 -
2x | Psd (mW) 0,30 54 0,60 10,8 0,30 54 -
Pcd (MW) 0,10 54 0,10 10,8 0,10 54 -
Pma (MW)2 1,50 7,0 3,0 14,0 --
Pw¢ (MW) 4,0 10,5 7,0 18,0 4,0 10,6 -
Pewo (MW) -
4x | Psd (mW) 0,30 54 0,60 10,8 0,30 54 -
Pcd (mW) 0,10 54 0,10 10,8 0,10 5,4 -
Pud (MW) 2,0 10,5 3,50 18,0 2,0 10,5 --
Pw¢ (MW) 50 14,0 8,5 22,0 5,0 14,0 -
Pewo (MW) -
6x | Psd (mW) 0,3 7,2 0,6 13,2 0,3 7,2 -
Pcd (mW) 0,1 7,2 0,1 13,2 0,1 7,2 -
Pmg (MW) 2,5 14,0 4,2 22,0 2,5 14,0 -
2 Only when Castle strategy is applied.
Figufe 126 — Write power requirements*for Single and/or Dual Layer LTH and HTL disk
In addition to[the conditions shown in Figurel126, the write powers shall be such that
— at IxVryer Pwo > Psq 2-Pco and Pso 2 Pawo;
— at 2xVie|: Pwo(>"Pso 2 Pco and Pwo 2 Pswo;
— at 4xVier|land 6xVier: «Pwo 2 Pymo > Pso 2 Pco.
29.4.3 Write|conditions for jitter measurement
The test for jifterShall be carried out on any group of five adjacent Tracks, designated (m-2), (m-1), m, (m+1),
‘CL,UIUIClbic AI cas Uf t: 1T UIID:'\

(m+2) in the |

The five Tracks are recorded with random data with a write power Pw = Pwo as specified in 29.4.1. To
measure the jitter, all five Tracks are written with random data with a write power Pw = Pwo.

29.5 Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector and, therefore, linearly

related to the

Jitter

optical power falling on the detector.

Jitter is the standard deviation o of the time variations of the transitions in the binary read signal. This binary
read signal is obtained by feeding the HF signal from the HF read channel through an equalizer, a LPF and a
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slicer (see Annex H). The jitter of the leading edges and the jitter of the trailing edges is measured separately
relative to a PLL clock and normalized by the Channel-bit clock period.
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30 Signals from Recorded Areas

30.1 HF signals
The HF signal is obtained by summing the currents of the four elements of the photodetector. These currents

get modulated by the different reflectivity of the Marks and Spaces representing the information on the
Recording Layer (see Figure 127).

30.2 Modulated amplitude

The modulat¢d amplitude Igpp IS the peak-to-peak value of the HF signal generated by the largest. Mark and
Space lengthp. The peak value lgy is the peak value of the HF signal before ac coupling.

The modulat¢d amplitude l2pp is the peak-to-peak value of the HF signal generated by the smallest Mlark and
Space lengthk. The 0 level is the signal level obtained from the measuring device when no'disk is inserted.

NOTE In the Sync patterns, run-lengths of 9T do occur. However, the recurrence of these 9Ts is very| low and
therefore their |nfluence on the HF peak-to-peak signal is negligible.

dew=jhop o
A | A o R R e

2SN
’%7(/\"%\ (TN

AT Y aTaV AV,
_______ /\,AYAYAYAYAYAYAYA'A
YAVAYaYaVAVAYAYAVA
ANV
————— \SALLEALALAA

ANAAAANA S

PN NAAAAANALA A

vV,

v Q.LEVEL

Figure 127 — Schematic representation of HF signal from Marks and Spaces

Because the |l2pp (S @ relatively small signal, its amplitude can not be determined reliably from a random HF
signal. Therefare /it is recommended to record an area with consecutive 2T Marks and Spaces only and to
record an aréa—with—consecttive—8Hvtarks—and Spa\..co U||:y. Fhe a;glla:o camrnowbemeastred a\.,burately

with appropriate measuring equipment.

The modulation signals shall meet the following requirements:

—  lgpp/lsn = 0,40;

—  l3pp/lgpp = 0,25;

—  l2pp/lgpp 2 0,040 for disks with a capacity of 25,0 GB and 50,0 GB.
The variations of the modulation signals shall be

—  (lgnmax — lsHmin)/lsnmax < 0,33 within one layer (continuously recorded), and
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—  (Isnmax — lgnmin)/lstmax < 0,15 within one revolution (continuously recorded).
For DL disks, the ratio between the modulation signals on Layer LO and Layer L1 shall be
-0,25< (|8H,LO — |8H,L1) / (|8H,L0+ |8H,L1) <+0,25 (continuously recorded),

where lgn 0 and lsn, 1 are measured at the same position, both in radial and in tangential direction.

30.3 Reflectivity-Modulation product

The reflectivity of the disk multiplied by the Modulation (= normalized lspp modulated amplitude) shall be (see
Annex B)

7

|
— mM:R%x{%%,WM 0050<RxM <015 for SL HTL disks,
8H

0,060<RxM < 0,18 for SL LTH disks, and

|
— RxM=R,, x[ﬂj , with 0,016 <RxM <0,048 for DL disks.

8H

The reflectivity of the disk multiplied by the I, resolution (= normalized dzppmodulated amplitude) ghall be

I
—  Rxlb = Rgyx (IzﬂJ , Rxl, >0,0036 for SL disks with capacity of 25,0 GB, and
8H

I
— Rxl,=Rgy, x( ZPPJ ,  RxI,>0,0012 for DL disks-with capacity of 50,0 GB.
lgr

30.4 Asymmetry

The HF gignal asymmetry shall meet the following requirement:

|8H + I8L _ I2H + I2L

—opo<| —2 2 |<¥015

8pp

30.5 Jitter

The Tragks onaahich the jitter is to be measured, shall be recorded as specified in 29.4.3.

The jittef shall be measured on the centre Track m of the five recorded Tracks at the Reference Velocity.

Both the leading-edge jitter and the trailing-edge jitter in Track m (measured separately) shall fulfill the
following requirements.

On an SL disk and on Layer LO of a DL disk

For all disks, independent on capacity:

— <7,0 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,
and

— <6,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,
and the edges that are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.
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On Layer L1 of aDL disk

For all disks, independent on capacity:

NOTE

<8,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,

and

<6,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,
and the edges that are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.

Not including edges that are adjacent to a 2T Mark or a 2T Space means that in the jitter measurement only

those edges are taken into account that are in between an nT Mark/Space and an mT Space/Mark, with both n = 3 and

m 2

30.6 Read

Up to 108 suc
remain within

3.

Stability

cessive reads from a single Track with a dc read power as indicated in Figure 128. The disk shall
all specifications in the operating environment.

Higher dc repd powers shall be applied when specified in DI bytes 36 to 39 (see 15.8.3.3, 15.8]3.4 and
15.8.3.5).

Read 2x disks 4x disks 6x disks

Vglocity SL DL SL DL SL DL

1X 0,40 mW | 0,70 mW | 0,40 mW | 0,70 miW | 0,40 mW 0,70 mW

2X 0,45mW | 0,80 mW | 0,45 mW | 0,80 mW | 0,45 mW 0,80 mW

4 0,70 mwW | 30 mW | 0,70 mW 1,30 mW

6X 0,70 mW 1,30 mW

Up to 10° sug

Figure 128 — Read power valu&s+for dc read stability testing

cessive reads from a single Track withban HF-modulated read power as indicated in Figure 129.

The disk shall remain within all specifications in_the operating environment.
Higher HF rgad powers shall be applied-when specified in DI byes 40 to 43 (see 15.8.3.3, 15.8|3.4 and
15.8.3.5).

Read 2x.disks 4x disks 6x disks

Vglocity SL DL SL DL SL DL

1X 0,30mwW | 0,60 mW | 0,30 mW | 0,60 mW | 0,30 mW 0,60 mW

2X 0,35mW | 0,70 mW | 0,35 mW | 0,70 mW | 0,35 mW 0,70 mW

4 0,60mw | 1,20mwW | 0,60 mW 1,20 mW

6X 0,60 mW 1,20 mW

Figure 129 — Read power values for HF read stability testing

The modulation should fulfill the following requirements (see Figure 130):

184

modulation frequency (= 1/Thr-aser)

pulse width

ratio of peak power and average power

bottom level between peaks

(400 £ 40) MHz;

(300 + 30) ps;

7,0 + 0,7 at 1eref and 2eref 4,5 + 0,5 at 4eref al’ld GXVref;
flat.
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Light -
intensity

HF-laser

pulse width
(FWHM)

Additionplly, the SER (see 34.1) shall be < 4,2 x 10 in any LDC Block.
[Equivalpnt to <317 counts (= 4,2 x 103 x 75 392 bytes)].

31 Local defects

Defects [on the Recording Layer or in the Transmission Stack, such as “air bubbles” or “black d

dust end

track jumping or uncorrectable errors (see also 33.4 and Clause 34).

The sizq of such defects shall be

— air ubbles: diameter< 100 ym,

— blagk dots with birefringence: diameter < 150 ym, and
— blagk dots without birefringence;(" diameter < 150 pym.

32 Chpracteristics of-User Data

Clauses|
this Inte

User-wr

Figure 130 — Schematic representation of light pulses from LaseryDiode

losures in the Transmission Stack or pin holes in theyReflective Layer) shall not cause arn

32 to 34 describe a series of measurements to test conformance of the User Data on
national Standard. They check the legibility of User-written Data. The data is assumed tg

tten Data may have been written by any drive at any speed in any operating environment.

ots” (such as
y unintended

the disk with
be arbitrary.
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33 Method of testing for User Data

33.1 General
The read tests described in Clauses 32 to 34 shall be performed on the Reference drive.
Whereas, Clauses 24 to 30 disregard local defects, Clauses 32 to 34 includes them as unavoidable

deterioration of the read signals. The gravity of a defect is determined by the correctability of the ensuing
errors by the error detection and correction circuit in the read channel defined below. The requirements in

Clauses 32 to 34 define a minimum quality of the data, necessary for data interchange.

33.2 Envirdg

All signals sh

nment

all be within their specified ranges if the disk is in its range of allowed environmental cd

nditions

as defined in8.1.1.

33.3 Refergnce drive

33.3.1 Genefal

All signals shpll be measured in the appropriate channels of a Referencexdrive as specified in Clause 9.

33.3.2 Read|power

The read power is the optical power, incident on the Entrance-surface of the disk and only used for| reading
the informatign. The read power shall be (0,35 £ 0,1) mW foran SL disk and (0,70 £ 0,1) mW for a DL|disk.
33.3.3 Read|channels

The drive shall have two read channels as defined'in 9.5 and 9.6.

The HF signdl from the HF read channel.shall be equalized and filtered before processing. The threshpld level
for converting an HF signal into a binary~read signal shall be controlled to minimize the effects of Mark and
Space size thanges, due to parameter variations during writing. For measurement of disk quality, the
characteristics of the equalizer, filterand slicer, as well as the characteristics of the PLL shall be the same as
specified in Annex H (Limit Equalizer) for the jitter measurement.

33.3.4 Error{correction

Correction of |errors<ifsthe data bytes shall be carried out by an error detection and correction system hased

on the definit

ons in Clause 13.

33.3.5 Track

= PR +
YT CYUTTCTITCTItS

During the measurement of the signals, the axial tracking error between the focus of the optical beam and the
Recording Layer shall be maximum 80 nm, and the radial tracking error between the focus of the optical beam
and the centre of the Track shall be maximum 20 nm.

For 4x and 6x disks, local defects that cause large axial tracking errors shall be taken into account as
described in Annex .

33.3.6 Scanning velocities

The actual rotation speed of the disk shall be such that it results in an average Channel-bit rate of 66,000
Mbit/s or an average wobble frequency of 956,522 kHz.
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33.4 Definition of signals

Byte err

or

A byte error occurs when one or more bits in a byte have a wrong value, as detected by the related error
detection and/or correction circuits.

Burst error
A burst error is defined to be a sequence of bytes where there are not more than two correct bytes between
any two erroneous bytes. For determining burst errors, the bytes shall be ordered in the same sequence as
they were recorded on the disk (see 13.1 and 13.8).

The length of a burst error is defined as the total number of bytes counting from the first erroneous byte that is

separatg
that is s

The nun
correct

d by at least three correct bytes from the last preceding erroneous byte, until the last-e
bparated by at least three correct bytes from the first succeeding erroneous byte.

ber of erroneous bytes in a burst is defined as the actual number of bytes in“that burs
see example in Figure 131).

roneous byte

t that are not

Xl clclelxIx]clelx]lclx]xIx]cle]cl.c

[ x|

Symbol
The Syn
bytes in

Randonm Symbol Error Rate:

The Rai
burst er
calculati

<——— hburstlength =9 bytes ——
number of erroneous bytes in burst = 6

¢ = correct byte, x = erroneous byte

Figure 131 — Example-@f burst error
Error Rate:

hbol Error Rate (SER) averaged over N LDE,Blocks is defined as the total number of
the selected LDC Blocks divided by the total number of bytes in those LDC Blocks:

N
Z Eai
i=1

I x 75392

is the number of all.erroneous bytes in LDC Block i;

is the number'of/LDC Blocks.

dom Symbol Error Rate is defined as the Symbol Error Rate where all erroneous bytes
ors ofilength =240 bytes are counted neither in the numerator nor in the denominato
bn:

i(Eai - Ebi)

-1

N
Nx75392-> E,

i=1

is the number of all erroneous bytes in LDC Block i;
is the number of all erroneous bytes in burst errors = 40 bytes in LDC Block i;

is the number of LDC Blocks.

© ISO/IEC 2016 — All rights reserved

all erroneous

contained in
r of the SER

187


https://iecnorm.com/api/?name=e48e7f62e6c92076f38e0bcf8429bcb1

ISO/IEC 30190:2016(E)

34 Minimum quality of recorded information

34.1 Symbol Error Rate

When checking the quality of the disk, including defects, the area selecting for determining the SER shall be
written with arbitrary User Data. The SER shall fulfill the requirements as specified in 34.1.

The quality of continuously and discontinuously written sequences

Random SER averaged over any 10 000 consecutive LDC Blocks with the condition that all Blocks are

recorded in
Figure 46) ex

Random

34.2 Maxim

In each Recd
sum of the le

34.3 User-\

User-written
errors that ca

um burst errors

ngths of these burst errors shall be <600 bytes.

vritten Data

cluding disk defects, shall fulfill the following requirements:

SER < 2,0 x 10~ averaged over any 10 000 consecutive LDC Blocks.

Ice (see

rding-Unit Block, the number of burst errors with length 240 bytess/shall be less than 8|and the

Data in a Recording-Unit Block (RUB) as read in the HE read channel shall not contain any byte
hnot be corrected by the error correction system defined in Clause 13.
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A

The Zone between r; and rsis reserved for use as a Burst-Cutting Area (BCA). (see 15.2 and Figure 54).

The BCA shall be used to add information to the disk after completion of the manufacturing process.

The BCA code can be written by a high-power laser system in the case of Recordable disks.

All information in the BCA code shall be written in CAV mode, where every revolution has exactly the same

content,

which content shall be radial aligned (see Figure 132).

The BC

code is allowed to overlap the Protection-Zone 1 partially).

No BCA
visible o

The BC
Each of

The infd

22,0 mm on Layer LO.

The dec
otherwis
between

\ code shall be located between radius 213 %% mm and radius 22,033 mm on Layer

code shall be written on Layer L1, but some effect of writing the BCA cedée) on Laye
h Layer L1.

A code shall be written as a series of low-reflectance stripes arranged in circumferer
the stripes shall extend fully across the BCA in the radial direction:

rmation in the BCA code can be read by a drive at any radius between radius 21,3 m
sion to record BCA code is Application dependent. BCA code shall not be recorded in th

e specified by the Application. The format and the ‘€ontent of the BCA code is defined
the interchange patrties.

Burst-Cutting Area

BCA code

LO. (the BCA

LO could be

tial direction.

m and radius

e BCA unless
Dy agreement

Figure 132 — Schematic representation of BCA
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Annex A
(normative)

Thickness of Transmission Stacks in case of multiple layers

A.1 General

In case the total Transmission Stack consists of k layers, the following procedure shall be applied in
determining the thickness of the individual layers:

— the valugs d; .. dk represent the thicknesses of layers 1 .. k;
— the valugs n: .. nkrepresent the refractive indices of layers 1 .. k;

— let D(n) ke the nominal thickness at refractive index n according to Figure 19,

k-1
then the thickness d« of layer k should be equal to: dk:D(nk)x{l— D?i )] :
i1 P\,

A.2 Refragtive Index n;iof all layers in Cover and Spacer-Layers

The refractivg index, ni, of each layer in the Cover and Spacer shall'be 1,45 < ni< 1,70.

A.3 Thickmness variation of Transmission Stack

The Relative [Thickness of the Transmission Stack;\j;is defined as RT; :Z D((ji )
i—1 P\

The Relative| Thickness RT of the Transmission Stacks, measured over the whole disk, shall fulfill the
following requirements:

a) the Relative Thickness RTq dfithe Transmission Stack TS0 shall be: 95 <100 x RTo < 105;
b) the Relafive Thickness\RT1 of the Transmission Stack TS1 shall be: 70 =75 x RTy < 80.
NOTE The thicknegs\of the Recording Layer is very thin and negligible in the calculation of the thickness ih case of

Type DL/HTL disk.

A.4 Example of thickness calculation for SL

Assume a Cover sheet with refractive index n; = 1,70 and a nominal thickness of 75 um is attached to the
Substrate by a gluing sheet with a refractive index n, = 1,45.

From Figure 19 we can find: D(n1) = 102,4 and D(n2) = 98,5.

From the above given formula, we can calculate

d,-98,5x | 1-——>_|-26,356 um.
102,4

’
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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

— parallel method, and

— focyised method.

The reflgctivity of the disk is measured by the focused method with the help of a Reféerence digk with known
reflectivity, while the reflectivity of the Reference disk is calibrated by the parallel method.

When measuring the reflectivity in the focused way, only the light returned by-the’Reflective Layer of the disk
(Rm) will fall onto the photodetector. The reflected light coming from the front surface of the disk and the light
coming from the parasitic reflectance’s inside the disk will mainly fall outside the photodetectof. Because in
the parallel method only the “total” reflectance (R/) can be measured, @ ealculation is needed to fletermine the
“main” r¢flectance from the Reflective Layer.

B.2 Calibration method

A good Reference disk free of birefringence shall be chasen, for instance with a 0,1 mm glasg Cover Layer
with a gplden reflective mirror. This Reference disk shall be measured by a parallel beam as shpwn in Figure
B.1.

R, to
detector

IB
Incident
beam

Figure B.1 — Reflectivity calibration

In this figure, the following applies:

R = reflectivity of the Recording Layer (including the double pass Transmission Stack transmission);
r = reflectivity of the Entrance surface;

Rret = reflectivity as measured by the focused beam (is by definition = Ri, / Ig);

lze = incident beam;

Rs = reflectance caused by the reflectivity of the Entrance surface;
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Rm
Rint

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,

Ry

measured value (Rs + Rm + Rint).

The reflectivity of the Entrance surface is defined by

E

n_
n+1

1

T

where n is the index of refraction of the Cover Layer.

The main refl

ref =

— |0

The Referen
quadrants = |
determined a

Now the arrg
Recording L3
the Entrance

B.3 Meas
Reflectivity i

A method of measuring the reflectivity usingithé Reference drive.

bctance Rm = Ry — Rs —Rint which leads to

:
3

B

R// _

(1—r)2><(|

B

1-r X[Z—

e disk shall be measured on a Reference drive. The total deteetor current (the sum o
otal) Obtained from the Reference disk, and measured by the‘focused beam is equated
bove.

ngement is calibrated and the focused reflectivityisva linear function of the reflectivit
yer and the double pass Transmission Stack trafismission, independently from the refle
surface.

Liring method

h Unrecorded, virgin Recordable Areas

f all four
o0 Rm as

y of the
ctivity of

stigation
ve been

Area as

a) Measure|the total detector current/(Iivt I2)rer from the Reference disk with calibrated reflectivity Ryf.
b) Measure|the total detector current (11 + I2)e from a Groove Track in an area of the disk under inve
where the Groove Track andthe two adjacent Tracks on each side of the Groove Track never hg
recorded|
c) Calculate the unrecorded virgin disk reflectivity Rg.y in the Groove Tracks of the Recordable
follows.
IEX
Rg,vzi 13 X Riet
(|1+|2)ref
Reflectivity in Recorded Recordable Areas

A method of measuring the reflectivity using the Reference drive.

a)

b)

Measure the total detector current (I1 + I2)er from the Reference disk with calibrated reflectivity Ryer.

Measure lgy from a recorded Groove Track in an area of the disk under investigation where at least the

two adjacent Tracks on each side of the Groove Track also have been recorded. Recording of the Tracks
shall be done using the optimum powers as determined from the OPC algorithm (see Annex G).

c)

192

Calculate the recorded disk reflectivity Rgn in the Groove Tracks of the Recordable Area as follows.
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