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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC 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 non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
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Introduction

In March 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 of high-definition video content. This joint effort turned out to be fruitful and the BDF issued the

first version of

its Blu-ray Disc™ Rewritable Format Part1 Version 1.0, in June of 2002.

Then, in October 2004, more than a hundred companies joined and the BDF became an open forum called
the Blu-ray Disc Association (BDA). The BDA issued Version 2.1 of the Blu-ray Disc™ Rewritable Format
Part1 in October 2005 and Version 3.0 in June of 2010.

By the end of 2
devices such ¢

The BDA also
Testing Centrg

The BDA gavel
that Internatior
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(Japan Image
Standardizatio
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In December 2
ISO/IEC JTC 1
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disk) BD Rewr

This Internatio
rewritable optig

Some technicd

Standard idenfical withJJSO/IEC 30192:2013. In December of 2014, a Defect Report was submitted by t

Japan national
ISO/IEC 30192

010, over a hundred million of Blu-ray Disc™ had already been shipped and the Blusray
s players, recorders, game consoles and PC drives were in use all over the world:

conducts verification activities for both disks and devices and has established-more than
s in Asia, Europe and the USA.

consumer applications the highest priority in the first few years. But/it was known, of cou
al Standardization would be required before many government entities and their contrac
ed to use Blu-ray Disc™. In February and January of 2011, ISO/IEC JTC 1/SC 23 and JI
And Information Management Association) formally requested the BDA to consider Intern
n. The reason for this was to enable the inclusion of writable BDs, along with DVDs and (
| Standard specifying test methods for the estimation‘of lifetime of optical storage media
storage. In October 2011, the president of the BDAtesponded that his organization had
sue International Standards of the basic physical formats for the Recordable and Rewrita

011, BDA sent project proposals for thetihternational standardization of four formats to
/SC 23 via the Japan national body. Fhey are 120 mm Single Layer (25,0 Gbytes per di
,0 Gbytes per disk) BD Recordable, disks, 120 mm Single Layer (25,0 Gbytes per disk) a

er (128,0 Gbytes per disk).BD’'Recordable disks and 120 mm Triple Layer (100,0 Gbyteg
table disk.

nal Standard specifies the mechanical, physical and optical characteristics of a 120 mm
al disk with a capacity of 25,0 Gbytes or 50,0 Gbytes.

| errors were-found during the editorial work for JIS X 6232, which is the Japanese Indus

body of ISO/IEC JTC 1/SC 23. The project editor proposed a Draft Technical Corrigendy
2043 and it was approved by ISO/IEC JTC 1/SC 23 in May of 2015.This International

,0 Gbytes per disk) BD Rewritablé disks, 120 mm Triple Layer (100,0 Gbytes per disk) and
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Standard is the updated First edition of ISO/IEC 30192:2013, including the Technical Corrigendum and
additional corrections for some minor editorial errors.

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

http://www.blu-

raydisc.info.

The International Organization for Standardization (ISO) and International Electrotechnical Commission (IEC)
draw attention to the fact that it is claimed that compliance with this document may involve the use of patents.

ISO and IEC take no position concerning the evidence, validity and scope of these patent rights.
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The holders of these patent rights have assured ISO and IEC that they are willing to negotiate licenses under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,
the statements of holders of these patent rights are registered with ISO and IEC. Information may be obtained
from the following.

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

Hitachi, Ltd.,
IT Platform R&D Management Division Patent Strategy
3ZZ2-Z Nakazato, Odawara-shi, Kanagawa-Ken 250-0872Z Japan

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

Pioneer Corporation
Intellectual Property Division, Legal and Intellectual Property Division;
1-1, Shin-Ogura, Saiwai-ku, Kawasaki-Shi, Kanagawa, 212-0034,,Japan

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

Attentipn is drawn to the possibility that some of the elements of this document may be the subjgct of patent
rights gther than those identified above. ISO and IEC shall not be held responsible for identifying any or all
such pgtent rights.

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

NOTE Blu-ray™, Blu-ray Disc™ and the logos are trademarks of the Blu-ray Disc Associatign.
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Information technology — Digitally recorded media for
information interchange and storage — 120 mm Single Layer

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

1 Sq

This In
rewrita
and un
interch
reversi

This In
— tw
— CO

— éen

— mechanical and physical characteristics of ‘the disk, which allow mechanical interchangg

pr

cope

ernational Standard specifies the mechanical, physical and optical characteristics of a 12
ble optical disk with a capacity of 25,0 Gbytes or 50,0 Gbytes. It specifies the(quality of th
recorded signals, the format of the data and the recording method, thereby allowing for i
bnge by means of such disks. User data can be written, read and overwritten many times
ble method. A conforming disk is identified as a BD Rewritable disk:

ernational Standard specifies the following:
b related but different Types of this disk;
hditions for conformance;

vironments in which the disk is to be operated and stored;

bcessing systems;

0 mm

e recorded
formation
using a

between data

— fomat of the information on the disk;including the physical disposition of the Tracks and S¢ctors;

— er

— ch
frg

This In
volume

or-correcting codes and coding method used;

practeristics of the signals recorded on the disk, which enable data processing systen
m the disk.

and file stfucture, it provides for full data interchange between data processing systems
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2 Conformance

21

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

in accordance
2.3 Receivirn

A receiving sys
optical disks ag

2.4 Compatibility statement

A claim of conf
statement listin
the optical disk
reading and wr

3 Normati
The following

indispensable
the latest editig

ISO/IEC 646,
ISO 9352, Plas
IEC 60068-2-2
IEC 60068-2-3

IEC 60950-1, /

vith 2.1.
g system

tem shall be in conformance with this International Standard if it is able to handle both Ty
cording to 2.1.

brmance by a Generating or Receiving system with this International Standard shall inclu
g any other standards supported. This statement shall specify'the numbers of the standa
Types supported (where appropriate) and whether supportincludes reading only or both
ting.

ve references
documents, in whole or in part, are ‘normatively referenced in this document a

or its application. For dated referencesgonly the edition cited applies. For undated refe
n of the referenced document (including any amendments) applies.

nformation technology — ISO 7-bjt.coded character set for information interchange
tics — Determination of resistance to wear by abrasive wheels

Environment testing — Part 2-2: Tests — Test B: Dry heat

nformation teehnology equipment — Safety — Part 1: General requirements

D, Environment testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h + 12 h cy¢

pes of

de a
rds,

nd are
ences,

-

e)
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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 areas for a Content-
protection system and for its own Defect-Management system on the disk

4.2
BD
disk h;\/ing a Cover | ayer (A A) around 0 1 mm thick and a Substrate (A ’%7) around 1 1 mm thick on which

data is|read or recorded by an OPU using 405 nm laser diode and NA = 0,85 lens

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

4.3
Channel bit
element by which the binary value ZERO or ONE is represented by Pits (4.24)/Marks (4.18) and Spaces (4.36)
on the disk

4.4
Cover |Layer
transparent layer with precisely-controlled optical properties that)covers the Recording Layel closest to the
Entrange surface of the disk

4.5
Data Zpone n
area bg¢tween the Inner Zone and the Outer Zone onvLayer Ln (4.17)

4.6
Defectjve Cluster
Cluste in the User-Data Area (4.41) that has been registered in the Defect List because ft has become
unreliaple or uncorrectable

4.7
Digital-Sum Value
DSV
arithmetic sum obtained. from a bit stream by assigning the decimal value +1 to Channel bits (4.3) set to ONE
and the decimal value ~3/to channel bits set to ZERO

4.8
Disk :iference plane

plane defined by the perfect flat annular surface of an ideal spindle onto which the Clamping Area of the disk

is clamped that is normal to the axis of rotation

4.9

Embossed HFM Area

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

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

4.1

Erased Groove

blank Groove on the disk that has been erased by irradiating the Track using only erase power levels Pe1o and
Pe20 as determined by the OPC algorithm

© ISO/IEC 2016 — All rights reserved
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412
Groove
trench-like feat

ure of the disk connected to a Recording Layer

Note 1 to entry: In case of a Single-Layer disk, the Groove can be carried by the Substrate (4.37) and in
case of a Dual-Layer disk, one Groove can be carried by the Substrate and the other Groove by the Spacer
Layer (4.35) or the Cover Layer (4.4) (see Figure 1 and Figure 2). Grooves are used to define Track (4.38)

locations.
The Groove co
In general, the

If the Groove i
is called “On-(
the recording 1

In the BD Rew
Wobbled (
HFM Grog
Straight G

413
High-Frequen
HFM groove
Grooves (4.12

Note 1 to entr
replicated info

4.14
Information A
area on the dis

415
Information Zs
recorded part g

4.16
Land
surface of the §

4.17
Layer Ln
one Recording

rresponds to the area that has been exposed to the mastering spot.

Groove can be depression in the carrier or an elevation on the carrier.

broove recording”. If the Groove is farther from the Entrance surface (4.10) than the
hethod is called “In-Groove recording”.

itable system, there are three types of Groove:
broove (4.43) in Rewritable Area containing address information;
ve (4.13) in Embossed HFM Area (4.9) containing Permanent Information/and Control da

roove without any modulation in the BCA Zone.

cy Modulated Groove
modulated in the radial direction with a rather high bandwidth signal

y: HMF Groove creates a data channel with sufficient capacity and data rate for
mation.

rea
k in which information can be recorded

bne

f the Information Area (4({14)

Recording Layer between successive windings of a Groove (4.12)

Layer of the disk identified by n

Note 1 to entry

4.18
Marks

‘TLayer L(n + 1) is closer to the Entrance surface (4.710) of the disk than Layer Ln.

ethod
Land,

feature of the Recording Layer which may take the form of amorphous domains in the crystalline recording
film that can be sensed by the optical read-out system

Note 1 to entry

4.19
Measurement

: The pattern of Marks and Spaces (4.36) represents the data on the disk.

Velocity

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

Note 1 to entry
Velocity (4.30).

: nx Measurement Velocity means the Measurement Velocity of n times the Reference
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4.20

ISO/IEC 3

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

4.21
NRZ/N

RZI conversion

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

4.22

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

00h da

4.23
Phase

physical effect by which an area of a Recording Layer is irradiated by a laser beam and h

changsg

4.24
Pits
feature
surface

Note 1

4.25
Polariz
directid

Note 1
propag

4.26

Protec
optiong
other ty

4.27

Read-Modify-Write

proces
conten
Cluster

4.28

from a crystalline state to an amorphous state and vice versa

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

to entry: The pattern of Pits and Spaces (4.36) represents_the data on the disk.

ation
n of the electric field vector of an optical beam

to entry: The plane of Polarization is the plane containing the electric field vector and
ation of the beam.

tive Coating
| additional layer on top of thé-Cover Layer (4.4) provided for extra protection against
pes of damage

5 in a drive, when ,one or more but less than 32 Sector(s) in a Cluster have to be rewrit
of a 64K Cluster, which consists of 32 Sectors, replace the Sector(s) concerned and wr
to the disk

Recording Layer
part of| the” disk consisting of a stack of films of specific materials on or in which data is

[fawhen the host supplies 1ess than 3Z Seciors and need to 1l up the Cluster |
Change

0192:2016(E)

pated so as to

s of the Recording Layer which may take the form of depressions in or elevations on the Land (4.16)

the direction of

scratches and

en, to read full
te back the full

written during

manufacture and/or use

4.29

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 (4.30).

4.30
Refere

nce Velocity

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

Note 1

4.31

to entry: nx Reference Velocity means n times the Reference Velocity.

Reserved
<value> value(s) not used in this International Standard
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Note 1 to entry: In future standards, the value can be released.

4.32
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(s) can be assigned.

4.33

Rewritable Area

area on the disk where information can be recorded by means of marks (4.18) and spaces (4.36) using
the phase-change effect and during the manufacture and/or use of the disk

4.34
Sector
minimum-size addressable data part of a Track (4.38) in the Information Zone (4.15)

4.35
Spacer Layer
transparent layer with precisely-controlled optical properties separating two Recording Layers (4.28)

4.36
Spaces
areas separating Pits (4.24) or Marks (4.18) in the tangential direction in the eontext of HF signals

Note 1 to entry} The pattern of Pits/Marks and Spaces represents the dataon the disk.
4.37

Substrate
layer, which may be transparent or not, provided for mechanical support of the Recording Layer(s) (4.2§

~

4.38
Track
360° turn of thg continuous spiral formed by a Groove (4.12)

4.39
Track Pitch
distance between centrelines of a Groove4(4.12) in adjacent Tracks (4.38), measured in the radial direction

4.40
Transmission|Stack
all layers together between the Entrance surface (4.10) of the disk and the Recording Layer (4.28) concerned

U

Note 1 to entryf In otheprwords, the Transmission Stack of a specific Recording Layer consists of all laygrs
that are passed through by the light beam when accessing that Recording Layer.

4.41
User-Data Area
collection of all Data Zone(s) on the disk and consists only of the Clusters in which User Data can be recorded

4.42
Virgin Groove
blank Groove (4.12) on the disk which has never been recorded nor erased

4.43
Wobbled Groove
Groove (4.12) 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.

4.44
Zone
annular area of the disk
6
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5 Conventions and notations
5.1 Terminology
511 Meaning of words

In this International Standard, the following words have a special meaning.

May: indicates an action or feature that is optional.

Optional:  describes a feature that may or may not be implemented.
If implemented, the feature shall be implemented as described.

Shall: indicates an action or feature that is mandatory and to be implemented to claimcgpmpliance with
this International Standard.

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

Many tlmes, data is collected into that data can be collected into higher level@roups. For the clgrity of the
grouping hierarchy, in this International Standard, the following levels of hiefarchy will be used.

Frame the lowest level of grouping. Generally, frames contaimbytes of information.

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

CIusteL: the highest level of grouping. Clusters consist.of several blocks.
nt:

Fragm a level of grouping that can be applied by the application. A certain amount ¢f data will be

allocated to a (fixed) number of consecutive Clusters.

5.2 Representation of numbers

A measured value Xneasured May be rounded 6ff to the least significant digit of the corresponding|specified
value ¥ before being compared with this specified value.

EXAMIPLES:
— THhe specificationis: x =1,26

+0,01 .
-0,02 *

(npminal value = 1,26 with a positive tolerance of +0,01 and a negative tolerance of —0,02)
—1 A measured value~in‘the range 1,235 < Xpneasured < 1,275 fulfills this specification.
— TRhe specification is: X< 0,3:
—1 A measured Value Xmeasured < 0,35 fulfills this specification
(rgunding off(is.applied for 0,30 < Xmeasured < 0,35: Xrounded = 0,3).

— The specification is: x < 0,3:
— A’measured value Xmeasured = 0,299 fulfills this specification
(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 “maximum x units” or “minimum x units”, the measured value shall not
be rounded off before comparing to the specified value. Parameters given in this way shall not violate the
specified limits set by the exact value of x.

EXAMPLEs:
— The specification is maximum 0,3 mm:

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

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

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

— A measured value of 2,99 dB does not fulfill this specification.
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Numbers in decimal notation are represented by the digits 0 to 9. The decimal symbol is

numbers, the

(comma). In

(space) can be used as digit grouping symbol.

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 Ato F.

Numbers in binary notation and bit patterns are represented by strings of digits 0 and 1, with the most-

significant bit s
Negative value

In a pattern of

hown to the left. The character x in binary numbers represents a digit 0 or 1.
s of numbers in binary notation are given as two’s complement.

n bits, bit b, 4+, shall be the most-significant bit (msb) and bit by shall be the least-signific

t bit

(|Sb) Bit b(n_1) S

An uninterruptg

hall be recorded first.

d sequence of m 0’s in a bit pattern can be represented by [0™].

The setting of bits is denoted by ZERO and ONE.

In data fields ¢
Byte 0, shall bg

In a field of 8n
b(gn_1) shall be

In data fields c
0, shall be reca

In a field of 4n
b(4,7_1) shall be

A range of valu

A list of integen
k=0.7).1fth
step = 3).

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

bits, bit bn_1) shall be the most-significant bit (msb) and bit b the least-significant bit (Isb
ecorded first.

bmposed of nibbles, the data is recorded so that the most-significant nibble, identified as
rded first and the least-significant nibble last.

bits, bit bun—1y shall be the most-significant bit (msb) and bit b, the least-significant bit (Isb
ecorded first.

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

S is indicated as i .. j. The list confains all integers between j and j as well as i and j (e.qg.

A group of parameters is indicated @as'Param m..n or P, .. P,. The group contains all parameters with ar

between m andg
If x is nearly eq
5.3 Integer ¢

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

EXAMPLE div(

mod(+11,+3) = +2

5.4 Names

n as well as m and.n (e.g. byte 16..31, bit 7..4, AddO .. Add255).
ual to y, thefiitis expressed as x = y.

talculus

as

. Bit

Nibble

. Bit

e step size is different from one;this is indicated as: j, (i + step) .. j(e.g. k=1, 4 .. 16, where

index

bnts the integer part of the division of n by d.

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

+11,4#3) = +3 div(-11,+3) = -3

mod(-11,+3) = -2

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

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

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

6 Listofa
ac alte
ADIP

8

cronyms

rnating current

Address In Pre-Groove
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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

ISO/IEC 30192:2016(E)

CNR Carrier-to-Noise Ratio

dc direct current

DDS Disk-Definition Structure
DFL Defect List

DI Disk Information

DL Dual Layer

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

DOW(#) the n-th Overwrite

DOW(Q) the initial recording

DSV Digital-Sum Value

DWP Disk Write Protect

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 Rrequency

HFM High-Frequency Modulated
HMW Harmonic-Modulated Wave
HPF High-PassFilter

HTL High-To-Low

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

LPF Low-Pass Filter

LSB Least-Significant Byte

Isb least-significant bit

LSN Logical-Sector Number

MM MSK Mark

MSB Most-Significant Byte

ms Millisecond
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msb most-significant bit

MSK Minimum-Shift Keying

MW Monotone Wobble

NA Numerical Aperture

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

NRZ Non-Return-to-Zero

NRZI Non-Return-to-Zero Inverting

ns Narjosecond

NWL Norpinal Wobble Length
NWS Normalized Wobble Signal
OPU Optjcal Pick-up Unit

PAA Physical ADIP Address
PAC Physical-Access Control
PBA Pogsibly Bad Area

PIC Permanent Information and Control data
PLL Phgse-Lock Loop

PoA Pogt-amble

PP Pugh-Pull

pp peak-to-peak

PrA Pretamble

ps Picgsecond

PSN Physical-Sector Number
RH Relative Humidity

RMTR Repeated Minimum-Transition'Run-length

R-M-W  Regd-Modify-Write

RS Regd-Solomon (code)

RT Relative Thickness

RUB Redording-Unit Block

RxIn Reflectivity x In Resolution
RxM Reflectivity < Modutation
SER Symbol Error Rate

SHD Second-Harmonic Distortion
SHL Second-Harmonic Level
SL Single Layer

SNR Signal-to-Noise Ratio
SPS Start-Position Shift

STW Saw-Tooth Wobble

Sync Synchronization

TP Track Pitch

TS Transmission Stack

10
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WP
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Wobbles
Write Protect

7 General descriptions 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 phase-change recording technology. Recorded amorphous Marks
have lower reflection than the crystalline Spaces of Unrecorded Layer(s).

This In

Type S
Recorg
(see Fi

Type L
Recordg
seen f1

ernational Standard provides for two Types of disks

L disk: the Substrate is covered with a Recording Layer, consisting of several films: On
ing Layer, a transparent Cover Layer of 0,1 mm is applied with precisely-defined’optical
gure 1). The capacity is 25,0 Gbytes.

L disk: the Substrate is covered with two Recording Layers, each consisting of several fi
ing Layers are separated by a transparent Spacer Layer of about 0;025 mm. The first Rq
pm the read-out side of the disk shall be semi-transparent. On.top/of this Recording Lays

transparent Cover Layer of about 0,075 mm is applied. Both the Spacer Layer and the Cover L3

precise

To imp

coatingd.

Data c
read w

ly-defined optical characteristics (see Figure 2). The capag€ity is 50,0 Gbytes.

rove scratch resistance of the disk, the Cover Layeroptionally can be protected with an g

hn be written and overwritten onto the disk with a high-power focused optical beam. The
th a low-power focused optical beam, using'the difference in the reflectivity of the amorp

and the¢ crystalline Spaces.

The Re
naviga

Recorg
Cover

For ref
is calle

cording Layer(s) contain Wobbled Groove(s) with addresses that enable a speed control
ion system for data to be read.from or written to the Recording Layer concerned.

ing and reading of the data’is accomplished through the Cover Layer or through the tota

bp of this
Characteristics

ms. The two
cording Layer
r,a

yer shall have

dditional hard

Hata can be
hous Marks

and

stack of

ayer, first Recording ‘kayer and Spacer Layer, depending on which Recording Layer is ipvolved.

Brence purposes, a layer that the light beam passes through when accessing a certain R
d a Transmission Stack of that specific Recording Layer (see Figure 1 and Figure 2).

bcording Layer

© ISO/IEC 2016 — All rights reserved

11


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

direction of

rotation

>

Transmission | V\
Stack \ Substrate Recording
\ Layer

/

(Protective Coating)

Entrance surface
for optical beam

Figure 1 — Outline of Type SL disk

direction of
rotation

e

Recording

Layer LO
Transtpission Stac
0 Substrate
Transmission 4 Recording
Stack 1 vV Layer L1

Spacer Layer

/ Cover Layer
Entrance surface

(Protective Coating)

for optical beam

Figure 2 — Outline of Type DL disk

This International Standard specifies two kinds of Recording Velocity: 1x and 2x.

Figure 3 shows the Recording Velocity requirements for each Disk Type. At least one of the Write Strategies is
reqgired for each Recording Velocity.

12
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. Mark Push-Pull Layer Recording Velocit
Disk Type polarity polarity Ty);)e 1x 7 2X ’
Type SL HTL On-Groove SL m m
Type DL HTL On-Groove® DL m m
m Mandatory.
@ Groove polarity shall be On-Groove for both Layer LO and Layer L1.

Figure 3 — Recording Velocity requirements for Disk Type

8 G
8.1 E
8.1.1

8.1.1.1

During
the tes

shall have following properties:

re

No con
sufficie

8.1.1.2

Some

temperature:

atmospheric pressure:

eneral requirements
Environments

Test environment
General

measurements for testing conformance of a disk with this International Standard, the dis
environment. The test environment is the environment wherethe air immediately surrou

(23 +2) °C;
45 % to 55 %;
86 kPa to 106.kPa.

ative humidity:
densation on the disk shall occur. Before te€sting, the disk shall be conditioned in this eny
nt time.

Test conditions for sudden changes in operating environment

barameters can be rather sensijtive to changes in the operating environment. Where sped

followi
time it
a
h

a
1

g two tests shall be perfarmed. In both cases, the required specifications shall be fulfilleq
akes for the disk to acclimatize to the new environment.

ply a sudden change in relative humidity, while keeping the temperature at a constan
midity = 90 %, temperature = 25 °C - relative humidity = 45 %, temperature = 25 °C (se

ply a sudden change in temperature, while keeping the absolute humidity at a co
4 g/m*);_temperature = 25 °C, relative humidity = 45 % > temperature = 55 °C, rela
% (see Figure 4).

shall be in

nding the disk

ironment for a

ified, the
during the

t level: relative
e Figure 4).

nstant level (=
tive humidity =

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

rel

temperature:

absolute humidity:
atmospheric pressure:

5 °C to 55 °C;

3 % to 90 %;

0,5 g/m® to 30 g/m?;
60 kPa to 106 kPa.

ative humidity:

There shall be no condensation of moisture on the disk. If a disk has been exposed to conditions outside those
specified above, it shall be acclimatized in an operating environment for at least 2 hours before use.

© ISO/IEC 2016 — All rights reserved

13


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

absolute air humidity, g_,-"m:i
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temperature, °C

FEigure 4 — Operating environment
8.1.3 Storgge environment
8.1.31  Gengral

The storage environmentis an environment where the air immediately surrounding the optical disk shall

have
the following properties:
— temperatuke: 10-2G+e-56-2C:
— relative humidity: 5 % to 90 %;
— absolute humidity: 1 g/m® to 30 g/m?;
— atmospheric pressure: 60 kPa to 106 kPa;
— temperature variation max.: 15 °C/h;
— relative humidity variation max.: 10 %/h.

8.1.3.2 Climatic storage tests

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

Dry heat test according to IEC 60068-2-2 Ba:

T =55°C, RH =50%, 96 hours.

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

Thigh = 40 °C, Tiow = 25 °C, RH = 95 %, cycle time = (12 + 12) hours, 6 cycles.

14
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After exposure to these environmental conditions, one should allow for some recovery time before measuring
(24 hours or 48 hours).

8.1.4 Transportation
8.1.41 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__ Packaging

8.1.4.211 General

The for:Lm of packaging should be agreed upon between sender and recipient or, in absence of quch an
agreenpent, is the responsibility of the sender. It should take into account the following’hazards.

8.1.4.212 Temperature and humidity

Insulatlon and wrapping should be designed to maintain the conditions fer, storage over the estiated period of
transpgrtation.

8.1.4.213 Impact loads and vibrations

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

b) Avpid dropping the disk.

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

d) The final box should have a clean interior and @sconstruction that provides sealing to prevent the ingress
of |dirt and moisture.

8.2 $Safety requirements

The digk shall satisfy the requirement0of IEC 60950-1, when used in the intended manner or in any
foresegable uses in an information:system.

8.3 Klammability

The digk shall be madefrom materials that comply with the flammability class for HB materials, pr better, as
specifigd in IEC 60950-1.

9 Reference’drive

9.1 eneral

A Reference drive shall be used for the measurement of optical and electrical signal parameters in order to
confirm that a disk is in conformance with the requirements of this International Standard. The characteristincs
of the critical components of this device are specified in Clause 9.

9.2 Environmental conditions
During tests, the disk shall be in a test environment as defined in 8.1.1, unless stated otherwise.
9.3 Optical system

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

15
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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.

L=l +1,

HF read channel

A polarizing be
coming from th
light beam tran

The optical bed
minimized for t
the radius whe

During measur|
measurements

limited dimensi

Radial PP
read channel
T Il—lz
L
+ =l 41y |
[} I
a s b IRINIATA
— I Quadrant
Tangential \j | | photodetector
Track d le !
direction :
|
| _ _
I
e [ B it Disk
Laser Collimator Polarizing SA 14\ Objective
diode lens beam splitter  corrector plate lens

Figure 5 — Optical system of Reference drive

m shall be compensated for Spherical Aberrations (SA) such that these aberrations are
ne thickness of the Transmission Stack of the Recording Layer on which the beam is fociyised at
'e the measurement is to be performed.

bments-on one Layer of a Dual-Layer disk, light reflected from the other Layer can influe
om the Layer under investigation. To cope with these effects, the photodetector shall have

magnification from the disk to its conjugate plane near the quadrant photodetector.

16

am splitter and a quarter-wavelength plate shall be used to separate the entrance light bgam,
e laser diode, and light beam'reflected by the optical disk going towards the photodetectq
smitted through the splitter shall have a p:s intensity ratio of at least 100:1.

r. The

ce the

al
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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 (1) of the laser beam:

— Polarization:

— NA:

— Lig

— M
(a

— Maximum relative-intensity noise of the laser diode:

— Nd

— R

— W

9.5 K

The HF

ht intensity at the rim of the pupil of the objective lens relative to the maximum intensity:
in the tangential direction:
in the radial direction:

ximum wave-front aberration at the Recording Layer(s):
ter correction of tilt and spherical aberrations)

ac light density
/i

10x 1o
g dc light power

rmalized detector size:
(where S is the total surface of the quadrant photedetector)

ad power for disk testing (average):
SL disk: ©
DL disk: (O
ite power and pulse shape: see 29.4.]

iF read channel

F read channel is provided to supply a signal from which User Data can be retrieved. This

gener.

currents are modulated-by the user-written information due to the difference in reflectivity of the
Spaces caused by-the Phase-Change effects.

In the frequencyrange from dc to 22 MHz the HF read channel, including the photodetectors, sk
amplityde-response within £1,0 dB relative to its dc gain.

ed by summing the currents from all four elements of the photodetector (I, + I, + I + ).

(405 +5) nm
circular
0,85+ 0,01
(60 +£5) %
(65+5) %

0,033 x A rms

-125 dB/Hz

S/IM? < 25 pm?

P and Annex F

signal is
These
Marks and

all have a flat

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

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

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

The radial tracking error is generated as a signal [(/a + 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 their dc gain from dc to 8 MHz.

9.7 Disk CIaning

While its parameters are being measured, the disk shall be clamped between two concentric rings-covefing
most of the Clgmping Zone (see 10.6). The top Clamping Area shall have the same inner and.outer
diameters as the bottom Clamping Area (see Figure 6).

Clamping shallloccur between d;, = (23,5 £ 0,5) mm and doy: = (32,5 £ 0,5) mm.
The total clamping force shallbe F1=2,0 N+ 0,5 N.

In order to preyent 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 6).

The top angle ¢ of the tapered cone for centring of the disk shalkbe 40,0° + 0,5°.

dout |

A

Fa

Figure 6 — Clamping conditions for measurement
9.8 Rotation of the disk and Measurement Velocity
The direction of rotation shall be counter-clockwise as viewed from the objective lens.

All specifications are based on a tangential speed during reading that is equal to the Reference Velocity. This
corresponds to a Constant Linear Velocity of 4,917 m/s.

Tests for determining the recording characteristics of BD Rewritable disks shall be carried out at all Velocities
defined in each of the DI Units that are present on the disk (see 15.8.3).
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9.9 Normalized servo transfer function

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

3xiw
+

where

w| =2 xf;

wq =21 % fy;

Wit = 277 X fing;

2| =-1;

K| = order of integrator.

Here, f}) is the 0 dB crossover frequency of the open-loop transfer function: The crossover frequencies of the
lead-lag network of the servo are given by the following:

— lead break frequency: fi=1!3;
— lag break frequency: fo=1fox 3.

The tefm [1+ﬂj in the formula above represents anintegrator function. Such an integrator of equivalent
iw

functioh is used to further reduce of low-frequency.components, especially those due to deviatigns with
frequemcies equal to the rotational frequency ofithe disk or its harmonics.

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

Anothdr frequency of importance is the frequency fx at which a sinusoidal displacement with an pmplitude
equal tp the maximum allowed residual tracking error enax, corresponds to the maximum expecied
accelefation anax- This frequency can be calculated as follows:

fX _ L Amax

2\ esan
Because thetracking-error signals from the disk can have rather large variations, the tracking-efror signal fed
into eaph Reference servo loop shall be adjusted to a fixed level (effectively calibrating the totalloop gain),

which guarantees the specified bandwidth.
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9.10 Measurement Velocity and Reference servo for axial tracking

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

gain (dB)

100
Q7 () Seteteetutatutatatatastasutesun .

80 _//_\
77,00 \
gg‘:g:___::::::::::::::::::X_W\
40 \
"

1 10 36 100 1x10° 10 x10®* 100 x103

frequency (Hz)
Figure 7 — Servo characteristic for axial tracking

The crossover frequency f of Hy(f) (see 9.9) used to define the limits of |1+ H(f) |, is specified by the
following formyla. where ayax = 6,0 m/s? is theé-maximum expected axial acceleration due to local

disturbances, gnd anmax is multiplied by a factor m = 1,25 for servo margin. The tracking error enax, causgd by
this m x anax, g§hall be 55 nm. Thus, the 0-dB crossover frequency shall be:

A :i\/ng \/M_32 kHz
2m emax 2 55%x10

The integrator B dB cressover frequency shall be: fint = 100 Hz.

In the freque r:y range 100 Hz to 10 kHz:

400/ 4 400/ of |4 T
|1 +H(f)| shalHbe-withinr—4+0-%to—+4+6-%of L TIN(T )T~

In the frequency range 36 Hz to 100 Hz:

|1+ H(f) | shall be within the limits defined by the following four points:
52,9 dB at 100 Hz (|1 + Hn(H! at 100 Hz - 10 %);
54,6 dB at 100 Hz (|1 + Hn(H | at 100 Hz + 10 %);
77,0 dB at 36 Hz (|1 + Hn(H | at 36 Hz — 10 %);

97,0 dB at 36 Hz (|1 + Hn(H| at 36 Hz — 10 % + 20 dB).

In the frequency range up to 36 Hz:
|1+ H(f)| shall be between 77,0 dB and 97,0 dB.

The frequency fx has the following value: f, :L max _ L Lg ~16 kHz
2\ emnax  2m\55x10°
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9.11 Measurement Velocity and Reference servo for radial tracking

Regarding the open-loop transfer function H(f) of the Reference servo for radial tracking, |1 + H(f)| is shown

schematically by the shaded area in Figure 8.

gain (dB)

000 |1
99 0 "

790 :\
56,6 [~ -
54,9 ﬂ\

40 E \
20 5

N

1 10 36 100 1x10% 10 x10® 100 x10%
frequency (Hz)

Figure 8 —Servo characteristic for radial tracking

The crgssover frequency fy of Hy(f)(see 9.9) which is used to define the limits of 11+ H(f) |, is gpecified by the
following formula, and dpax = 2,2 m/s? is the worst-case maximum expected radial acceleration gue to local

disturbpnces, which anax is.Multiplied by a factor m = 1,25 for servo margin. The tracking error gnax, cCaused by
this m k amax, Shall be 16(nm. Thus, the 0-dB crossover frequency shall be as follows.

| 1 [3xmXOmax _ 1 M:&G kHz
om e 2\ 16x10

max

The inlregrator 3 dB crossover frequency shall be: fint = 100 Hz.

In the frequency range 100 Hz to 10 kHz:
|1+ H(f)| shall be within —10 % to +10 % of | 1 + Hn(f)|

In the frequency range 36 Hz to 100 Hz:
|1+ H| shall be within the limits defined by the following four points:
54,9 dB at 100 Hz (11 + Hy(n| at 100 Hz - 10 %)

56,6 dB at 100 Hz (|1 + Hy(f| at 100 Hz + 10 %)
79,0 dB at 36 Hz (|1 + Hy(H! at 36 Hz— 10 %)
99,0 dB at 36 Hz (|1 + Hy(H!| at 36 Hz — 10 % + 20 dB)

In the frequency range up to 36 Hz:
|1+ H(f)| shall be between 79,0 dB and 99,0 dB.
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The frequency fx has the following value: f, :2i }@ = ZL fﬁ ~ 18 kHz
T\ €nax 1L x10~

10 Dimensional characteristics

10.1 General

Dimensional characteristics are specified for those parameters deemed mandatory for interchange and
compatible use of the disk. Where there is freedom of design, only the functional characteristics of the

elements described are indicated. Figure 9 shows the dimensional requirements in summarized form. The
different parts ¢ the diSk are described from the cenire hole 1o the outside Rim.

First Second
transition Area transition Area
: Clamping Rim
Centre Zone ' o
\'Z Information Area

hole |

Figure 9 — Overview of disk dimensions

10.2 Disk reference planes and-reference axis

For Disk reference planes;see also Figure 10 and Figure 11.

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

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

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

The Disk reference plane R is a plane parallel to the Disk reference plane P. The distance between Disk
reference plane R and Disk reference plane P shall be e, = 100 + 25 um towards the inside of the disk (see
Figure 10 and Figure 11).

The Disk reference plane R shall intersect with Recording Layer LO at Layer LO's average position between
radius r, = 23 mm and r, = 24 mm (Layer LO is the only Recording Layer on an SL disk or the deepest
Recording Layer on a DL disk).
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> Detail of smooth transition
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Figure 10 — Details of disk dimensions
l Centre hole
< .
s Recording layer LO
Ia Substrate
? a.?
: Cover Layer
N Turn table

Figure 11 — Details of Disk reference planes P and R and Recording Layer
L0 10.3 Overall dimensions
The overall outer diameter of the disk shall be d; = (120,0 + 0,3) mm (see Figure 9).
The diameter of the centre hole shall be d, = 15,00 *§39  mm (see Figure 9).
There shall be no burr on the edge of the centre hole at the read-out side.
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The edge of the centre hole at the read-out side is the reference for centring the disk and shall be rounded off
or chamfered. The rounding radius shall be maximum r, = 0,1 mm. The height of chamfer shall be maximum
0,1 mm above the bottom surface of the First transition Area. The rounding or chamfer shall be maximum

hy = 0,25 mm from Disk reference plane P (see detail in Figure 10).

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

Maximum thickness of the disk, including Cover Layer, Protective Coating and Label printing, at any radius
shall be e = 1,40 mm (see Figure 10).

Minimum thick||1ess of the disk in the Information Area shall be e; = 0,90 mm.

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

Outside the Clamping Zone, the top surface may be outside the Disk reference plane Q by maximum
hz = 0,1 mm (sge Figure 10).

10.4 First transition Area

In the Inner Arga inside the Clamping Zone (d < dg), the surfaces may be nside the Disk reference plangs P
and Q by maximum hs = 0,20 mm and maximum h, = 0,12 mm, respettively. These surfaces may be urjeven
or may have bdirrs up to maximum h; = 0,05 mm and hg = 0,05 mnmroutside the Disk reference planes Pjand Q,
respectively (sIe Figure 9 and Figure 10).

10.5 Protectipn ring

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

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

Between d, andl ds, the height &f the Protection ring shall sink gradually to the surrounding surface (see|Figure
10).

10.6 Clampinlg Zone

The inner diametet,of the disk Clamping Zone shall be ds < 23,0 mm
The outer diameter of the disk Clamping Zone shall be d; > 33,0 mm (see Figure 9).

The thickness of the disk within the Clamping Zone shall be e; = 1,20f%’110?5 mm (see Figure 10).

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

10.7 Second transition Area

The Second transition Area is an area between the Clamping Zone and the Information Area: d; < d < dg (see
Figure 9).

In the Second transition area, the surface at the read-out side of the disk may be inside the reference plane P
by maximum hg = 0,12 mm. This surface may be outside the Entrance surface in the Information Area by
maximum hyo = 0,01 mm (see Figure 10).
24
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In the Second transition area, the top surface of the disk may be outside the Disk Reference plane Q by
maximum hqq = 0,2 mm.

The step from the top surface in the area to the top surface in the Information Area is hqg. The distance
between the start and the end diameters of the step is /5. If h1g > 0,2 mm, then the slope down to the top
surface of the Information Area shall be smooth and /; > 1,8 mm, as indicated in Figure 10. If the top surface in
the Information Area is stepped down from the top surface in the Second transition area, then the step shall
end within diameter dg = 40,0 mm.

10.8 Information Area

10.8.1

The inf
Figure

On ead

—Gemnerat

12).

prmation area shall extend from diameter dy = 42 mm to diameter dyo = 117 mm (s&éFig

h Recording Layer, the Data Zone shall be located between inner diameterdpz and outg
he Data Zones on all Recording Layers shall have the same storage capacity.

The inper diameter dpz on Recording Layer Ln shall be dpz, = 48,0_%’?2 mm’ while and the outer

on Red

The ar
Zone (

ording Layer Ln shall be dpzo, <116,2 mm.

pa between dy and dpz is called the Inner Zone and thesarea between dpzo and dyg is call
bee Figure 12). The total thickness of the disk in the Information Area is as specified in 10.

/-

Y
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Information Area
Inner Zong Quter Zon
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dDZI
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10.8.2

Figure 12 — Division of Information Area

Subdivisions of Information Zone on SL disk

The Information Area is used to record the Information Zone.
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The Information Zone is subdivided into the following main parts (see Figure

13): — Lead-i
Data Zone

n Zone (part of the Inner Zone);

Lead-out Zone (Outer Zone).

Substrate
Recording .
L Lead-in Zone Data Zane Lead-out Zone
ayer
—_—
spiral direction

Qover Layer

inner side ptical outerside

of disk beam ofrdisk

The Lead-in Zg
beginning of th

The Lead-out 4
in diameter.

10.8.3

The Informatio
The Informatio

On Recording
Lead-in Zq
Data Zondg
Outer Zon

On Recording
Outer Zon
Data Zonsg
Lead-out 4

On Layer LO,
On Layer L1, t

|

Figure 13 — Subdivision of Information Zone on SL disk

ne starts in the area extending from 44,0 mm to 44,4 mm in diameter and shall end at th

e Data Zone at diameter dpz.

one shall start at the end of the Data Zone at diameter.dpzg and shall end at minimum 1

Subdivisions of Information Zone on DL disks

N Area is used to record the Information Zone; divided over the two Recording Layers.
 Zone is subdivided into the following main parts (see Figure 14).

L ayer LO

ne (part of the Inner Zone 0),
0, and

e 0.

L ayer L1
e 1,
1, and
fone (part of the Inner Zone 1).

e spiral:Groove shall run from the inner side of the disk towards the outer side of the disk.
e spiral Groove shall run from the outer side of the disk towards the inner side of the disk.

1%

7 mm

Substrate

Recording .

Layer LO Lead-in Zone Data Zone O Outer Zone 0
—_—

Spacer Layer spiral direction

Recording
Layer L1 Lead-out Zone / \ Data Zone 1 Outer Zone 1
Cover Layer spiral direction
inner side Optical outer side
of disk beam of disk
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Figure 14 — Subdivision of Information Zone on DL disk
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The Lead-in Zone starts in the area extending from 44,0 mm to 44,4 mm in diameter and shall end at the
beginning of the Data Zone 0 at diameter dpz;.

The Outer Zone 0 shall start at the end of the Data Zone 0 at diameter dpzoo and shall end at minimum
117 mm in diameter.

The Outer Zone 1 shall start at minimum 117 mm in diameter and shall end at the beginning of Data Zone 1 at
diameter dpzo1.

The Lead-out Zone shall start at the end of the Data Zone 1 at diameter dpz4 and shall end in the area
extending from diameter 44,0 mm to diameter 44,4 mm.

10.9 Rim Area

The Rim Area is the area outside the Information Area, starting at dyo and extending to.the-outer diameter of
the disk (see Figure 9).

In the first 0,5 mm of the Rim Area, the surface at the read-out side of the disk shall not be outside the
Entrange surface in the Information Area.

In the femainder of the Rim Area, the surface at the read-out side of thé disk shall not be outsidg the Entrance
surfacg in the Information Area by maximum h;; = 0,05 mm (see Figute 10).

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 hq4 = 0,12 mm (see Figure 10).

In the Rim Area, the top surface of the disk shall not be autside the top surface in the Information Area by
maximpm hys = 0,05 mm (see Figure 10).

11 Mechanical characteristics

11.1 Mass

The mass, m, of the disk shall be.12g<m <17 g.
11.2 Moment of inertia

The moment of inertia of the disk shall be <0,032 g.mz.
11.3 Dynamic imbalance

The dypamic imbalance of the disk shall be < 2,5 g.mm.

1 1 .4 H)\id: I uuuut

11.41 General

When measured by an optical system using the Reference servo for axial tracking and with the disk rotating at
a scanning velocity of 4,917 m/s (for all capacities), the distance between each Recording Layer and the Disk
reference plane R (see Figure 10 and Figure 11) in the direction of the reference axis A shall be maximum

hi2 = 0,3 mm over the entire disk.

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

At the inner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds to a maximum acceleration of

about 4,6 m/s?, based upon a sinusoidal deviation at the rotational frequency of the disk.
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Due to the integrator function in the reference servo (see 9.10), this component will be suppressed sufficiently
such that the residual tracking errors as defined in 11.4.2 are mainly due to local disturbances.

11.4.2

Residual axial tracking error

The residual axial tracking error of each Recording Layer for frequencies below 1,6 kHz (= fx, see 9.10),
measured using the Reference servo for axial tracking as specified in 9.10, shall be maximum 45 nm
(displacement of the objective lens needed to move the focal point of the optical beam onto the Recording

Layer).

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

excluded. See A

The measuring

This means th4
direction of the

The rms noise

an integration §me of 20 ms and using the Reference servo for axial tracking, shall.bé at maximum 32 n
filter shall be a Butterworth BPF, from f_34g = 1,6 kHz with slope = +60 dB/decade, to 345 = 10

The measuring
kHz with slope

11.5 Radial rinout

11.5.1
The runout of t

The radial run
measured by 3
scanning velog

The radial rung

At the inner sid
about 1,7 m/s?

Due to the inte
sufficiently sucl
disturbances.

Gengéral

]
TITTCAT.

filter shall be a Butterworth LPF, with f34g = 1,6 kHz and slope = —60 dB/decade.

t for frequencies <1,6 kHz, the maximum local acceleration of the Recordingayer in the
reference axis A will not exceed 6,0 m/s?.

value of the residual error signal in the frequency band from 1,6 kHz to 10 kHz, measure

= -60 dB/decade.

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

but of the Tracks in each Recording Layer (including eccentricity and unroundness) s
n optical system using the Referencé’servo for radial tracking, while the disk is rotati
ty of 4,917 m/s (for all capacities):

ut shall be maximum 75 pm.pp (SL and DL disks).

based upon a sinuseidal deviation at the rotational frequency of the disk.

grator functionvin the Reference servo (see 9.11), this component will be suppressed
N that the résidual tracking errors as defined in 11.5.2 and 11.5.3 are mainly due to local

The residual tra
measurement &

11.5.2

H with
m.

hall be
hg at a

e of the disk, rotating.at a velocity of 4,917 m/s, this corresponds to a maximum acceleration of

both

Residual radial tracking error on SL disks

The residual radial tracking error for frequencies below 1,8 kHz (= fx, see 9.11), measured using the reference

servo for radial

tracking as specified in 9.11, shall be a maximum of 9 nm.

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

excluded. See

Annex |.

The measuring filter shall be a Butterworth LPF, with f34g = 1,8 kHz and slope = 60 dB/decade.

This means that for frequencies <1,8 kHz the maximum local acceleration of the Tracks in the radial direction
will not exceed 1,5 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 6,4 nm. The
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measuring filter shall be a Butterworth BPF, from f_34g = 1,8 kHz with slope = +60 dB/decade, to f 34 = 10 kHz
with slope = —60 dB/decade.

11.5.3 Residual radial tracking error on DL disks

The residual radial tracking error in each Recording Layer at frequencies below 1,8 kHz (= fx, see 9.11),
measured using the Reference servo for radial tracking as specified in 9.11, shall be a maximum of 13 nm.

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

The measuring filter shall be a Butterworth | PE_with fo4g = 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 exdeed 2,2 m/s>.

The rms noise value of the residual error signal in the frequency band from 1,8 kHz't0"10 kHz, measured with
an intefration time of 20 ms and using the reference servo for radial tracking, shalbe a maximym of 9,2 nm.
The me¢asuring filter shall be a Butterworth BPF, from f_34g = 1,8 kHz with slope = +60 dB/decade, to

f_3¢s = [10 kHz with slope = —60 dB/decade.

11.6 Durability of Cover Layer
11.6.1| Impact resistance of Cover Layer

To preyent excessive damage by accidential impact, the . Entrance surface of the disk should haje a certain
minimym impact resistance.

The minimum impact resistance can be tested by.procedures described in Annex L.
11.6.2| Scratch resistance of Cover Layér

To preyent excessive scratching, the stitface of the disk shall have at least a certain minimum hrdness.
The scfatch resistance shall be tested by a procedure described in Annex C.

11.6.3| Repulsion of fingerprints by Cover Layer

To preyent excessive contamination, the surface of the disk shall repel grime as much as possibjle.

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

12 Optical characteristics in Information Area

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

These specifications of the Transmission Stacks (TS) include all possible layers on top of the Recording Layer
concerned (such as gluing layers in case of foils, the Spacer Layer and the semi-transparent Recording Layer
of 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 indexes, then the procedure described in Annex A
shall be followed.

The refractive index n of the Cover Layer and Spacer Layer of the disk shall be 1,45 <n < 1,70.
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12.3 Thickness of Transmission Stack(s)
12.3.1 Thickness of Transmission Stack of SL disks

The average thickness between radius r, and radius r, is called the Reference Thickness of the Transmission
Stack (TS) on the disk (see 10.2 and Figure 11).

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

a) the thickness of the TS, as determined by its refractive index, shall be within the upper shaded area in
Figure 15 (In case of a refract|ve |ndex of 1,6 the th|ckness shall be between 95 pm and 105 um and the

b) the maximum deviation AD of the thickness of the TS from the Reference Thickness shall~xmeget the
requiremept |AD| <2,0 pm.

12.3.2 Thickness of Transmission Stack of DL disks

The average thickness between radius r, and radius r, is called the Reference Thickness of the related
Transmission $tack (TS0 or TS1) on the disk.

The thickness ¢f TS0 and TS1, measured over the whole disk, shall fulfill the(fellowing four requirements:

a) the thickngss of TSO (all layers on top of Layer L0O), as determined by its refractive index, shall bg within
the upper|shaded area in Figure 15 (in case of a refractive index\of 1,6, the thickness shall be bgtween
95 um angl 105 um and the dashed line indicates the nominal*thickness as a function of the refractive
index);

b) the thickngss of TS1 (all layers on top of Layer L1), . as‘determined by its refractive index, shall bg within
the lower shaded area in Figure 15 (in case of a refractive index of 1,6, the thickness shall be between
70 um ang 80 um and the dashed line indicatessthe nominal thickness as a function of the refractive
index);

c) the thickngss of the Spacer Layer shall be between 20 um and 30 pum;

d) the maximum deviation AD of the’ thicknesses of TSO and TS1 from their respective Reference
Thicknessgs shall meet the requirement |AD] <2,0 um.

30
© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

108 T T T T
P
104
102 oo 102,4
G - 101,1
100 O DR 100,0
e BT T s 99,2
98,5F-------- Bl R b R bbbt bbb bbb Rty 98,6
98
E /
2 96
S
S P
nh %4
[
o
‘»
Rl
e = =
n
[
o
|_
g 81 N
“6 /
@ 79
0]
£
o 77
= _ - —®-------- 76,7
= o BT 75,8
75 - LT T . — - - 75,0
22 L s 74,4
744 F-------- IR SR o o e e N o 74’7
73
71 /
[
69
1,40 1,45 1,50 1,55 1,60 1,65 1,70 1,7%
Refractive index of the Transmission Stack
Figure15 — Thickness of Transmission Stacks as function of refractive indgx
12.4 Reflectivity

12.4.1 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: Rg-v =12 % to 24 %;
— in Unrecorded Erased Groove: Rg—e =11 % to 24 %;

at each location on the disk: 0,75 X Rgy < Rg-e < 1,25 x Ry_y;
— in Recorded Grooves for the first ten DOW cycles: Rsu = 11 t0 24 %;

at each location on the disk: 0,75 X Ryy < Rgn < 1,25 x Rg..

Written Marks shall have a lower reflectivity than the Unrecorded Layer.
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12.4.2 Reflectivity of Recording Layer of DL disks

The reflectivity of each Recording Layer in the Information Zone, including transmission through the
Transmission Stack concerned, shall fulfill the following requirements independent of the recording status of
the other Recording Layer (whether Unrecorded, Recorded or partially Recorded) under the measurement
conditions of Annex B:

— in Unrecorded Virgin Grooves: Rg—~v =4 % to 8 %;
— in Unrecorded Erased Grooves: Rg— = 3,5 % to 8 %;

at each location on the disk: 0,75 X Rgy < Rge < 1,25 X Rg_y;
— in Recordid Grooves for the first ten DOW cycles: Rgn = 3,5 % to 8 %!

at each location on the disk: 0,75 x Rg—y < Rgn < 1,25, Rq|.

Written Marks $hall have a lower reflectivity than the Unrecorded Layer.

12.5 Birefringence

The in-plane birefringence of the Transmission Stacks shall be (see Annex J): Any<1,5x1(
The perpendictilar birefringence of the Transmission Stacks shall be (see Annex Y): Any <£1,2 x 1(

12.6 Angular|deviation

The angular dgviation is the angle a between a parallel incident beam perpendicular to the Disk refereng¢e
plane P and th¢ reflected beam. The incident beam shall have a:diameter in the range 0,3 mm to 1,0 mm. The
angle a includgs deflections of the Entrance surface and to lack.of parallelism of the Cover Layer and/of

Spacer Layer (pee Figure 16).

Cover Layer

Recording Layer

Substrate

Read-out
Surface

__________________ - \‘.
% ~.._ Reflected beam
“
\'\.

\-\.
.

Incident beam

Figure 16 — Definition of angular deviation

The requirements for the angle a shall be as follows.
— In the radial direction

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

— under the “sudden change” test conditions specified in 8.1.1: |a] max. =0,70°
— In the tangential direction

— under the normal test conditions specified in 8.1.1: |a] max. =0,30°
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13.1 General
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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 17).

User Data User-Control Data
32 frames 32 Sectors 32 units
x 2 048 bytes x 18 bytes

A 4

Data Frame

32 frames
x (2 048 bytes Data

+ 4bytes EDC)

A 4

Scrambled Data Frame

[

Phys. Sector Number

it
Addr. Unit Number

32 frames
x 2 052 bytes 16 addresses
x 9 bytes
v A v
Data Block Access Block
304 columns 24 columns
216 rows 30 rows
v Y
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
7
y X y X ¥y X
LDC BIS LDC BIS LDC BIS LDC 496 rows divided in
16 Address Units
38 col. lcol.| 38col. lcol.| 38col lcol.| 38col of 31 rows each
ECC Cluster
(155 columns) )
frame
dc dc dc 496
syne dZaSta contr dzga contr dz';a contr] | Recording
20 1 1 Frames

Figure 17 — Schematic representation of encoding process They
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Physical Cluster

(1932 Channel bits
=1 288 data bits)

are transferred successively into the following:

Data Frames, Scrambled Data Frames, a Data Block, an LDC Block, and an LDC Cluster.
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The address and Control Data added by the BD Rewritable system are transferred successively into the

following:

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

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

— anECCC

— a Physical

luster, subdivided into 16 Address Units;

Cluster, consisting of 496 Recording Frames.

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

with 2 048 byte

s of User Data. These Clusters are protected by the following two error-correction mechanisms.

— First, the
Reed-Solq
efficiency

— Secondly,
(62,30,33
purposes
burst erro

The combinatiq

All the data is 4

lata is protected by a Long Distance (LDC) Error-Correction Code, consisting of (248,216,33)
mon (RS) code words. This code has ample parities and interleaving length witha‘\good|overall
and can correct both random errors and burst errors.

the data is multiplexed with a powerful Burst-Indicating Subcode (BIS);»which consists of
Reed-Solomon (RS) code words. These BIS code words carry addresses for allpcation
and Control Information belonging to the User Data. They can alsobe used to indicate long
s, by means of which the LDC can efficiently perform erasure corrections.

n of these two codes is called an “LDC+BIS Code” (see Figure-18).

rranged in an array as indicated in Figure 18. This array is.read in the horizontal directiof, row

after row, and fecorded on the disk after insertion of additional dc-controel bits, modulation, and insertion|of

Synchronizatio

The Error-Corr
errors on the d

h patterns.

bction Codes are applied in the vertical direction,which gives a good basic break-up of burst
sk. Additionally, the LDC code words have.béen interleaved in a diagonal direction.

38 1 38 1 38 1 38
Syn¢ bytes byte bytes byte bytes byte bytes
T Do ....... D37 Bo Dgg ...... D75 B1 D76 D113 Bz D114 D151 T
D152 D189 B3 D190 ...........
Address | B1
Unit O | rows
\2
496 data stream :
rows > > > :
on disk :
T
Address 1
Unit 14 | rows
J
T
Address| 31
\2 Unit 15 | rows
....... D75 391 ‘L

Address Units,

Figure 18 — Schematic representation of Physical Cluster on disk

Physical Sectors and Logical Sectors are defined as follows.

Address Units:

34
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For the purpose of allocating the optical pick-up to a certain position on the disk, the Physical Cluster is
subdivided into 16 Address Units, each consisting of 31 consecutive rows. The Address-Unit Numbers (AUN)
provide a fast addressing mechanism embedded in the written data.

Physical Sectors:

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

Logical Sectors:

st. The Inner
re called

Code (EDC).
The 2 (048 User Data bytes are identified as udy to ud, o47 and the 4 EDC byites as ed, g4 to €d; §51 (SEE
Figure[19).

0 udo T

2 048

User Data
2052

l Ud5 047 bytes
T €d; 48
4 €d; 049

EDC ed; o50
i ed3 g51 \

Figure 19 — Data Frame
13.3 Error-Detection Code (EDC)

The 4-byte field edzgss'to €d; 951 shall contain an Error-Detection Code computed over the 2 04§ bytes of User
Data.

Considering the Data Frame as a single-bit field, starting with the most-significant bit of the first User Data byte
(udp) ahd ending with the least-significant bit of the last EDC byte (ed, ¢51), then the msb will be p4¢ 415 and the
Isb will be by.

Each bit b; of the EDC is shown as follows for j = 0 to 31.

0
EDC(x)= Y b,x' =/(x)modG(x)

i=31

32
where I(x)= Y'b,x" and G(x)=x"+x" +x" +1
i=16 415

13.4 Scrambled Data Frame

Each Data Frame consisting of 2 052 bytes of User Data + EDC shall be scrambled with the output of the
circuit defined in Figure 20, in which bits s; (msb) to s, (Isb) represent a scrambling byte at each 8-bit shift.
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The heart of the circuit is a Linear-Feedback Shift Register (LFSR) based on the polynomial
(D(X)=X16+X15+X13+X4+ 1

Here, sy to s45 form a 16-bit shift register. At each shift clock the content of s, shifts to s, (n = 0..14), while sy
is set to sq5 @ S14 @ S12 @ s3 (@ stands for Exclusive-OR).

At the beginning of the scrambling procedure of each Data Frame, the shift register sq to s45 shall be preset
with a value derived from the (virtual) PSN associated with the Data Frame (see Clause 17). The 16-bit preset
value shall be composed in the following way:

— S45 shallbe-set-to ﬁNl:;

— Sq4 ... S¢ shall be set to PSyg .. PS5 of the PSN (see Figure 20).

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

PSN
MSB LSB
P P P p p P p R [P[P P
S S S S S S S S| |s|sS S
3 2 2 1 1 1 8 7| (5|4 0
1 4 3 9 6 5
ONE \\
llel ﬁ VYV VYVYVYYVYYVYY
aralle i
E)ad —>isl 51 slslsls|sls|s|s € shiftclock
HAR; 716[5(4[3|2|1|0|<¢
LA Pan
NN N
Figure 20 — Scrambler circuit

After loading the preset value, s7 .. so aré taken out as scrambling byte Sy. Then, an 8-bit shift is repeatgd
2 051 times and the following 2 051 bytes are taken from sy .. sy as the scrambling bytes S; to S; ¢s4.

The 2 052 bytds ud/edy of the Data’Frame become scrambled bytes d, where:
dx = ud/edx ® Sk Afork = 0 to 2 051; @ stands for Exclusive-OR.

13.5 Data Blqck

In the next step, 32"Scrambled Data Frames (F = 0..31) are combined into one block of data as shown ip
Figure 21.

« 32 Frames -
0 1 : F : 31
0 do,o do,1 : do,r : do,31
d10 d1,1 . dir : d1,31
2052 . . . . .
bytes
d2 050,0 d2 050,1 : d2 os0,F : d2 050,31
{ d2 051,0 d2 051,1 : d2 0s1,F : d2 051,31

Figure 21 — 32 Scrambled Data Frames
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These data are rearranged into an array of 216 rows x 304 columns by dividing each Scrambled Data Frame
into 9,5 columns as shown in Figure 22. This new array is called a Data Block. It should be noted that every
even Scrambled Data Frame ends halfway down a column and every odd Scrambled Data Frame starts
halfway down a column.

“«— 304 columns -
0 1 9 10 : 18 19 303
T do,o d216,0 d1 944,0 d108,1 d1 836,1 d0,2 CI1 836,31
d1,0 d217,0 d1 945,0 d109,1 d1 837,1 d1,2 d1 837,31
q7050,0
216 d2 051,0
Rows do,1
d1,1
d106,1
‘l’ d215,0 d431 ,0 d107,1 d323,1 d2 05941 d215,2 jz 051,31

Figure 22 — Composition of Data Block from 32 Scrambled Data Frames

13.6 UDC Block

The bytes in each column of the Data Block are renumbered as shown in Figure 23 starting from the top of

each cplumn as follows: egr €1, .. €L .. {0 €215, in WhiCh.L represents the code-word number (F the column
number: 0 to 303).

The LOC Block is completed by extending each.of-the columns with 32 Parity bytes according t¢ a
(248,216,33) Long-Distance RS Code. The.Rarity bytes are numbered: pz16,. P217,L -- PjL -- 1O P27,

<« 304 columns —
Code word | Code word Code word Code word | Cade word
0 1 L 302 303
T T €0,0 €o0,1 €o,L €0,302 €0,303
216 €1,0 €1,1 eq,L €1,302 €1,303
rows €20 . : . .
with :
1LDC data :
rode word N €215,0 €215,1 €215,L €215,302 £215,303
=248 0 P216,0 P216,1 P216,L P216,302 D216,303
bytes 32 . . . . .
with
parity
J J P247,0 P247,1 P247,L P247,302 P247,303

Figure 23 — 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(2%). The non-zero elements of the finite field
GF(28) are generated by a primitive element a, where a is a root of the primitive polynomial p(x):

p(x)=x®+x*+ x>+ +1

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

Each LDC code word, represented by the vector lyc = (€o,L .. €iL .. €215L P216.L .. PiL .. P247,L), iS @ Reed-
Solomon code over GF(2®) having 32 parity bytes and 216 information bytes. Such a code word can be
represented by a polynomial /4.(x) of degree 247 (possibly having some coefficients equal to zero), where the
highest degrees correspond to the information part of the vector (eo,. .. etc.) and the lowest degrees
correspond to the parity part of the vector (p21e. .. etc.).

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

31

g(x)=] J(x-ar')

i=0

The LDC is sygtematic: the 216 information bytes appear unaltered in the highest-degree positions of‘each
code word. The parity-check matrix HLpc of code Iy is such that

Hipc % lgc'|= 0 for all LDC code words /4.
The second roy hiocz of the parity-check matrix Hioc corresponding to the zero a of the generator polyrjomial

g(x), defines the code-word positions to be used for error locations. This second row ALpcz of the parity-¢heck
matrix Hioc is given by the following formula:

hLpc2 = (a"", a* .. a, 1)
13.8 LDC Cluster
13.8.1 General

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

13.8.2 First|interleave step

In the first interjeaving step, the 304 columns.of height 248 are rearranged into a new array with 152 columns
and 496 rows.

Each new column is formed by multiplexing each even column from the LDC Block with the next odd cofumn.
The new colunin is filled by takingthe first byte from the even LDC Block column, then the first byte from the
odd LDC BlocK column, next the second byte from the even LDC Block column, followed by the second |byte
from the odd LPC Block column, etc. as shown in Figure 24.
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All row|
to the |
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<« 1562 columns -
151
T €0,0 ©0,2 ©0,302 T
€0,1 €0,3 €0,303
432 €1,0 €1,2 €1,302
rows €1,1 €13 €1,303
with
data
€215,0 €215,2 €215,302
L L2454 £545:3 £245:303 496
T P216,0 P216,2 P216,302 rows
P216,1 P216,3 P216,303
64 P217,0 P217,2 P217,302
rows P217,1 P217,3 P217,303
with :
parity
P247,0 P247,2 P247,302
4 P247,1 P247,3 P247,303 {

Figure 24 — First step of interleaving

Second interleaving step

entered in the array from the right side (see Figure 25).

After th
numbe|

ice the influence of error propagation and further<improve the burst-error correcting capa
nal interleaving is introduced.

5 of an LDC Block resulting from the firstinterleaving step, shall be shifted over mod(k x
bft where k = div(row_number, 2), 0-~<row_number < 495. The bytes that shift out at the |

is process, the bytes are renumbered in the horizontal direction through all the rows resy
ring Do to D75 391 as indicated in Figure 18

bilities, an

3, 152) bytes
bft side are re-

Iting in the
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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

13.9.21 General

For positioning the optical head onto the desired Track, a fast addressing mechanism is implemented by
subdividing the 64K Physical Clusters into 16 Address Units. Each Address Unit contains an address, which is
placed|in such a way into the BIS code words (see 13.11) that it can be accessed quickly (seé-Higure 26).

Each Address Field consists of nine bytes:

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

— 4 byrtes for error correction.

«— 16 addresses —
0 1 : S : 15
) AFq0 AFy 4 ; AFq s : AFo.15
Address- AF 4 AF 44 : : AF1.15
Unit Numbers : : . : : :
9 AF3 g AF3, : AFss : AFs 45
bytes flag bits AF 4 AF44 : AF4s : AF 415
AFsg AFs53 : AFss : AFs .15
parities : ) : : : :
»L AFsyo AF8,1 . AFg,s . AF3’15

Figure 26 — 16 Address Fields

13.9.22 Byte assignments for.Address Fields

AFo,s § MSB of the Address-Unit Number
AF1,s 52" SB of the Address-Unit Number
AF2,s 53" SB of the Addtess-Unit Number
AF3,s 4 LSB of the Addréss-Unit Number
AF4,s qflag bits: dThese bits can be used to indicate a status of individual Data Frames in a Clusgter or can be
used to hold other information, such as an address. The basic format for assigning some of
these flag bits is specified in 13.9.2.4. Flag bits not used shall be set to ZERO
AFs,s .| AFs,s= parity bytes for forming an (9,5,5) RS code over the Address Field.

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

p(x)=x*+x*+x° + X% +1

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

a =00000010

Each Address-Field Code word , represented by the vector afc = (AFo,s .. AFis .. AFs,s), is a Reed-Solomon
code over GF(28), having four parity bytes and five 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 (AFo,s .. etc.) and the lowest degrees correspond to
the parity part of the vector (AFs,s .. 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:

3

g(x)=] Jlx-e')

i=0

The Address-Field code is systematic: the five 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’

=0 for all Address-Field code words afc

h

corrachaondinato-tha zara-a-of tha aonaratarnol
Ot C—ZCTro— Ottt ator—por

The second rop

g(x), defines th
matrix Harc is

harcz = (a0
13.9.2.3 Add

The 16 Addres
Address-Unit N

The Address-U
The Address-U
with the PSNs

The Address-U
The first Addre
The last Addre

The bits of the
— AUz .. AUj5

— AU,4 .. AU,
— AU shall bj

rl oftha naritvy chacle paatei, L
VTTAFC2 O thC Pty - S O ot A T ARG COTT T op oo g

J
e code word positions to be used for error locations. This second row harcz of the paritys

gjiven by the following formula:
,a . da 1)

ress-Unit Numbers

s Fields, to be recorded in the BIS columns of the Physical Cluster.each contain a 4-bytg
lumber (AUN).

nit Numbers shall be derived from the Physical-Sector Numibers (PSN) as defined in Fig
nit Numbers increase by two for each successive Address-Unit, for reasons of synchroni
(see Clause 17).

nit Number of the first Address Unit of each Physical Cluster is a multiple of 32.
ss-Unit Number in Data Zone 0 will be 00,4000 00h (1 048 576 decimal).
5s-Unit Number in Data Zone 1 will be;01 EF FF FEh (32 505 854 decimal).

Address-Unit Numbers shall be'set as follows:

shall be a copy of PS34 .. PSs'from the PSNs;
shall count from 0 to 15 inside the Physical Cluster;
e Reserved.

nomial
check

[

ire 27.
zation
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PSN
MSB LSB
P P P P P
s L sl s E|§] I5I8 §
] 4 3 6 5 8 / >[4 0
in Cluster
count ZERO
VYVVYVYYVY I YVYVYVYYVYY YYVYVYYVY rrwllil/
A AlA A A A A
U U|U U U U U G ﬁ ﬁﬁ ﬁﬁ
3 212 2 2 1 1 Q 7 cl 110
1 716 4 3 6 5

Address-Unit Number
Figure 27 — Composition of AUNs from PSNs

13.9.24 Assignments for flag bit

Bit b, b bs b4 b, b, b, bo

Byte
AF4s
AF40 Sag 1 Say 4 Sage SEM IdTz Rd1s Rsv RsV
AF 4 Say, Sas Saz Sase IdTe Rd1a Rsv Rsv
AF42 Sagy 4 Sas 4 Sasp Sas, IdTs Rd13 Rsv RsV
AF,3 Sae,1 Saz, Sag,0 Saze IdT4 Rd12 Rsv Rsv
AF44 Sag 4 Sag 4 Sagp Sag) IdTs Rd11 Rsv Rsv
AF,5 Sao, Saiq Satop Saue IdT2 Rd1o Rsv Rsv
AF,6 Saqz,1 Saizq Saizg Sause IdT4 Rds Rsv RsV
AF47 Sayy,1 Sass Saiao Sase IdTo Rds Rsv RsV
AF,8 Saqe,1 Saqz4 Saie,0 Sasze Rsv Rd7 Rsv RsV
AF,9 Saig1 | Sasen | Sasse | Saie Rsv Rds Rsv RsV
AF410 | Saza Sayfn Sazp Sazo Rsv Rds Rsv Rsv
AF441 | Saz1 | “Sazq | Saxe | Saxp Rsv Rda Rsv RsV
AF412 Sazg4 Sazs 1 Saza0 Sazs,o Rsv Rds Rsv RsV
AF413 Sae,1 Sazz1 Saze,0 Sazre Rsv Rd2 Rsv RsV
AF414 . Sazs1 | Saze1 | Saze | Saz Rsv Rd Rsv RsV
AF£s~] Sasq Sazq Sazop Sazp Rsv Rdo Rsv Rsv
Rsv Reserved unless otherwise sepcified by the Application.

Figure 28 — Flag bits from 16 Address Fields

Status bits Sa;; (0 << 31, 0 <j<1): Because each Cluster contains 32 Data Frames and there are only 16
Address Units, each such unit has to hold the flag bits for two Data Frames (see Figure 28).

Bit b; and bit bs of successive flag bytes AFa,s are defined as status bits Sazs,1 and Sazs,o, respectively, for
Data Frame 2S.

Bit bg and bit b, of successive flag bytes AFa,s are defined as status bits Sazs+1,1 and Sazs+1,0, respectively, for
Data Frame 2S + 1.

RID_Tag bits IdTi: Bits b; of successive flag bytes AFa,o to AF4,7 shall represent the RID_Tag value (see 21.4)
of the recorder that has recorded the Cluster containing this Address Unit. The msb shall be at IdT7 (see
Figure 28).

Bits bs of successive flag bytes AFa,s to AFa4,15 shall be Reserved.
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Recording Date bits Rd;: Bits b, of successive flag bytes AF, s shall represent the date when the Cluster

containing this

Rd15 to Rdg .

Rdg to Rd5 .
msb;

Rd4 to Rdy :

Address Unit has been recorded in the following format (see Figure 28):

these seven bits shall represent the actual year — 2 000 as an unsigned binary number with
Rd,s as the msb;

these four bits shall represent the actual month as an unsigned binary number with Rds

as the

these five bits shall represent the actual day of the month as an unsigned binary number with

Rd, as the msb.

If a drive is not

13.9.2.5 Usage of status bits Sa;;

Each pair of st
following settin

Sa,-,1/Sa,-,o =

In the User-Data Area, all status bits Sa;+/Sa;p should be sett0.01 in Clusters being written in “streamin

mode.

Furthermore, t
to complete ClI

In all other cas
to 00.

Consequently:
if Sa,-,1/Sa,-,o iS
if Sa,-,1/Sa,-,o iS

able to correctly set this field, all bits Rd; shall be set to ZERO.

htus bits Sa;1/Sa; is used to indicate the status of an individual Data Frame'in-a Cluster.
gs are defined:

00:
01:

the Data Frame contains general User Data;

the Data Frame contains specific User Data that is allowed(to)be discarded during
Read-Modify-Write (RMW) actions;

this value is Reserved unless otherwise specified by the Application;

the Data Frame contains Padding data inserted by.the drive to complete Clusters bg
recording them onto the disk.

10:
11:

ne status bits Sa;1/Sa; shall be set to 1.4in Data Frames that have been inserted by the
Listers, before recording them onto the disk (Padding).

es where the data for Data Frame i is supplied by the host, the status bits Sa; 1/Sa;, shall

et to 00, the contentof Data Frame i shall be conserved during R-M-W actions.

etto 01 or 11,
the.content of Data Frame i may be discarded during R-M-W actions.
In case of doubt about the reliability of some Sa;1/Sa;y bits, the content of th
related Data Frame i shall be conserved during R-M-W actions (Sa;+/Sa; g sH
considered as having the value 00).

The

fore

drive,

be set

=)

-

all be

13.9.3 User

-Control Data

For accessing User Data, special Control Data can be added to each User Data Frame. These additional
bytes can carry Application-dependent information. A User Data Frame accompanied by its User-Control Data

Unit is called a
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Sector. Each User-Control Data Unit consists of 18 bytes (see Figure 29).
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«— 32 Units -
0 1 S 31
T UCoyo UCo,1 UCo,s UCO,31
UCi, UCi4 : UCy,31
18 bytes : : :
‘L UC17,0 UC17,1 UC17,S UC17,31

Figure 29 — 32 User-Control Data units

13.9.4 __ Byte/Bit assignments for User-Control Data

The Uger-Control Data bytes are Application dependent. If this setting is not specified by the Application,
these hytes shall be set to 00h.

13.10 Access Block

The data for the Address Fields and User-Control Data Units is mapped into(@n array of 30 rowg x 24
columr]s, that is called an Access Block.

Becausge 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 26) are grouped into three groups of 3 bytgs.

The thiiee groups of bytes of each of the addresses 0 to-F%are placed in the Access Block in a diagonal
directign in the first, third and fifth row, starting with address 0 and each successive address shifted cyclically
three positions to the left (see Figure 30).

The thlee groups of bytes of each of the addfésses 8 to 15 are placed in a diagonal direction in the second,
fourth and sixth row, starting with address 8"and each successive address shifted cyclically threp positions to
the left

Within ach group of bytes in the third and fourth rows, the bytes are shifted cyclically to the leftjover 1 byte
position.

Within each group of bytes-in the fifth and sixth rows, the bytes are shifted cyclically to the left oyer two byte
positions.

Mathernatically{this mapping of the address bytes into the Access Block can be represented by|the following
formulas:

byte'AF, , shall be allocated in: row r = 2 x div(x, 3) + div(y, 8)

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

3}

The User-Control Data Unit is placed in the column direction, whereby each User-Control Data Unit only fills %
of a column (4 User-Control Data Units in 3 full columns; see Figure 30).

© ISO/IEC 2016 — All rights reserved
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The bytes in each column of an Access Block are renumbered as shown in Figure 31 starting from the top of
each column as follows: bgc b1c .. bic .. 10 bagc, Where C represents the code-word number (= the column
number: 0 to 23).

The BIS Block is completed by extending each of the columns with 32 Parity bytes according to a (62,30,33)
RS code. The Parity bytes are numbered: pbsgc pbs1,c .. pbjc .. to pbei,c.

“— 24 columns -
code code code code code
word word word word word

0 1 C 22 23

T T bo,o bo,1 bo,c Do,23
b1,0 b1,1 b1,c D123
30 : : : :
information bw,c
One BIS bytes : : :
code word J b29,0 D291 b2e,c 29,23
= 62 bytes T Pb30,0 Pb3o,1 b3, Pb3o,23
32 : : : :
parity
bytes g g : g : : :
l A Pbs1,0 Pbe1,1 : Pbe1,c . . Pbe1,23

Figure 31 — Renumbering data bytes and forming BIS Block by adding pariti¢s
13.12 BIS Code words

The BIB RS code is defined over the finite figld GF(2%). The non-zero elements of the finite field|GF(2°) are
generated by a primitive element a, where @ is a root of the primitive polynomial p(x):

plk)=x+x*+ x>+ x%+1
The symbols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base r¢presentation,
with (af, a®, @®, .., @? a, 1)@s'a basis. The root a is thus represented as follows:

a ¥ 00000010

Each BIS code word, represented by the vector bis = (bg,c .. bjc .. b2g,c Pb3o,c .- Pbjc .- Pbe1,c), Js @ Reed-
SolomIn code over GF(28) having 32 parity bytes and 30 information bytes. Such a code word ¢an be
represénted by a polynomial bis(x) of degree 61 (possibly having some coefficients equal to zerp), where the
highest dégrees correspond to the information part of the vector (bo,c .. etc.) and the lowest degfees
correspond to the parity part of the vector (pb 3¢ .. etc.).

bis(x) is a multiple of the generator polynomial g(x) of the BIS code word. The generator polynomial equals:

31

g(x)=] [lx-e')

i=0

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

Hgis x bis' =0 for all BIS code words bis

The second row hgys ; of the parity-check matrix Hgs 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; of the parity-check
matrix Hgs is given by the following formula:
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heis2 = (as

La® . d%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.

The BIS Cluster is subdivided according to the Address Units as shown in Figure 18. 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 32).

The essential

of the BIS interleaving scheme are the fnllnwing (qpp Eigure 23 Figure 32 and the exam

ples

in Figure 33 ar

— Each row
of the BIS
— The even
mapped i

d Figure 34):

of a BIS Block is split into 8 groups of 3 bytes. These 3-byte groups are each placed in o
Cluster.

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

— The 3-bytg groups from an even row of the BIS Block are placed each in the same row of Units O tg

whereby t
The first 3
which is o
—  row

— ow

— row

—  Now, with
shifted, ro

—  Forthe od

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

Lbyte group of each successive row of the BIS Block shall be placed in a Unit with a num
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;

N = 2 of the BIS block is placed on rows r = 1 of Units: 1,0,7,6,..,3, 2;

N = 4 of the BIS block is placed on rows r = 2 of‘\Units: 2,1,0,7,..,4,3;

4 3,..,0,7.

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

d rows of a BIS Block, the-same kind of procedure is followed, but then using the Units 8

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

v r = 1 is shifted 1, row r = 2 jsishifted 2, row r = 3 is not shifted, row r = 4 is shifted 1, etg.

ne row

Der

) is not

to 15.

48

© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

3
< columns -
) 0 Bo B, B, 0 )
31 : \
_____ V| Bwo B Be | |
T Bos Bos Bos |
31 : \
_____ L A S S B A
|
|
|
S E R N Yu
0 0
496 | 16
rows 31 e Ir Units
rons | ——
_____ N R G M
_____ e T
31
{ 1 B1 487 {
Figure 32 — BIS Cluster

Mathe:[]atically, the mapping of the bytesfrom a BIS Block into a BIS Cluster can be represente
following formulas:

Byte by c or pb ¢ (see Figure 31) is placed

— in|Unit = mod{[div(N, 2) + 8 — div(C, 3)], 8} + 8 x mod(N, 2),
— orrow r=div(N, 2), and
— injcolumn e = mod{[C + div(N, 2)], 3}.

The byte number m, giving the sequence number B, as the Physical Cluster is written to the dis
Figure [18),is’as follows:

d by the

k (see

m=(ux31+rx3+e

© ISO/IEC 2016 — All rights reserved
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Shift right
Byte number N.C from BIS (= Filling in upward direction
mod(r,3))
Column
Unit u Row r 0 ‘19 2
0 0 0,0 0,1 0,2 0 start of Block row N =0
1 25 2.3 2.4 1 L(;ogtinuation of Block row
2 4.7 4.8 4.6 2
3 6,9 6,10 6,11 0
!/ 14,23 14,21 14,22 1
8 16,1 16,2 16,0 2 start of Block row N = 16
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 end of Block row N'= 0
1 2,2 2,0 2,1 1 start of Block 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 41 4,2 4,0 2 start of Block row N =4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 0,17 0
1 2,20 2,18 2,19 1
2 4,22 4,23 4,21 2
3 6,0 6,1 6,2 0 start of Block row N =6
4 0 0,12 0,13 0,14 0
1 2,17 2,15 2,16 1
2
5 0 0,9 0,10 0,11
1 2,14 2,12 2,13 1
2
6 0 0,6 0,7 0,8 0
1 2,11 2.9 2,10 1
2 413 414 412 2
7 0 0.3 0.4 0.5 0 T gontinuation of Block row
1 2.8 26 2.7 1 Ilciogtinuation of Block row
2 410 411 4.9 2
7 14,2 14,0 141 1 start of Block row N = 14
30 60,21 60,22 60,23 0 end of Block row N = 60

Figure 33 — Example of mapping (partial) of BIS bytes into first 8 Units
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Shift right
Byte number N,C from (= Filling in upward direction
BIS Block
mod(r,3))
Column
Unitu Rowr 0 ‘19 2

8 0 1,0 1,1 1,2 0 start of Block row N = 1

1 3,5 3,3 3,4 1

2 57 58 56 2

3 7,9 7,10 7,11 0

8 17,1 17,2 17,0 2 start of Block fow'N = 1}

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 N1
14 0 1,6 1,7 1,8
15 0 13 14 15 0 I ;:ontlnuatlon of Block fow N

1 3,8 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 = 1p

30 61,21 61,22 61,23 0 end of Block row N = 61

Figure 34 — Example of mapping (partial) of BIS bytes into last 8 Units

Some conclusions are listed below.

— Allinformation bytes of a BIS Block are found in the first 15 rows of each Address Unit.
— Al parity bytes of a BIS Block are found in the last 16 rows of each Address Unit.
— Each Address Field is found in the first three rows of each Address Unit (see Figure 35).

© ISO/IEC 2016 — All rights reserved
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13.14 ECC Cluster

After constructing the LDC Cluster and the BIS Cluster, the LDC Cluster is split into 4 groups of 38 columns
each. In between these 4 groups, the three columns from the BIS Cluster are inserted one by one. After
multiplexing the BIS Cluster with the LDC Cluster, the ECC Cluster of Figure 35 is reached.

52

LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns | column | columns | column | columns | column | columns

— e o« ol o« o e o« >

496
rows

AFo,0 AF40 AF2,

AF;, AF40 AFs,

AFs 0 AF7 AFgo Addresp

UCu,v c a Unit O
"""""""" AFor | | AR | AR |~ 7

AF311 AF4,1 AF5’1

AF6’1 AF7‘1 AF3’1 Addresp

UCy, : ® Unit 1

Figure 35 — ECC Cluster after multiplexing of BIS Cluster with LDC Cluster
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13.15 Recording Frames

Each row of an ECC Cluster is transformed into a Recording Frame by adding locations for Frame-Sync bits
and for the 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 36), 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. gach group of 45 data bits is completed with one additional bit position to form a dc-contrdl Block.

155 bytes

A
4

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 | ¢ bits bits
Frame E data dc data dc data dc
Sync control control cdntrol
20 «+ 25 1 45 [ 45 1

dc-control block #0 dc-control\block #1

< »

46 bits T 46 bits T 25,46bits 46 bits
1288 bits
Figure 36 — Composition of Recording Frame

dc-control block #2..26 dc-control block #27

» <

\/

\/

<

13.16 Rhysical Cluster
The 496 rows from an ECC Cluster, transformed into Recording Frames, are called a Physical Cluster.
13.17 17PP Modulation for Recordable data

13.17.1 General

All the bitsof 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 of >2T and <8T and with some special
properties. PP means: Parity preserve/Prohibit RMTR.

— Parity preserve:  if the number of ONEs in the data-bit stream is even, then also the number of ONEs
in the Modulation-bit stream is even.
if the number of ONEs in the data-bit stream is odd, then also the number of ONEs in
the Modulation-bit stream is odd.
This property makes it easy to control the low-frequency content of the recorded signal efficiently (see
13.17.3).
— Prohibit RMTR: the number of consecutive minimum run-lengths (2T) is limited to six.
Because of the low signal levels on minimum run-lengths, this improves the read-out performance.
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13.17.2 Bit conversion rules

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

A ONE in the tables represents a transition in the recorded signal. The Modulation-bit stream is converted to

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

Data bits Modulation bits

00 00 00 00 010 100 100 100

00 00 10 00 000 100 100 100

00 00 00 010 100 000

00 00 01 010 100 100

00 00 10 000 100 000

00 00 11 000 100 100

00 01 000 100

0010 010 000

00 11 010 100

01 010

10 001

11 000 !f preced!ng Modulat?on b?ts = xx1

101 if preceding Modulation bits = xx0
o bo substiuted | Moduiaion b, . | Condiion fr substutior
1101 11 001 000 000 if next Modulation bits = 010
Terminating Terminating
data bits Modulatien bits
00 00 0100100
00 000
Figure-37'— 17PP modulation code conversion table

13.17.3 dc-cpntrol procedure
Because a ONE in the Modulation-bit stream means a transition in the recorded signal, the polarity of this
signal can be ipverted.if an odd number of ONEs is added to the Modulation-bit stream in a controlled way.
Because of thg Rarity-Preserve property of the 17PP modulation code, this is possible just by inserting
additional bits Inte-the-data-bitstream-and-settingthesete-ONE-H-ar-irversionisreeded:

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 36).

13.17.4 Frame Sync

The Physical Clusters consist of 16 Address Units, where each Address Unit contains 31 Recording Frames
(see Figure 18 and Figure 36).

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

The main body of the Frame Sync is formed by a 24-bit pattern violating the 17PP modulation rules (two times
run-length of 9T).
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The last six bits define a signature that identifies one of seven different Frame Sync patterns. The 6-bit
signatures for the Frame Sync IDs are selected such that their distance with relation to transition shifts is >2.

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

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

Becaus
identifi
Frame
or 3 pr
Frame

Sync number 24-bit Sync body 6-bit Sync ID
FSO #01 010 000 000 010 000 000 010 000 001
FS1 #01 010 000 000 010 000 000 010 010010
FS2 #01 010 000 000 010 000 000 010 101 000
FS3 #01 010 000 000 010 000 000 010 100001
FS4 #01 010 000 000 010 000 000 010 000 100
FS5 #01 010 000 000 010 000 000 010 001 001
FS6 #01 010 000 000 010 000 000 010 010 000

Figure 38 — 30-bit Frame-Sync_ codes

e seven different Frame Syncs are insufficient to identify 31 Recording Frames, each fra
bd by the combination of its own Frame Sync and the(Frame Sync of one of the precedin
5. The mapping of these combinations can be made‘such that, even with missing Frame
pceding frames, a Recording Frame can still be.identified by its own Frame Sync and the
Sync (see Figure 39).

me is

j Recording
Byncs in 1, 2
last present

Rec. Frame n—4 | Rec. Frame n-3 |~Rec. Frame n-2 | Rec. Frame n-1 Rec. Fra

me n

Recording Frame n can be identified‘from the Frame Sync IDs of the following:
Recording Frame n + Recording Frame n—-1;
Recording Frame n *:Recording Frame n-2;
Recording Frame'r+ Recording Frame n-3;
Recording Frame n + Recording Frame n—4.

The firs

The other Frame-Syncs are mapped as specified in Figure 40.

Figure 39 — ldentification of Recording Frames

t Recording‘crame of each Address Unit has a unique Frame Sync: FSO.
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Frame number | Frame Sync Frame number | Frame Sync

0 FSO

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

Figure 40 — Mapping of Frame-Sync codes on,Recording Frames
13.18 Modulafion and NRZI conversion

Before being récorded onto the disk, data bits are converted‘to Modulation bits that, in turn, are convertgd to
NRZI Channellbits according to the process shown in Figure 41.

datd 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 1 000 1 0|0 0 1|0 1 0 |0

NRZ converted signal: |_|
NRZI converted signal:

Figure 41 — Modulation and NRZI conversion
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14 Physical Data Allocation and Linking

14.1 General

The unit of recording is a Recording-Unit Block (RUB), consisting of a Physical Cluster preceded by a Data
Run-in and followed by a Data Run-out. The Run-in and Run-out are offering sufficient buffering for facilitating
fully random write/overwrite.

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

bits (=
situatig

14.2 R
14.2.1

Each R
496 x
periods

Each s
field, e

Such a

ed to the wobble frequency. This means that a modulated Recording Frame, which is"9

1 288 data bits), covers exactly 28 wobble cycles. This locked case is consideredto-be t
n.

Recording-Unit Block (RUB)
General

UB consists of a Data Run-in of 2 760 cbs (nominally 40 wobble-periods), a Physical Clu
932 cbs (nominally 496 x 28 wobble periods) and a Data Ruh-out of 1 104 cbs (nomina
) as shown in Figure 42.

Run-in Physical Cluster. Run-out Guard_3

<40 wbs— | <496 x 28 wbs— | <16 wbs— | «8 wbs—

Figure 42 — Layout(of single written Recording-Unit Block

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

Guard_3 field shall consist of 540 cbs (nominally = 8 wobble periods).

B2 Channel
e nominal

ster of
ly 16 wobble

a Guard_3
n Figure 43.

Run-i

N |Physical Clusterf Run-out | Run-in |Physical Cluster| : |Physical Cluster| Run-

but | Guard_3

<40 wb

5—> |<496 X.28 Wbs— [<-16 wbs—|<40 wbs— [<-496 x 28 wbs—| : [«496 x 28 wbs—|<16 W

bs— | <8 wbs—

Figure 43 — Layout of continuously written sequence of Recording-Unit Bloc

ks

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

14.2.2
14.2.2,

Data Run-in

1 General

The Data Run-in consists of the following parts as shown in Figure 44:

—  Guard_1: 1 100 Channel bits;

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

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

© ISO/IEC 2016 — All rights reserved
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The Guard_1 field is meant to cope with the overlaps due to the SPS and inaccuracies in determining the start
location of recording sequences.

14.2.2.2 Con
The Guard_1 f
The content re|

These patterng
electronic circy

14.2.2.3 Aut

The first five w
Automatic Pow

Guard_1 PrA
1100 cbs 1 660 cbs
optional APC repeated bit pattern nominal
=~ 5 wobbles =~ 11 wobbles = 24 wobbles

Figure 44 — Layout of Data Run-in
tent-of-Guard—t-fields

eld has a length of 1 100 Channel bits.
bresented in Modulation bits is: 55 times repeated 01[0%]1[0%110101[0%]1[0%

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

bmatic Power Control (APC)

pbbles of the Guard_1 field at the start of a recording sequence can be used for performi
er-Control procedure. The Modulation-bit pattern to bedised for such an APC procedure

chosen freely by the recorder manufacturer and is allowed to be different from the repeated pattern as ¢

in 14.2.2.2.

14.2.2.4 Con

The PrA field

The content of

tent of PrA fields
as a length of 1 660 Channel bits.

the PrA field shall be as shown in.Figure 45.

ng an
can be
efined

77 times repeated 2 times repeated
01[02]1[02]10101[04]1[03] Sync_1 01[02]1[02]10101[04]1[03] Sync_2 01[02]1[02]10101[P*]1[03]
«———1540cps— | « 30 cbs.— «———40cbs—— < 30 cbs > «——20chbs+——
Figure 45 — Layout of PrA field
In general, Sync_1 shall b FS{mod[(N + 4), 7]} and Sync_2 shall be FS{mod[(N + 6), 7]}, if the first Frame

Sync after the

PrA is ES(N) (N = 0..6, see 13.17.4).

50).

This means thTt Sync_1 shall be FS4 and Sync_2 shall be FS6 (the first Frame Sync after the PrA is F

The first bit of each of Sync_1, Sync_2 and the first Frame Sync after the PrA are allowed to be used for dc
control (# = ZERO or ONE, see Figure 38).

14.2.3
14.2.3.1

The Data Run-

Guard_2:

The PoA field i

58

PoA (Post-amble):

Data Run-out

General

out consists of the following parts, as shown in Figure 46:

564 Channel bits;
540 Channel bits.

s meant as a runout for signal processing.

© ISO/IEC 2016 — All rights reserved



https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

The Guard_2 field is meant to cope with overlaps due to the SPS and inaccuracies in determining the start
location of recording sequences.

PoA Guard_2
564 cbs 540 cbs
nominally nominally
=~ 8 wobbles = 8 wobbles

Figure 46 — Layout of Data Run-out

14.2.3.2__Content of PoA fields

The PqA field has a length of 564 channel bits as shown in Figure 47.

The coptent of the PoA field shall be as shown in Figure 47.

Sync 3 24 timesyepeated
yne- 01[0°]1[0°11[0°]1[0°]1[0°]1[0"] 01[0%]1[0%10101[0*]1[0%]
<30 cbs —» 54 cbs 480 cbs N

Figure 47 — Layout of PoA field

In gengral, Sync_3 shall be chosen such that it corresponds ta@a frame number n + 1 if the Userl Data before
the Pof ends with frame number n (see 13.17.4).

This means that Sync_3 shall be FSO.

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

The 9TY/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 Gyard_2 field has a length ¢f 540 Channel bits.

The cohtent represented jniModulation bits is: 27 times repeated 01[0]1[0%]1/0101[0*]1[07]
14.2.4| Guard_3 field

14.2.4/1 General

Guard_3
540 cbs

repeated bit pattern optional APC
= 3 wobbles = 5 wobbles

Figure 48 — Layout of Guard_3 field
The Guard_3 field has a length of 540 Channel bits as shown in Figure 48.
The content represented in Modulation bits is: 27 times repeated 01[0%]1[0%10101[0*]1[0°]
14.2.4.2 Automatic Power Control (APC)

The last five wobbles of the Guard_3 field at the end of a recording sequence can be used for performing an
Automatic Power-Control procedure. The Modulation-bit pattern to be used for such an APC procedure can be
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chosen freely by the recorder manufacturer and is allowed to be different from the repeated pattern as
defined in 14.2.4.1.

14.3 Locating data relative to wobble addresses
14.3.1  General

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,Figure 50 and

Figure 52).

The accuracy for determining the start positions shall be better than +34 cbs.
14.3.2  Star{-Position Shift (SPS)

To avoid excessive wear of the disk, the start of the writing of each recording sequence~one or more RUBS)
shall be shifted from its nominal start position by a random number of Channel bits, called the Start-Fosition
Shift (—128 cbg < SPS < +127 cbs) (see Figure 49).

NWL 25

nominal
start
position

«— >
—345 +34

cbs cbs

accuracy
range
—128 cbs \ \ +127 cbs
-0\ I

SPS

A

v

_—2,35 wbs +2,33 wbs
- recording start position range g

& Run-out l Run-in
Example of SPS + inaccuracy = +58 cbs
overwriting | Run-in

SPS + inaccuracy = —80 cbs

Figure 49 — Nominal start position for data recording

Figure 50, Figure 51 and Figure 52 show examples how newly written RUBs will overlap with previously
written RUBs.

At the start of the newly written RUB, the Run-in of the newly written RUB will overwrite a part of the Run-
out/Guard_3 of the preceding RUB (if this had been written already before).

At the end of the newly written RUB, the Run-out/Guard_3 of the newly written RUB will overwrite a part of the
Run-in of the following RUB (if this had been written already before).

In all cases, sufficient Run-in/Run-out will be left over for recapturing of the detection electronics during
random access.
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Sync_3 Unit Reference Unit 1st Data_x Unit 2nd Data_x Unit
—_—> | % > | € > | <€
i i i i i i
U UNwL 25 UNwL 9 UNwL 37 UNwL 9 UNwL 37
B | 25,5 wbs |
< : S
9,5 wb
Cluster k-1 whs

1
Rec.Frame 496 Run-out Guar(‘i_3

Cluster k Cluster k Cluster k

Run-in Rec.Frame 1 Rec.Frame 2 Rec.Frame 3

SPS <>
2 -128 cbs| £ +127 cbs
nominal start position 4
for writing (=34 cbs)

NOTE SRS+ innr\r\nrnr\y of prn\/inuc rnr\nrr’ling =0and SPS + innr\r\nrnr\y of new rnr\nrding =Q.

Figure 50 — Example of nominal start position for data recording

Sync_J Unit Reference Unit 1st Data_x Unit 2nd Data_x Unit
> | < H H > | < H H > | < H H >
H LINwL 25 UNwL 9 LUNwL 37 LUNwL 9 LUNwL 37
‘ 25,5 wbs
9,5 wbs
Quuster k-1 ‘ ’
Run-
Rlec.Frame 496 ‘ un-oug Guarv.‘*l_3
i Cluster k Cluster k Cluster k
Run-in Rec.Frame 1 Rec.Frame 2 Rec.Frame 3

hominal start position A
or writing

NOTE | SPS + inaccuracy of previous recording =+161 and SPS + inaccuracy of new recording = —162.

Figure 51 — Example of data recording with maximum overlap

Sync_J Unit Reference Unit 1st Data_x Unit 2nd Data_x Unit
i Y a0 D N D n >
[ H i [ [ i
d U NwL 25 UNwL 9 UNwL 37 UNwL 9 UNwL 37
| 25,5 wb
I
9,5 wbs
1 ’
ﬁ!ﬁer;f;l 496 ‘ Run-out |Guard_3
) Cluster k Cluster k Cluster k
Run-in Rec.Frame 1 Rec.Frame 2 Rec.Frame 3

hominal start position A
or writing

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

Figure 52 — Example of data recording with minimum overlap
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 53).

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

The Zone between radius r; = 21,0 mm and radius r; = 22,2 mm is reserved to be used for the BCA (see
Clause 35). In this Zone, there shall be Tracks formed by a single spiral Groove, starting from (on Layer L0O) or

ending at (on Layer L1) radius 210.%% mm.

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

The Groove Tracks in the BCA Zone shall be Straight Groove(s) (without any modulation) between radius
ry = 21 mm ang the point where the encoding of the HFM Groove in the Embossed HFM Area starts (or] Layer
LO) or ends (om Layer L1) (see Clause 18).
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Inner Zone n _,_Data Zone n
BCA Embossed HFM Area Rewritable Area
> | & > |
B — —_— R —_
Layer L0St —— PO UaUWe UaUaUaW
raig roove HFM Groove Wobbled Groove i
Y7 n S tracking
7 r direction
7 r3 5
Layer L1 D e e e U,
Straight Groove HFM Groove Wobbled Groove tracking
/4 D _ dpzy direction
Connection Connection
Area Area

In the Embossed HFM Areas (see Clause 16), the Tracks are formed by a single spiral Groove,

Figure-53—GConnectionareas-between-different Groove-types——

continuing

uninterfuptedly from the end of the Groove in the BCA Zone (on Layer LO) or continuing uninterfuptedly to the

beginn|ng of the Groove in the BCA Zone (on Layer L1).

The Groove Tracks in the Embossed HFM Areas move with a rather high-frequency deviation in

the radial

directign around their nominal centrelines, providing a high bit rate/high-capacity data channel for the storage

of replicated information (HFM Groove).
The shppe of each Track is determined by the requirements in Clause-26.

In the Rewritable Areas (see Clause 16), the Tracks are formed by a single spiral Groove, starti
end of the Embossed HFM Area (on Layer LO) or ending atthe beginning of the Groove in the B

HFM

The G
around
some (

The waq
the mo

NOTE
used a
same 4

The sh

At the
uninter

rea (on Layer L1).

ove in the Rewritable Areas move with a mainly monotone sinusoidal deviation in the rg
their nominal centrelines [Wobbled Groove(s)]. The sinusoidal deviation is modulated by
ycles at certain locations by different patterns.

bble can be used for speed control of the disk and synchronization of the write clock of t
dulated parts represent addressing information called Address In Pre-Groove or ADIP (s

Although the term of."Pre-Groove" is not defined in this International Standard, "A
5 an acronym of "Address In Pre-Groove" in optical disk standards. The meaning of "Pre
s that of "Groove" in‘this International Standard.

ppe of each TracK is determined by the requirements in Clause 27.

ng from the
mbossed

dial direction
replacing

he drive while
be 15.7).

DIP" is widely
Groove" is the

connectionybetween the Embossed HFM Area and the Rewritable Area, the spiral Groove shall be

rupteds:Between the replicated information in the HFM Groove and the ADIP information

in the

Wobbl

td

the tapaﬂnﬁal direction alnng the Track

Groove, it is allowed to have a Groove-only part (without any modulation) for a maxim

Tm of 1 mmin

Groove geometry

The Grooves shall be nearer to the Entrance surface of the disk than the Land.

The Grooves shall be at the inner side of their average centreline at the start of the Monotone Wobbles (see

Figure

© 1S0/I

54). Recordings shall be made on the Grooves.
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Land
Groove

Substrate

Transmission Stack

read-out
beam

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

15.3 Track Path

On Layer LO, t
disk rotates ac|

On Layer L1, t
disk rotates ac

On an SL disk
Zone and shal

On a DL disk,
Quter Zone 0 4
of the Outer Zq

cording to the specification in 9.8.

cording to the specification in 9.8.

the Tracks shall start at the beginning of the Inner Zone, terminate at the end of the Out
be continuous in the Information Zone (see Figure 12 and-Figure 13).

he Tracks on Layer LO shall start at the beginning 6f'thie Inner Zone, terminate at the eng
nd be continuous in the Information Zone. On Layer L1, the Tracks shall start at the beg
ne 1, terminate at the end of the Inner Zone 4 and be continuous in the Information Zong

Figure 12 and Figure 14).

15.4 Track Pitch

15.4.1 Track Pitch in BCA Zone

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

The Track Pitch shall be (2,0 +,051) um.

In the area between r, and,rs":mm, the Track Pitch has to change over from 2,0 um to the Track Pitch of
Embossed HFM Area (on Layer L0) or vice versa (on Layer L1).

15.4.2 Track Pitch in Embossed HFM Areas

ne spiral shall run from the inner side of the disk towards the outer side of the disk when the

ne spiral shall run from the outer side of the disk towards the inner side of the disk when the

14

E

of the
nning
(see

ent

the

The Track Pitch (TP) in Embossed HFM Areas is the distance between the average centrelines of a HF
Groove in adjacent Tracks, measured in the radial direction.

The Track Pitch shall be (0,350 + 0,010) um.
The Track Pitch, averaged over the Embossed HFM Areas, shall be (0,350 + 0,003) um.

15.4.3 Track Pitch in Rewritable Areas

The Track Pitch (TP) in Rewritable Areas is the distance between the average centrelines of a Wobbled

Groove in adjacent Tracks, measured in the radial direction.
The Track Pitch shall be (0,320 + 0,010) um.

The Track Pitch, averaged over the Rewritable Areas, shall be (0,320 + 0,003) um.
64
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15.4.4 Track Pitch between Embossed HFM Area and Rewritable Area

The change in Track Pitch from 0,35 um to 0,32 um (on Layer LO) or vice versa (on Layer L1) shall be realized
within maximum 100 Tracks (revolutions), which Tracks shall be located completely in Protection-Zone 2 (see
Figure 81).

15.5 Track layout of HFM Groove
15.5.1  General

In 15.5, only the encoding format of the data will be described. The locations and their content will be defined
in Claj':c +and-+8-=

The data in HFM Groove is recorded in 4K partitions, called PIC Clusters. Each such PIC Clustér contains two
Data Frames, each with 2 048 bytes of data. The Error-Correction mechanisms used to-protect fhis data and
the praocedures used to build up fully-formatted partitions are very similar to those deseribed in Glause 13.

A reduged combination of an LDC + BIS Code is used as shown schematically imFigure 55.

For defailed descriptions of the related processing steps and applied codesireference will be made to the
descrigtions in Clause 13.

Sync

1 byte 10 bytes 1byte 9 bytes

data’stream : 216 data
248 rows > :
________________ ondisk | i | :
SRR\ ESUUUUTNN RUSUNY NN SR U
T
32 patrities
\! Baa7 ... Da 711 J

Figure 55 — Schematic representation of 4K PIC Cluster on disk
15.5.2| DataFormat

15.5.2[1 /Data Frame

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

Each Data Frame with its EDC is scrambled according to the procedure described in 13.4. For the preset of
the scrambler, AUN1s5 .. AUN1 (see 15.4.1 and 13.9.2.3) shall be used instead of PS19 .. PSs.

15.5.2.3 Data Block

Each two Scrambled Data Frames are mapped into an array of 216 rows x 19 columns as described in 13.5
and indicated in Figure 22 (only columns 0..18).
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15.5.2.4 LDC Block

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

15.5.2.5

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

Interleaving

Only the second interleaving step, described in 13.8.3 is applied, where each successive row is shifted one

more byte pos
shift out at the

tion to the left [c.hiﬂ = mnd(k, 10), inwhich kisthe rownumber Q0 <k 947] The hyan t

at

left side are re-entered in the array from the right side (see Figure 56).
«— - -
bytes
<« shift 0 €0,0 €0,1 €0,18 T
« shift 1 €11 €1,2 €1,18 e1,0
<« shift 2 €2,2 €23 €2,18 €2,0 €2,1
<« shift 18 €18,18 €18,0 €18,17 248
<« shift 0 €19,0 €19,1 €19,18 rows
<« Bhift mod(k,19)
« shift 18 P246,18 | P246,0 p246,17
<« shift 0 P247,0 P247,1 P247,18 J

After this procgss, the bytes are renumbered.in the horizontal direction through all the rows, resulting in
0 D4 711 as indicated in Figure-55.

numbering Do

15.5.3 Add

15.5.3.1 General

Unlike the format in Rewritable Areas of the disk, a BIS Block, is composed of 4 BIS Code words, and fi
es of nine bytes each, in 18 rows and two User-Control Data Units of 24 bytes each, in 1
(see Figure 57)).

with 8 address

66

Figure 56 — Interleaving of PIC LDC Block

ressing and Control Data

the

lled up
D rows
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< 4 columns
0 1 2 3
) 0 AF0,0 AF0,3 AF0,2 AF0,1 T
1 AF0,4 AF0,7 AF0,6 AF0,5
2 AF1,1 AF1,0 AF1,3 AF1,2
3 AF1,5 AF1,4 AF1,7 AF1,6
4 AF2,2 AF2,1 AF2,0 AF2,3
5 AF2,6 AF2,5 AF2,4 AF2,7
6 AF3,3 AF3,2 AF3,1 AF3,0
i AE3 7 AE3 6 AE3 5 AE3 4
8 AF4,0 : : AF4 .1 18 pws
9 AF4,4 : : : addrgsses
10 AF5,1 AF5,0
11 AF5,5 : :
1BIS 12 AF6,2 AF6,1 AF6,0
Code word 13 AF6,6 : : :
=62 bytes 14 AF7,3 : AF7,1 AF7,0
15 AF7,7 : : :
16 AF8,0 : : AF8,1
17 AF8,4 AF8,7 AF8,6 AF8,5 J
18 ucCo,0 uUc12,0 wcCo,1 uc12,1 1
19 ucC1,0 UC13,0 uc1,1 UC13,1 12 rpws
: : : : : User Qontrol
28 uc10,0 uc22,0 uC10,1 uc22,1 D4ta
29 uc11,0 ue23,0 UC11,1 ucC23,1 \
30 pb 30,0 pb 30,1 pb 30,2 pb 30,3 1
31 pb 31,0 pb 31,1 pb 31,2 pb 31,3 32 rows
: : : : : partties
\ 61 pb 61,0 pb 61,1 pb 61,2 pb 61,3 \
code word 0 | code word 1 | code word 2 | code word 3 ‘
Figure 57 — PIC BIS Block
15.5.3.2 Address Field
Compgrable to-the Rewritable Areas of the disk, where each 1/16 of a 64K Cluster (=4K bytes) is identified by
one Address-Unit Number (see 13.9.2 and subclauses), each 4K PIC Cluster shall be identified |oy one
Address-Uhit Number, These Address-Unit Numbers shall increase by two for each successive UK PIC

Cluster.

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

AF, s = MSB of Address-Unit Number (all the same for S=0..7)
AF, s = 2" SB of Address-Unit Number (all the same for S=0 .. 7)
AFys = 3™ SB of Address-Unit Number (all the same for S=0..7)
AF; s = LSB of Address-Unit Number (all the same for S=0..7)
AF4,S = flag bits:
bit 7 to bit 3 shall be set to Reserved
bit 2 to bit 0 shall be set to the binary value of S
AFs s .. AFg s = parity bytes for forming an (9,5,5) RS code over the Address Field
The parity bytes shall be calculated according to the definitions given in 13.9.2.2.
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The 8 addresses are mapped into the PIC BIS Block in a special pre-interleaved way.

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

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

the left.

Mathematically, this mapping of the address bytes into the PIC BIS Cluster can be represented by the

following formu

byte AF,,

aS,

shall be allocated in row:
and in column:

r=2xx+div(y, 4);
¢ =mod[(x + 8 — y), 4].

15.5.3.3 Us¢r-Control Data

There are two
Data Unit shal
rows 18 to 29.
2 and bytes 12

All bytes of bof
15.5.3.4 BIS

The PIC BIS B
procedure des
result is now a

15.5.3.5 BIS

|User-Control Data Units, each consisting of 24 bytes. Bytes 0 to 11 ofithe first User-Cont
be placed in column 0, rows 18 to 29 of the PIC BIS Block and bytes~”12 to 23 in column
In the same way, bytes 0 to 11 of the second User-Control Data.Unit shall be placed in ¢
to 23 in column 3 (see Figure 57).

h User-Control Data Units shall be Reserved.
Code words

lock is completed by adding 32 rows with parity bytes (see Figure 57) according to the
Cribed in 13.11 and 13.12, with the difference that there are only two columns (¢ = 0..3). ]
matrix of 62 rows x 4 columns.

Cluster

Finally, the mattrix of BIS Code words is recanstructed into one-column of 248 bytes that can be inserte

PIC Cluster as

Bytes B, to By
cyclically in a g

Bytes Bqz4 t0 B
cyclically in a ¢

Mathematically

indicated in Figure 55.

3 are filled by succeSsively copying bytes from the even rows by going through the BIS B]
iagonal directionstarting from row 0, column O (see Figure 58).

47 are filled)by successively copying bytes from the odd rows by going through the BIS H
iagonal direction starting from row 1, column 0.

, thesmapping of the bytes from the PIC BIS Block into the PIC BIS Cluster can be repre

fol
1,
blumn

'he

] in the

ock

lock

sented

by the followin

g formulas:

Let byte b, be

the byte in row r and column c of the BIS Block,

and byte B; is the f byte in the column of the BIS Cluster,

then

and vice versa

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

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

As a result of this interleaving, the one-column 248-byte BIS Cluster is divided into 8 groups of 31 bytes,
where each 31-byte group is composed of nine address bytes, six UC data bytes, and 16 parity bytes in
succession. The address bytes, due to the pre-interleaving, appear in the correct order for direct access.
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BIS Block BIS Cluster
i c=0 1 2 3 « 1 byte >
r=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 = B;
6 34 3 :
7 158 127
8 4 35
9 128 159
10 5 :
11 129 B123 248
12 6 Busg rowy
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 Bas7 J

Figure 58 — Reading order for constructing PIC BIS Cluster
15.5.4| Recording Frames

15.5.41 General

In the mext processing step, the 19 columns of an interleaved LDC Block are multiplexed with th
ster and extended with a column of synchronization patterns as defined in Figure 55.

BIS ClI

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

E one-column

© ISO/IEC 2016 — All rights reserved
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15.5.4.2 Modulation

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

The Modulation bits are recorded on the disk by a deviation of the Groove from its average centreline as
indicated in Figure 59. The length of each bit cell shall be 36T, where T corresponds to the length of a
Channel bit in the Rewritable data Areas.

Gl\alllp:c Uf data b t Dtlcalll
0 1 0 1 1 0
average \ J J
Groove_ ........................................... N A —|-..
centre
\ / /
<“—> | <——>
36T 36T

Figure 59 — Biphase modulated HFM Groove

15.5.4.3 Frame Sync

Each Recording Frame starts with a Synchronization patter@?equivalent to 8 data bits. The first 4 bits arg
replaced by 4 bit cells with a special pattern that violates'the normal Biphase encoding rules (see Figurg¢ 60:
two possible patterns depending on the initial phase)

Sync pattern

'
¥

data Synchody Syncidentification clata
— - | -

~
|

- - - - Do ‘ D1 Dz ‘ Far

Figure 60 — Biphase Synchronization pattern

Seven different Sync patterns are identified by the last 4 bits: IDy .. ID, and a Parity bit (see Figure 61).
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Sync number IDo ID+ ID2 Parity
FSO 0 0 0 0
FS1 0 0 1 1
FS2 0 1 0 1
FS3 0 1 1 0
FS4 1 0 0 1
FS5 1 0 1 0
FS6 1 1 0 0

Figure 61 — Sync identification

By meelms of the PIC BIS column, the 248 rows of a PIC Cluster can be divided into 8 groups of
5, where each group of Recording Frames carries an address in its first nine rows/(see 14

Frame

The 31
pattern

The other Sync patterns are mapped as specified in Figure 62.

Track

15.6.1

General

successive Recording Frames of each such group are identified by a specialsequence
S (see also 13.17.4). The first Recording Frame of each group has the unique' Sync patte

Frame number | Sync number | Frame numbet |)* 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 F31 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

ayout of Wobbled GFoove(s)

Figure 62 — Mapping of Sync patterns on PIC Recording Frames 15.6

31 Recording
.5.3.5).

pf Sync
rn FSO.

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

5,1405 um + 0,005 um for a disk with a User Data capacity of 25,0 GB per Layer

averaged over the Rewritable Areas.

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

© ISO/IEC 2016 — All rights reserved
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15.6.2 Modulation of wobbles
15.6.2.1 General

The basic shape of the wobble is a cosine wave: cos(2r x fyop X t ). Wobbles with this basic shape are
called “Monotone Wobbles” (MW).

Some wobbles are modulated and two modulation methods shall be used simultaneously
— the first modulation method is called “MSK-cos” (Minimum-Shift Keying—cosine variant), and

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

In the Protectign-Zone 3 Area in the Outer Zone(s) (see Clause 16 and 20.9), the Groove shall be
modulated by MSK-cos only and NOT by HMW.

Both modulatign methods shall represent ADIP information as defined in 15.7.
15.6.2.2 MSK-cos modulation

MSK-cos modutilation is applied by replacing three consecutive Monotone Wobptes'by one MSK Mark (MM).
An MSK Mark consists of the following three nominal wobble lengths NWL with the following wobble
patterns as indicated in Figure 63:

— the first NYWL starts the MSK Mark with a cosine wobble with a frequency = 1,5 x fyop;
— the secongl NWL continues the MSK Mark with a cosine wobble with a frequency = fyopb;

— the third NWL terminates the MSK Mark with a cosine wobble with a frequency = 1,5 X f0p-

wobble:
=Cos(2nXfwobXt)
start of
wabble: wobble:
wobbles
+c0s[2mX(1,5%fwob) X1] ~cos[21X(1,5Xfwob)Xt]
inner side
of disk “— | ——> | ——>
y
A
\ 4 v v
outer side < > > >l < -l >

of disk ‘\‘\ o /

Monotone Wobbles (MW): +cos(2nXfyobX t)
Figure 63 — Definition of MSK Mark

15.6.2.3 HMW modulation

HMW modulation is applied by replacing a number of consecutive Monotone Wobbles with the same number
of Saw-Tooth Wobbles (STW). A Saw-Tooth Wobble is formed by combining the basic cosine with a sine
wave of twice the frequency as shown below.

CoS( 21 X fyop X t) + @ x sin[ 21 % (2 X fyop) X t] in which a = 0,25
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Such a combination of a cosine with the fundamental frequency and a certain amount of second harmonic

represents a first-order approximation of a saw-tooth wave. The “+” or “-” sign creates a left or right
inclination, where the “+” sign is used to represent the bit value ONE and the “~” sign is used to represent the

bit value ZERO (see Figure 64).

+cos(2mxf_ xt)+axsin2m x(2xf_)xt]  +cos(2mxf,_, xt}-axsin[2m x(2 xf_)x{]

WO

s one ¥ ¥ ONE zero ¥ +ZERD
inner side - | » - - | »
of disk
i il i \ RN [
i i \l i
L\
L i ) . # #
outer|side
of digk < > A + 5 A < .
- =
Bty SawTooth Wobbles T SawToothWobbles e
Monotone wobbles (AW apr EDS[_ETT % fwm X ﬂ.

Figure 64 — Definition of Saw-Tooth Wobbles
15.7 ADIP Information
15.71 General

Data tq be recorded onto the disk shall be aligned-with the ADIP addresses modulated in the wgbble.
Therefpre, 56 NWLs shall correspond to two Recording Frames (see 13.15). Each group of suclh 56 NWLs is
called an ADIP Unit (see Figure 65).

2 Recording Frames
<«——1 932 Channel bits 1 932 Channel bits +——
Sync Data Sync data
=95 > 4+ =95
Wobbles wobbles
one ADIP Unit
56 NWLs

Figure 65 — General ADIP structure
15.7.2  ADIP-Unit Types

By inserting MM’s into the 56 NWLs of an ADIP Unit with unique distances between adjacent MM’s, different
types of ADIP Units can be created.

The ADIP Units representing a data bit are additionally modulated with STW'’s.
Furthermore, a reference STW Unit is defined. Each type of ADIP Unit starts with an MM.
The following types of ADIP units are defined (see Figure 66):

Monotone Unit: consisting of one MM followed by 53 MWs;
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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 MWSs, one MM and 25 MWs;
Sync_2 Unit: consisting of one MM followed by 17 MWs, one MM, 7 MWSs, 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 ONE or ZERO:
Data_1 Unit: consisting of one MM followed by 9 MWs, one MM, three 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.

NWL number 0....3.. 18 .....55
Monotone Unit [ EEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEEEEE NS
Reference Unit I T T T T T TTTTTT T T NRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRNNENRN]
Sync_0 Unit [ EEEEEEEEEEEN [TTTTT ]
Sync_1 Unit -1111111111111IIIIII-IIIIIIIIIIIIIIIIITIIIII]
Sync_2 Unit [ SEEEEEESEEEEEEEEEE SESEEEE SEEEEEEEEEENNEEEEEEEEN
Sync_3 Unit [ EEEEEEEEESEEEEEEEEE SEEEEEE 2 EEEEEEEREGPEEEEEEEENE
Data_0 Unit I T T T T T T7 77 e NRRRRRRRRRRRRRRRRRRRRRSEARKRRRRRRRRRRN]
Data_1 Unit | DS I VA VA VA A VA VA WA VA VA WA VA VA VA VA VA VA WA VA VA VA VA VA W 5 74 VA VA VA WA VA VA VA VA VA VA YA YA B

I MSK Mark
[J Monotone Wobble
N SawTooth Wobble representing a “ZERO” [A. SawTooth Wobble representing a “ONE”

Figure 66 — ADIP:Unit types
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15.7.3  ADIP Word structure

83 ADIP units are grouped into one ADIP word.

This means that three ADIP words correspond to 3 x 83 x 2 = 498 Recording Frames, which is equivalent to

one Recording-Unit Block (RUB) (see 14.2).

Each ADIP word shall be constructed as indicated in Figure 67.

ISO/IEC 30192:2016(E)

ADIP-Unit number | ADIP-Unit Type %E:'Eumgf Arfi)t')zlgor?fr;]"g‘;d
1 Sync 0 —
2 Monotone —
3 Sync_1 —
4 Monotone — —
5 Sync_2 —
6 Monotone —
7 Sync_3 —
8 Reference —
9 Data_x b3
10 Data_x b,
11 Data_x bs c
12 Data_x bo
13 Reference — —
14 Data_x bs
15 Data_x b, c
16 Data_x b, 1
17 Data..x bo
18 Reference — —
8+ix5 Reference — —
9+jx5 Data_x bs
10+ix%x5 Data_x b, .
1140% 5 Data_x by '
12+ x5 Data_x bg
78 Reference — —
79 DPata—x by
80 Data_x b, .
81 Data_x by "
82 Data_x bg

© ISO/IEC 2016 — All rights reserved

Figure 67 — ADIP word structure
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15.7.4  ADIP Data structure

15.7.4.1

General

Each ADIP word contains in a total of 60 bits, which forms a code word, according to a non-systematic Reed-
Solomon Error-Correction Code. This code word is constructed from 36 information bits. Before encoding the
information, the 36 information bits are ordered into 9 4-bit nibbles, ny to ng, as defined in the array of

Figure 68.

Nibble b, b, b4 bo

No AA23 AA22 AA21 AA20 )

N4 AA19 AA18 : : 6 ADIP

: : : : : nibbles address
Ns AA3 ; : AAQ \2

Ne AX11 : : : 0

: : : : : 3 nibbles,\AUX data
Ng AX3 : : AX0 J

Figure 68 — ADIP-information structure

The nibbles ny|to ng are transcoded to nibbles ¢y to cq4 by an error-correction'system (see 15.7.5).

Because this €

in the informatjon array and the coded bits in the ADIP Unit.

15.7.4.2 ADIP-Information bit assignments

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

rror-correction system is non-systematic, there is no sifiple direct relationship between the bits

— AA23..AA0: These 24 bits shall contain,the Physical ADIP Address (PAA). AA23 shall be the msb
and AAO ghall be the Isb. This address shall consist of the following three parts.

— AA23..AA21: These three bits_shall indicate the Layer number and shall be set to: 000 on Layer LO
and 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 orle after
each threg consecutive ADIR-words (synchronized to the RUBs, see 14.2).

— AA1,AA0] These two-bits shall be set to 00, 01 and 10, consecutively, in each three successive ADIP

words corfespondingto one RUB. The setting 11 shall not be used.

The first addrepsdn‘the Information Zone on Layer L0 shall be such that the first address in the Data Zo

o_NAN

which is PAA (0266 GGI., istocatedatradits 24,0700(1 LLLRAP

The last address of the Data Zone on Layer LO (LAA) shall be located at a radius <58,1 mm.

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

The last address of the Data Zone on Layer L1 (3D FF FEh) shall be located at a radius 24,0 3% mm.

— AX11..AXO: 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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Frame with 144 bytes.

of 128 (PAA = xxxx xxxx xxxx xxxx x000 0000).

The content of the 144 bytes are defined in 15.8.

ISO/IEC 30192:2016(E)

15.7.4.3 Relation between Physical ADIP Addresses on Layer L0 and Layer L1

AX11..AX0 from 96 consecutive ADIP words (equivalent to 32 RUBs), shall form one ADIP Aux

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

There shall be a fixed relation between the PAAs on Layer LO and Layer L1. The PAAs on Layer LO and Layer

L1 located at the same radius (having the same distance in number of ADIP words from their re

spective Inner

Zone) shall have inverted bits AA20 to AA2 (see Figure 69).
In this fvay, the PAAs on Layer L1 increase from the outer side towards the inner side of the disk, which is in
the tragking direction. Simultaneously, the inverted address bits AA20..AA2 of PAAhave the sgme relation
with the radius as the equivalent non-inverted bits on Layer LO.
Layer number Sequence number Intra-RUB number
PAAgonLayer | aa23 . AA21 =000 AA20 .. AA2 AAT,AAQ = 00,01,10
LO from inner to quter
PAAronLayer | apo3  AA21 =001 AA20 AA2 AA1,AA0 = 00,p1,10
L1 from outer to inner
Layer LO first address last address
0200 00h ..... RAAY | .. LAA
: T : T : T :
Inner Zone ol SN L Outer Zorle
3D FF FEh ..... PAA, | ... FAA
Layer L1 last address first address

Mathennatically, this can be expressed as follows.

Figure 69 — lllustration of PAA relation between Layer L0 and Layer L1

After aflding CO 00 01h to-PAA,, all 24 bits are inverted, resulting directly in the full corresponding address

PAA1 gn Layer L1.

Mathematically: RAA, =PAA, +C00001h

(The agldition=of*1 corrects for the order of the intra-RUB numbers, while the addition of CO 00 0

of the ¢orrect’Layer number.)

Dh takes care

In this way, the last address of Data Zone 1 can be derived as follows: 3D FF FEh=020000h+C00001h,
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(2%). The total number of nibbles in a code word is 15, the code words are calculated from

nine informatio

n nibbles and the minimum distance of this code is seven.

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

p(x) = x*

+x+1

The symbols of GF(24) are represented by nibbles (groups of 4 bits), using the polynomial-base

representation

a=0010

The code word
to ng with the fi

and g"(x) is a
g"(x) is

6
Zi = a

The generator

where g)(x)

Before recordi

ﬂi(x—a'),

amd normalizing the result such that g")(zi) = 1. The zero z; to be removed is given by:

3
wWItNn (a, d, d, 1)as d DAasis. 1The 1oot d Is thus represerted as 10110Ws.

, represented by the vector (cy 4 .. C13 C14), Can be calculated from the informatioh symb
bllowing formula:

7
P x X =3 x g (x)+ng x g,(x)
i=0

he parent generator polynomial:

specific generator polynomial for each symbaobn; (i=0 .. 7).
derived from the parent generator polynomial g,(x) by removing one of the zeroes z; of g

polynomials are then calculated as follows:

()
s

9p(X)

X-z;

and2B; = 3"[z]

ng.on-the disk, all bits of the nibbles cg to cq4 shall be inverted.

DIS Ng

Remark 1:

Because the code is non-systematic, an additional calculation is needed to derive the information symbols
from the corrected code-word symbols after standard RS-decoding.

The information symbols ng to n; can be obtained by evaluating the corrected code word C(x) in the zero

corresponding

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

14
_ _ i+6)_ (i+6)xj
n;=S;.s —C(O‘ )—ZCM—/ xa

j=0

ng is a systematic symbol and can be obtained from C(x) directly by copying symbol c,.

Remark 2:
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Each information symbol n; corresponds to a ZERO in the parent generator polynomial gp(x). Figure 70 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— o)
(x—a’)
(x—a)
. LN
w}=uj
No (x —a®)
nq (x—a')
N, (x —d®)
N3 (x—a°)
Na (x—a')
Ns (x—a'
Ne (x—a'?)
ns (x—d™

Figure 70 — Corresponding zero factor for each information symbol

If an information symbol is known and its corresponding zer¢ extends the existing series of zeroes
corresponding to (x — a°) .. (x— a”) .., the Hamming distarice will increase. For instance if no is known, the
Hammj|ng distance will become d = 8. If both ny and n4 ate known, the Hamming distance will begcome d = 9
etc.

In othef words, prior knowledge of information symbols can increase the Hamming distance of the code.
Because the addresses in the ADIP increasedinearly, such prior knowledge is present.

This pijenomenon 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 71.

Several Disk-Information (DI) Aux Frames can be grouped into a DI Block. All Disk-Information Blocks shall
have the same content.

15.8.2

such a Long-D
to complete th

Bytes ep, .. €4

number b, b bs b4 b; b, b, bo
a AXT1 AX10 AX9 AX8 AXT7 AX6 AX5 AX4
word1 | word1 | word1 | word1 | word1 | word1 | word1 | word.1
1 AX3 AX2 AX1 AX0 AX11 AX10 AX9 AX8
word1 | word1 | word1 | word1 | word2 | word2 | word 2 |cword 2
o AX7 AX6 AX5 AX4 AX3 AX2 AX1 AX0
word2 | word2 | word2 | word2 | word2 | word2 | word2 | word 2
3 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word3 | word3 | word3 | word3 | word3 | word 3~\word 3 | word 3
141 AX11 AX10 AX9 AX8 AXT AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | ward 95 | word 95 | word 95 | word 95
14b AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
word 95 | word 95 | word 95 | word 95 word 96 | word 96 | word 96 | word 96
143 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word 96
Figure 71 — ADIP Aux Frame byte ordering
Erroy protection for Disk-Information Aux Frames
The DI Aux Frames are protected-by~a Long-Distance RS Error-Correction Code according to 13.7. Beg
stance Code is built up from 248 bytes, 104 dummy bytes (not recorded on the disk) are
e Long Distance DI Aux Frame code words (see Figure 72).
3, in 13{7 represent the dummy bytes (all set to FFh), bytes €44, .. €215, represent the [}
Information bytes, and bytes pa1e,. -. P247,L represent the Parity bytes.
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15.8.3

15.8.3.

ADIB
Frame

the sar

The se
from P

In Prot
Aux Fr

The 11
shall st

DI Unit
that ha

DI-Unit header, the DI-Faormat Number, shall be used for this purpose. With this byte, 256 types
with different content.can be distinguished.

If the number of-parameters of a single set do not fit in one DI Unit, such a set shall be stored in
consequtive D} Units, in which case, bit b; of byte six indicates that the next DI Unit in the sequg
contindation of the actual one.

An usa

ISO/IEC 30192:2016(E)

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 96 ADIP words X12 bits = 144 bytes

1 DI Aux Frame from disk: ——>

lo

ik

[l Piclctiaf i 11
il UISNTITITUTTTITIativult UTITIL

(119 kool
TITZOVYTeST

Co.

Rarity

216 <

32—

Long-Distance, Error-Correction Code word

Figure 72 — Disk-Information structure and error-correction format
Disk-Information Data structure

1 General

5, up to a maximum total of 31, can be used. Each Recording Layer shall carry the same
ne DI Aux Frames.

guence of DI Aux Frames shall be repeated thfoughout the Inner Zones, starting with DI
AA 01 B8 00h on Layer LO and from PAA 3E@O0 00h on Layer L1.

bction-Zone 2 (see Figure 81 and Figure'82), the auxiliary bits can be set to ZERO or car
bmes (such that the sequence is contiguous with a DI Aux Frame 0 at the addresses spe

art with 8 bytes, forming the DI-Unit header (see 15.8.3.2).

5 can contain different.sets of parameters, such as different write strategies. To distinguis
e different definitions for their content, a unique identification of such DI Units is needed

ock can consist of a multiple of 144-byte DI Aux Frames (seg Figure 72). If needed, addifional DI Aux

DI Blocks with

Aux Frame 0

contain DI
cified above).

2 Disk-Information bytes in each DI Aux Frame are called a Disk Information (DI) Unit. Each DI Unit

h DI Units
Byte 2 in the
of DI Units

multiple
nceis a

ge of DI Blocks 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 73.

Byte number Content Number
of bytes
Oto1 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 | eqacy information 1
5 DI-Unit sequence number in DI Block 1
6 Continuation flag (1 bit) 1
Number of DI bytes in use in this DI Unit (7 bits)
7 Reserved 1
body 810 99 DI-Unit content 92
100 to 105 |Disk-Manufacturer ID 6
106 to 108 |Media-Type ID 3
footer -
109to 110 |Time stamp 2
111 Product Revision number 1

Figure 73 — General DI-Unit format

Bytes 0 to 1: | Disk-Information identifier

These two bytes shall be set to 44 49h, representing the characters “DI".
Byte 2: DI-Format Number

This byte shall identify the content of the DI Unit or DI Unit set (See description of Byte 6).
For disks with BCA codé,.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 thg Class
number and the Version number as defined in byte 11.

In the future, this International Standard may be extended to allow for new features, such as higher recgrding
velocities or higher data densities. To prevent backwards-compatibility problems of such newer disks with
older drives ag mUch’as possible, a Class number and a Version number have been introduced.

The Class number will be incremented if a BD Layer according to the new specifications should not be
accessed by legacy drives at all, neither for reading nor for writing (e.g. to prevent possible 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 for 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
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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 Version number as described above, backwards compatibility of future disks
can be maximized while still preventing possible damage to disks and drives.

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

Byte 3: Number of DI Aux Frames in each DI Block / Number of the Layer to which this DI Unit
applies

Bits byto bs:  These five bits shall specify the number of DI Aux Frames N in each DI Blockc(j] < N < 31).

Bits b, [to by: These three bits shall specify the number of the Recording Layer to which-the specifications
in this DI Unit apply.

Byte 4 Legacy information

This byte shall be set to:
01h on SL disks,

02h on DL disks,

00h on other disks.

Byte 5 DI-Unit sequence number in DI Block
This byte shall specify the sequential DNUnit number within the DI Block.

It shall be set to a number n, where n indicates the actual number of the DI Unif within the
actual DI Block (0 <n <N —1);

The sequence of DI Units shall be ordered (see Figure 74) first according to incfeasing
Nominal Recording Velocity (byte 32 to 33), second, within each sequence of Dl Units with
the same Nominal.Recording Velocity, according to ascending Layer number (hyte 3) and
third according to_the preference of the Write Strategy (identified by the DI-Format Number,
but need not.be in the sequence of DI-Format Numbers).

Sequence number | Recording Velocity Layer number Write strategy
0 0 preferred WS

1 alternative W$

1 preferred WS

k-1 vi alternative W$

[49 . pIeicitcu vwo

alternative WS
preferred WS

2k -1 k=1 alternative WS
2k 0 most-preferred WS
V2 > V1
k=1 :
least-preferred WS
V3 > V2 0 :
N-1 etc. etc.

Figure 74 — Example of DI-Block sequence
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Byte 6: Continuation flag / Number of DI bytes in use in this DI Unit
bit b;: This bit shall specify 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:
Zero if the next DI Unit is the start of a new set of parameters, or
ONE if the parameter set in this DI Unit is continued in the next DI Unit (see Figure 75).
bits bg to by: These seven 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 76).
Byte 2 = ..
Byte 3= N/ Layer LO
Byte5=n-1
Byte 6, bitb; =0 end of preceding parameter set
1 Byte 2 = x start of actual parameter.Set
| Byte 3 = N/ Layer L1 :
| Byte 5=n
| Byte 6, bit b; =1
arameter set ENDZER
p)f Byte 3 = N/ Layer L1 L )
or Layer L1 Bvte 5= + 1 continGation of actual parameter set
spans 3 DI Units Y . _ :
| Byte 6, bit b; =1
| Byte 2 = x
| Byte 3 = N/ Layer L1
1 Byte 5=n+2 :
Byte 6, bitb; =0 end of actual parameter set
Byte 2 = .. start of next parameter set
Byte 3 = N /Layer LO
Byte 5 =-n%3
Byte 6, bit'b; = ..
Figure 75 — Example of DI-Unit extension
Byte 7: Reserved
Bytes 8 to 99: DI-Unit content

'I'Innnr\ Q2 byvioc nhnll nl-rw-r\ I-hn nr\r\r\"n nnn+nn+ n-F +Inn nl | In + o n—\h ac. o
TS O

TCOC— IOyt

IPTTTTCCOT

parameters, read/write powers and write strategy parameters.

Bytes 100 to 105: Disk-Manufacturer ID

a—aanaoral rlu-k
SoCTrToo g gohitarrrS

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

Bytes 106 to 108: Media-Type ID

84

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

© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

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 b, of byte 110 shall form one 12-bit binary number
representing the year of production.

Bits b; to by of byte 110 shall form one 4-bit binary number representing the month of
production.

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

Byte 1{11: Product Revision number

This byte shall identify the Product Revision number in binarymnotation. All digks 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 diff¢rences are
allowed; Product Revision numbers shall be irrelevant\for recorders).

The content of this byte can be chosen freely by the disk manufacturer. This|International
Standard does not specify the format and the Content of this byte. It shall be ignored in
interchange.
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15.8.3.3 Definitions for DI format 1(N-1 write strategy A)

The content of the body of DI Units according to DI Format 1 shall be as depicted in Figure 76.

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
1410 15 Reserved 2
16 BCA descriptor 1
17 maximum transfer rate 1
14 to 23 Reserved 6
24 to 31 Data-Zone allocation 8
33 to 35 Recording Velocities 4
34 to 39 Maximum dc read powers 4
40 to0 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings at Nominal Recording, Velocity 8
5@ to 63 Write-power settings at Maximum Recording Velocity 8
64 to 71 Write-power settings at Minimum Recording Velocity 8
72 Twp write multi-pulse duration 1
73to 75 Ttop first-write-pulse duration 3
dTop first-write-pulse start time
7§tors at-Nominal Recording Velocity 3
79 to 81 dTrop first-write-pulse start tlmg ' . 3
at Maximum Recording Velocity
/ dTiop first-write-puilse start time
831084 at Minimum Recording Velocity 3
84 to 87 Reserved 3
88 Te erase.multi-pulse duration 1
dTeAirst-erase-pulse start time
[¢
89 1o 91 at Nominal Recording Velocity 3
4 dTe first-erase-pulse start time
931094 at Maximum Recording Velocity 3
dTe first-erase-pulse start time
=
Nl at Minimum Recording Velocity 3
o8 Erase-flag bits 1
99 unused = 00h 1
100 to 111 DI Unit footer 12
Figure 76 — Content of Disk Information for DI format 1
Bytes 0 to 1: Disk-Information identifier
See 15.8.3.2.
Byte 2: DI-Format Number
This byte shall be set to 01h for disks with BCA code.
This byte shall be set to 81h for disks without BCA code.
86
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Byte 3: Number of DI Aux Frames in each DI Block / Number of the Layer to which this DI Unit
applies
See 15.8.3.2.
Byte 4: Legacy information
See 15.8.3.2.
Byte 5: DI-Unit sequence number in DI Block
See 15.8.3.2.
Byte 6 Continuation flag / Number of DI bytes in use in this DI Unit
This byte shall be set to 63h to indicate that the first 99 bytes of the D] Unit arp 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.
Byte 7 Reserved
See 15.8.3.2.
Bytes B to 10: BD Layer-Type identifier
These three bytes identify the type of the:-BD Layer to which this DI Unit appligs and shall
be set to 42 44 57h, representing the €haracters “BDW”, in each Rewritable Lpyer.
Byte 1{i: Disk size/Class/Version
Bits by [to be: These two bits specify the disk size. They shall be set to 00, to indicate a 120{mm disk.
Bits bs|to by: These two bits specify.the Class number. The Class number identifies BD Layers of the
same Layer Type but with different basic specifications. BD Layers according|to this
International Standard shall have these bits set to 00. Drives that are not familiar with a
particular Class.of layers should not access the Data Zone of such layers (neither for
reading nor.for writing)
Bits bs[to by: These 4 bits specify the Version number. They shall be set to 0010, to indicate a Layer
aecording to this International Standard.
Byte 1PR: BD structure
Bits b todbs;~ These 4 bits specify the total number of BD Recording/Recorded Layers on the|disk.
On SL disks they shall be set to 0001 to indicate one Recording Layer.
On DL disks they shall be set to 0010 to indicate two Recording Layers.
Bits bsto bg:  These 4 bits specify the type of BD Recording/Recorded Layer to which this DI Unit applies:
Bits bz to by shall be set to 0100, to indicate a rewritable Recording Layer.
Byte 13: Channel-bit length.
Bits by to by: These 4 bits shall be set to 0000.
Bits b to by: These 4 bits specify the main data Channel-bit length, which shall be the same on all BD

© ISO/IEC 2016 —
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They shall be set to
0001: to indicate a Channel-bit length of 74,5 nm (25,0 GB per Layer),

other settings: Reserved.

Bytes 14 to 15: Reserved

Byte 16:

Bits by to by:

BCA descriptor

These 4 bits shall be Reserved

Bits bs to bg:

Byte 17:

Bytes 18 to 23:
Bytes 24 to 31:

Bytes 24 to 27

Bytes 28 to 31

These 4 bits shall Indicate the presence of a BCA code on this disk:
0000: indicates that there is no BCA code,

0001: indicates that the BCA code present,

other settings: Reserved.

Maximum transfer rate

This byte shall specify the maximum read transfer rate needed by the Application as &
number n such that

n = maximum read transfer rate in Mbit/s (n,£255; M = 106).
n shall be set to 00h, to indicate no maximunivtransfer rate is specified.
Reserved

Data-Zone allocation

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 to indicgte
PAA 131 072 as the-first PAA of Data Zone 0.

In each DI Unif 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, to indicate FAA as
the first PAA of Data Zone 1.

Thesebytes specify the last Physical ADIP Address of the Data Zone of the related Layer.

In each DI Unit relating to Layer LO, these bytes shall be set to a value LAA, which shall be

Bytes 32 to 35:

Bytes 32 to 33:

88

00 19 4E /7Eh for a disk with a User-Data capacity of 25,0 GB per Layer, to indicate 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 to indicate
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
n =100 X Vhom
n shall be equal to 01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s,
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This byte shall specify 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 Viax / Vhom (n > 100)

Here, n shall be equal to 64h to indicate a Maximum Recording Velocity equal to the
Nominal Recording Velocity.

This byte shall specify 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 number n such that
n =100 % V nin/ Vaom (n<100)

Here n shall be equal to 64h to indicate a Minimum Recording)Velocity equal to the Nominal
Recording Velocity.

If thesg bytes specify a velocitiy range (value of byte 34 > value of byte"35), then recording shall| be possible
at any pelocitiy within this range. The actual values of the write strategy parameters for the velogitiy
concerped, can be derived from the specified values for the Minimtm, Nominal and Maximum Recording

Velocitles by interpolation.

Bytes B6 to 39:

Byte 36

Byte 3

Byte 38

Maximum dc read power

The maximum read power is defined*as the maximum optical power on the Entrance
surface of the disk, at which at.léast 10° successive reads can be applied witHout degrading
the recorded signals (see 30:8).

This byte shall specify the' maximum dc read power P, at the Reference Velodity, in
milliwatts, as a numbeér n such that

n =100 x(P;

This bytesshall specify the maximum dc read power P, at the Nominal Record|ng Velocity as
defined.in bytes 32 and 33 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

This byte shall specify the maximum dc read power P, at the Maximum Recording Velocity
as defined by byte 34 of this DI Unit, in milliwatts, as a number n such that

Byte 39

n=100 x P,

This byte shall specify the maximum dc read power P, at the Minimum Recording Velocity
as defined by byte 35 of this DI Unit, in milliwatts, as a number n such that

n=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 applied without degrading
the recorded signals (see 30.8).
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Byte 40

Byte 41

Byte 42

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,

This byte shall specify the maximum HF-modulated read power P, at the Nominal Recording
Velocity as defined in bytes 32 and 33 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

This byte shall specify the maximum HF-modulated read power P, at the Maximum
Recording Velocity as defined by byte 34 of this DI Unit, in milliwatts, as a number n such

Byte 43

NOTE For
might be nece

Bytes 44 to 41

Bytes 48 to 71:

Byte f:

Byte (f+ 1):

: Reserved

that
n =100 x P,

This byte shall specify the maximum HF-modulated read power P, at the"Minimum
Recording Velocity as defined by byte 35 of this DI Unit, in milliwatts,fas-a number n guch
that

n=100 x P,

reading at lower velocities than the lowest specified velocity, a reduction of the read| power
ssary to guarantee stability of the recordings on the disk

Write-power settings

For each of the byte fields fto (f + 7), with f= 48, 56 and 64, the following values are
defined at three different Recording velocities:

Pip: Pinp can be used as astarting value for the determination of Pget in the OPC
procedure (see Annex G),

This byte shall specify-the indicative value Pip Of Parget, in milliwatts, as a number n $uch
that

n=20><P|ND

mynp: -MiNp can be used as a starting value for the determination of Piaget in the OPC
procedure (see Annex G).

This byte shall specify the modulation at Pyp as determined by the media manufacturler asa

Byte (f+ 2):

Byte (f + 3):

Byte (f + 4):

90

Tomber rrsuct that
n =200 x mnp

p: This byte shall specify the write-power multiplication factor p, used in the OPC algorithm
(see Annex G), as a number n such that

n=100xp

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

n =200 % ggw

&c: This byte shall specify the cooling/write-peak power ratio ¢¢, used in the OPC algorithm
(see Annex G), as a number n such that
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n =200 x g = Byte (f+ 3)

&c shall be equal to egw.

ge1: This byte shall specify the erase/write-peak power ratio-1, €gq, used in the OPC

algorithm (see Annex G) as a number n such that

n =200 x &g,

&e2: This byte shall specify the erase/write-peak power ratio-2, €g,, used in the OPC

algorithm (see Annex G) as a number n such that

Byte (f|+ 7):

Bytes #8 to 55:
Byte 48:
Byte 49:
Byte 50:
Byte 51:
Byte 52:
Byte 53:
Byte 54:

Byte 55:

n =200 x &g,
&2 shall be equal to &g4.

k: This byte shall specify the target value for k, used in the OPCyprocedure (s
as a number n such that

n=20xk
Write-power settings at Nominal Recording.Velocity
Pinp at Nominal Recording Velocity
myyp at Nominal Recording Velocity
p at Nominal Recording Velocity
ggw at Nominal Recording\Velocity
&c at Nominal Recording Velocity
&1 at Nominal'Recording Velocity
&, at Nominal Recording Velocity

k at Nominal Recording Velocity

Bytes b6 to 63: Write-power settings at Maximum Recording Velocity

Byte 56: Pinp at Maximum Recording Velocity
Byte 57: myyp at Maximum Recording Velocity
Byte 58: patMeximum-Recording-Yetoeity
Byte 59: ggw at Maximum Recording Velocity
Byte 60: &c at Maximum Recording Velocity
Byte 61: &e1 at Maximum Recording Velocity
Byte 62: &2 at Maximum Recording Velocity
Byte 63: k at Maximum Recording Velocity

Bytes 64 to 71: Write-power settings at Minimum Recording Velocity

Byte 64:

Pixp at Minimum Recording Velocity

© ISO/IEC 2016 — All rights reserved
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Byte 65: myyp at Minimum Recording Velocity
Byte 66: p at Minimum Recording Velocity
Byte 67: ggw at Minimum Recording Velocity
Byte 68: &c at Minimum Recording Velocity
Byte 69: &e1 at Minimum Recording Velocity
Byte 70: &2 at Minimum Recording Velocity
Byte 71: Kk at Minimum Recording Velocity
Byte 72: Twp write multi-pulse duration

This byte shall specify the duration of the second and higher pulses of the.multi-pulsq train
for recording Marks (see F.2).

The multi-pulse duration Typ consists of two contributions: a variable part and a fixed [part
(Tmp = Twpvar + Twpfix)-

The first 4 bits (bit b; to bs) of this byte shall specify the yariable part as a fraction of the
actual Channel-bit clock period as an unsigned binary number p such that

The last 4 bits (bit bz to by) of this byte shall specify the fixed part expressed in
nanoseconds as an unsigned binary:humber g such that

q = Twpfix
Bytes 73 to 7%: Tiop first—write-pulse-duration
Byte 73: This byte shall specify*the duration of the first pulse of the multi-pulse train for recording

Marks with run-lengths > 4T (see F.2).

The first-pulse/duration Tip 41 cONsists of two contributions: a variable part and a fixed part
(Ttop,4T > 7-top,var + 7-top,fix)-

Thefirst 4 bits (bit b; 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 that

T
i = 16 X top, var
/ T,

w

The last 4 bits (bit bz to bg) of this byte shall specify the fixed part expressed in
nanoseconds as an unsigned binary number k such that

k= Ttop,fix

Byte 74: This byte shall specify the duration of the first pulse of the multi-pulse train for recording
Marks with a run-length of 3T (see F.2).

The first-pulse duration Typ 37 cOnsists of two contributions: a variable part and a fixed part

(Ttop,3T = Ttop,var + Ttop,fix)-
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The first 4 bits (bit b; to by) of this byte shall specify the variable part, as a fraction of the
actual Channel-bit clock period, as an unsigned binary number j such that

j= 16 x 7-top,var
T,

w

The last 4 bits (bit bz to by) of this byte shall specify the fixed part, expressed in
nanoseconds, as an unsigned binary number k such that

k= Ttop,fix

Byte 7%: ThiS Dyte shall Specify the duration of the first pulse of the multi-pulse train fof recording
Marks with a run-length of 2T (see F.2).

The first-pulse duration Ty 21 CONSists of two contributions: a variabte part anfl a fixed part
(Ttop,ZT = Ttop,var + Ttop,fix)-

The first 4 bits (bit b; to b,) of this byte shall specify the variable part, as a fragtion of the
actual Channel-bit clock period, as an unsigned binary ndmber j such that

T
[ = 16 X top, var
/ T,

w

The last 4 bits (bit bz to bg) of this byte shdll'specify the fixed part, expressed |n
nanoseconds, as an unsigned binary number k such that

k= Ttop,fix
Bytes /6 to 84: dTop first-write-pulse start time

For each of the byte fields fto (f + 2), with f= 76, 79 and 82, the following valyes are
defined at the following-three different Recording Velocities.

Byte f. The first five bits\(bit b; to b;) of this byte shall specify the start time of the firs{ pulse of the
multi-pulse train for recording Marks with run-lengths > 4T, relative to the trailing edge of
the first. Channel-bit of the data pulse (positive values are leading, negative v3dlues are

lagging;-see F.2).

Phe first-pulse start time dTip 41 is expressed as a fraction of the actual Chanpel-bit clock
period as a signed two’s-complement binary number i such that

j:’]6x&
T

W

The last three bits (bit b, to bg) of this byte shall be Reserved.

Byte (f+ 1): The first five bits (bit by to b;) of this byte shall specify the start time of the first pulse of the
multi-pulse train for recording Marks with a run-length of 3T, relative to the trailing edge of
the first Channel bit of the data pulse (positive values are leading, negative values are
lagging; see F.2).

The first-pulse start time dTip 31 is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s-complement binary number i such that

i=16x Lo

w
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Byte (f+ 2):

The last three bits (bit b, to bg) of this byte shall be Reserved.

The first fivr bits (bit b; to bs) of this byte shall specify the start time of the first pulse of the
multi-pulse train for recording Marks with a run-length of 2T, relative to the trailing edge of
the first Channel bit of the data pulse (positive values are leading, negative values are
lagging; F.2).

The first-pulse start time dTip 21 is expressed as a fraction of the actual Channel-bit clock
period as a signed two’s-complement binary number i such that

Bytes 76 to 7§:

Byte 76:
Byte 77:

Byte 78:

Bytes 79 to 81:

Byte 79:
Byte 80:

Byte 81:

Bytes 82 to 84:

Byte 82:
Byte 83:

Byte 84:

Bytes 85 to 87:

Byte 88:

94

Te erase’multi-pulse duration

— Of SPaces (See .2/

The last three bits (bit b, to bg) of this byte shall be Reserved.

dT,, first-write-pulse start time at Nominal Recording Velocity.

dTwp at Nominal Recording Velocity for recording Marks with-run-lengths >4T.
dTip at Nominal Recording Velocity for recording Marks'with a run-length of 3T].
dTip at Nominal Recording Velocity for recording.Marks with a run-length of 2T].
dT, first-write-pulse start time at Maximum Recording Velocity

dTip at Maximum Recording Velocity for recording Marks with run-lengths 24T
dTwp at Maximum Recording Velogity for recording Marks with a run-length of 3T.
dTip at Maximum Recording Melocity for recording Marks with a run-length of 2T.
dT, first-write-pulse start time at Minimum Recording Velocity

dTip at Minimum.Regording Velocity for recording Marks with run-lengths >4T.

l

dTip at Minimum Recording Velocity for recording Marks with a run-length of 3

=

dTip at. Minimum Recording Velocity for recording Marks with a run-length of 2

Reserved

This byte shall specify the basic duration of the pulses of the multi-pulse train for recdrding

The multi-pulse duration Tg consists of two contributions: a variable part and a fixed part
(Te = Tevar + TEfix)-

The first 4 bits (bit b; to by) of this byte shall specify the variable part, as a fraction of the
actual Channel-bit clock period, as an unsigned binary number v such that

T
V:16x E,var
w

The last 4 bits (bit bs to by) of this byte shall specify the fixed part, expressed in
nanoseconds, as an unsigned binary number w such that

W = T fix
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Bytes 89 to 97: dT first-erase-pulse start time

For each of the byte fields fto (f + 2), with f =89, 92 and 95, the following values are
defined at three different Recording velocities:

Byte £ The first five bits (bit by to bs) of this byte shall specify the start time of the first erase pulse
following the recording of Marks with run-lengths >4T, relative to the trailing edge of the last
Channel bit of the data pulse (positive values are leading, negative values are lagging; see
F.2).

The first-erase-pulse start time dTg 41 is expressed, as a fraction of the actual Channel-bit

1 Il H l H ol b 2 1 Pl lo i o
CIUUR PTTITUU, do a SIYITTcU (WU S=UUITIPITITITTIU UITTal’y TTUlTioTlh U oSuulT tiat

dT,

E

u=16 x

w

The last three bits (bit b, to by) of this byte shall be Reserved;

Byte (f|+ 1): The first five bits (bit b; to bj) of this byte shall specify the start time of the firs{ erase pulse
following the recording of Marks with a run-length of 3T relative to the trailingledge of the

first Channel bit of the data pulse (positive values are lTeading, negative value$ are lagging;
see F.2).

The first-erase-pulse start time dTg st is expressed, as a fraction of the actual|Channel-bit
clock period, as a signed two’s-complement binary number u such that

u=16><ﬂ
T

w

The last three bits (bit b, to'hy) of this byte shall be Reserved.

Byte (f|+ 2): The first five bits (bit by to bs) of this byte shall specify the start time of the firs{ erase pulse
following the recerding of Marks with a run-length of 2T, relative to the trailing|edge of the

first Channel bit'of the data pulse (positive values are leading, negative value$ are lagging;
see F.2).

The first-erase-pulse start time dTgt is expressed, as a fraction of the actual [Channel-bit
clock period, as a signed two’s-complement binary number u such that

u=16><ﬂ
T

w

The last three bits (bit b, to by) of this byte shall be Reserved.

Bytes 89 to 91: dTg first-erase-pulse start time at Nominal Recording Velocity

Byte 89: dTe at Nominal Recording Velocity when the preceding Mark has a run-length >4T.
Byte 90: dTe at Nominal Recording Velocity when the preceding Mark has a run-length of 3T.
Byte 91: dTe at Nominal Recording Velocity when the preceding Mark has a run-length of 2T.
Bytes 92 to 94: dTg first-erase-pulse start time at Maximum Recording Velocity

Byte 92: dTe at Maximum Recording Velocity when the preceding Mark has a run-length >4T.
Byte 93: dTg at Maximum Recording Velocity when the preceding Mark has a run-length of 3T.

95
© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

Byte 94: dTg at Maximum Recording Velocity when the preceding Mark has a run-length of 2T.
Bytes 95 to 97: dTg first-erase-pulse start time at Minimum Recording Velocity
Byte 95: dTg at Minimum Recording Velocity when the preceding Mark has a run-length of 4T.
Byte 96: dTe at Minimum Recording Velocity when the preceding Mark has a run-length of 3T.
Byte 97: dTe at Minimum Recording Velocity when the preceding Mark has a run-length of 2T.
Byte 98: Erase-flag bits (see F.2)
Bits by to bsg: Reserved.
Bit bs: if set to ZERO, Pgr shall be equal to Pg4 at the Minimum Recording Velocity.

if set to ONE, Pgf shall be equal to Pg; at the Minimum Recording Velocity.
Bit by: if set to ZERO, Pg, shall be equal to Pg4 at the Minimum Recording Velocity.

if set to ONE, Pg, shall be equal to Pg; at the Minimum Retording Velocity.
Bit ba: if set to ZERO, Pgr shall be equal to Pg4 at the Maximum Recording Velocity.

if set to ONE, Pgr shall be equal to Pg; at thedlaximum Recording Velocity.
Bit ba: if set to ZERO, Pg, shall be equal to Pg4 at'the Maximum Recording Velocity.

if set to ONE, Pg, shall be equal to Pg» at the Maximum Recording Velocity.
Bit by: if set to ZERO, Pge shall be equalto Pg4 at the Nominal Recording Velocity.

if set to ONE, Pgr shall be-equal to Pg; at the Nominal Recording Velocity.
Bit by: if set to ZERO, Pg, shall be equal to Pg4 at the Nominal Recording Velocity.

if set to ONE, Pg/shall be equal to Pg, at the Nominal Recording Velocity.
Byte 99: Reserved
Bytes 100 to 111: DI Unit footer

See 15.8)3.2.

15.8.3.4 Definitions for DI format 2 (N-1 write strategy B)

The content of

96

the body of DI Units according to DI Format 2 shall be as depicted in Figure 77.
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Byte number Content Number of bytes
Oto7 DI-Unit header 8
81010 BD Layer-Type identifier 3
11 Disk size / Class / Version 1
12 BD structure 1
13 Channel-bit length 1
14 to 15 Reserved 2
16 BCA descriptor 1
17 Maximum transfer rate of application 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
40t0 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 dTop first-write-pulse start time 12
69 to 92 Ttop first-write-pulse duration 12 xp
93to 94 Tvp last-pulse duration 2
95 to 97 dTe erase level start time 3
98 to 99 unused = all 00h 2
100 to 111 DI Unit footer 12

Figure 77 — Content of Disk Information for DI format 2

Bytes P to 31: Same as specifications in 15.8.3.3, except for the following bytes:

Byte 2 DI-Format Number
This byte)shall be set to 02h for disks with BCA code.
This'byte shall be set to 82h for disks without BCA code.

Byte 6 Continuation flag / Number of DI bytes in use in this DI Unit
This byte shall be set to 62h to indicate that the first 98 bytes of the DI Unit arg used and
that-theretsmocontinuatiominthemextBYnit—Atftremainingbytesof the Bt=Unit body
(excluding the bytes in the DI-Unit footer) are unused and shall be set to 00h.

Bytes 32 to 35: 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 specify the Nominal Recording Velocity as a number n such that
n =100 % Vyom

n shall be equal to

01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s.
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Byte 34

or:

03 D7h to indicate a Nominal Recording Velocity 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 Viax/ Vom (N = 100)

Here, n shall be equal to 64h to indicate a Maximum Recording Velocity equal to the

Byte 35:

Bytes 36 to 39:

Byte 36

Byte 37

Byte 38

Byte 39

Nominal Recording Velocity.

This byte specifies the Minimum Recording Velocity to be used with the parameters 3
defined in this DI Unit.

It shall specify the Minimum Recording Velocity as a number n such that
n =100 % Viin/Viom (n < 100)

Here, n shall be equal to 64h to indicate a Minimum Recording Velocity equal to the
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° suécessive reads can be applied without deg
the recorded signals (see 30.8).

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,

This byte shall specify the maximum dc read power P,, at the Nominal Recording Vel
as defined in bytes 32 and 33 of this DI Unit, in milliwatts, as a number n such that

n=100%_P,

This bytesshall specify the maximum dc read power P,, at the Maximum Recording Vg
as defined by byte 34 of this DI Unit, in milliwatts, as a number n such that

n=100 x P,

[

rading

DCity

locity

This hy’rp shall annr*ify the maximum dc read power P._at the Minimum Rprnrding \/e

ocity

as defined by byte 35 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.
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Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power, on the Entrance
surface of the disk, at which at least 10° successive reads can applied without degrading
the recorded signals (see 30.8).

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,

This byte shall specify the maximum HF-modulated read power P,_at the Nominal

Byte 42

Byte 43

Recording Velocity as defined in bytes 32 and 33 of this DI Unit, in milliwatts; ps a number n
such that

n=100 x A,

This byte shall specify the maximum HF-modulated read power P, at the MaxXimum
Recording Velocity as defined by byte 34 of this DI Unit, inimilliwatts, as a number n such
that

n=100 x P,

This byte shall specify the maximum HF-modulated read power P,, at the Minjmum
Recording Velocity as defined by byte 35.6f 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 4 to 47:

Bytes 18 to 55:

Reserved

Write-power settings

Byte 48: Pip: Pive.tan be used as a starting value for the determination of Piarget in the OPC
procedure (see Annex G).
This*byte shall specify the indicative value Pinp Of Pyarget, in milliwatts, as a nummber n such
that
n =20 x Pyp
Byte 49: TIMiNG: TTTiND CalT be Used as g startinyg vatue for thedetermmation of Pgrger 11 the OPC
procedure (see Annex G).
This byte shall specify the modulation at Pyp as determined by the media manufacturer, as
a number n such that
n =200 x mp
Byte 50: p: This byte shall specify the write-power multiplication factor p, used in the OPC algorithm
(see Annex G), as a number n such that
n=100xp
Byte 51: ggw: This byte shall specify the write bias/write-peak power ratio egw, used in the OPC

algorithm (see Annex G), as a number n such that
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n =200 x ggw

Byte 52: &c: This byte shall specify the cooling/write-peak power ratio &¢, used in the OPC algorithm
(see Annex G), as a number n such that
n =200 x &
Byte 53: &e: This byte shall specify the erase/write-peak power ratio &g, used in the OPC algorithm
(see Annex G), as a number n such that
n =200 x &
Byte 54: k: This byte shall specify the target value for k, used in the OPC procedure (see Annex G),
as a number n such that
n=20xk
Byte 55: Reserved
Byte 56: Twp write multi-pulse duration

This byte shall specify the duration of the second and higher pulses of the multi-pulsq train
for recording Marks (see F.3).

The multi-pulse duration Typ consists of two contributions: a variable part and a fixed [part
(Tmp = Twmpvar + T fix)-

The first 4 bits (bit b; to by) of this byte shallsspecify the variable part, as a fraction of {he
actual Channel-bit clock period, as an unsigned binary number p such that

The last 4 bits (bit bz to_hg) of this byte shall specify the fixed part, as a fraction of the|time
period Tx, where Tx =(15;15 ns at 1x Recording Velocity or Tx = 7,58 ns at 2x Recording
Velocity. The value is.expressed as an unsigned binary number g such that

T
=16>< MP, fix
d T,

X
Bytes 57 to 68: dT,, first-write-pulse start time

The first five bits (bit by to b;) of these bytes specify the start time of the first pulse of the
- = ; = a 2T,
3T, 4T or >5T Space (see F.3).

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 j such that

i=16x Lo
-

w

The last three bits (bit b, to by) of these bytes shall be Reserved.

Bytes 57 to 60: These bytes specify the start time of the first pulse of the multi-pulse train for recording
Marks of run-lengths >4T that succeed a Space with run-lengths of 2T, 3T, 4T or >5T,
relative to the trailing edge of the first Channel bit of the data pulse (positive values are
leading, negative values are lagging; see F.3).

100
© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

Byte 57: This byte shall specify the start time of the first pulse for recording Marks with run-lengths
>4T that succeed a Space with a run-length >5T.

Byte 58: This byte shall specify the start time of the first pulse for recording Marks with run-lengths
>4T that succeed a Space with a run-length of 4T.

Byte 59: This byte shall specify the start time of the first pulse for recording Marks with run-lengths
>4T that succeed a Space with a run-length of 3T.

Byte 60: This byte shall specify the start time of the first pulse for recording Marks with run-lengths
>4T that succeed a Space with a run-length of 2T.

Bytes 61 to 64: These bytes specify the start time of the first pulse of the multi-pulse train)fepfecording
Marks of a run-length 3T that succeed a Space with a run-length 2T, 37,4T of >5T, relative
to the trailing edge of the first Channel bit of the data pulse (positive'values are leading,
negative values are lagging; see F.3).

Byte 61: This byte shall specify the start time of the first pulse for recording Marks with|a run-length
of 3T that succeed a Space with a run-length >5T.

Byte 62: This byte shall specify 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: This byte shall specify the start time of thefitst pulse for recording Marks with|a run-length
of 3T that succeed a Space with a run-léength of 3T.

Byte 64

ad

This byte shall specify the start time“of the first pulse for recording Marks with|a run-length
of 3T that succeed a Space with-arun-length of 2T.

Bytes 65 to 68: These bytes specify the starttime of the first pulse of the multi-pulse train for fecording
Marks of a run-length of 2T that succeed a Space with a run-length of 2T, 3T,|4T or >5T,
relative to the trailing“edge of the first Channel bit of the data pulse (positive vplues are
leading, negative values are lagging; see F.3).

Byte 65: This byte shall specify the start time of the first pulse for recording Marks with|a run-length
of 2T thatsucceed a Space with a run-length of >5T.

Byte 66: This byte shall specify 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: This byte shall specify 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 3T.

Byte 68: This byte shall specify 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.

Bytes 69 to 92: Tiop first—write-pulse duration

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks
with run-lengths of 2T, 3T, and >4T that succeed a Space with a run-length of 2T, 3T, 4T or
>5T (see F.3).

The first-pulse duration T, consists of two contributions: a variable part and a fixed part
(Ttop= Ttop,var + Ttop,fix)-

For each of the byte fields fto (f+ 1), with f=69, 71, .. 91 the following values are defined:
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Byte f:

Byte (f+ 1):

2016(E)

The first five bits (bit b; to b;) of this byte shall specify the variable part, as a fraction of the
actual Channel-bit clock period, as an unsigned binary number j such that

T
i — 16 x top, var
/ T,

w

The last three bits (bit b, to bg) of this byte shall be Reserved.

The first five bits (bit by to b;) of this byte shall specify the fixed part as a fraction of the time
period Tx where Tx = 15,15 ns at 1x Recording Velocity or Tx = 7,58 ns at 2x Recording
Velocity. The value is expressed as an unsigned binary number k such that

Bytes 69 to 76

Bytes 69 and 10:

Bytes 71 and 12:

Bytes 73 and 14:

Bytes 75 and 16:

Bytes 77 to 84

Bytes 77 and 18:

Bytes 79 and §0:

k = 16 x 7-tcup,fix
T,

X

The last three bits (bit b, to bg) of this byte shal be Reserved.

These bytes specify the duration of the first pulse of the multi-pulsé train for recordind Marks
with run-lengths >4T that succeed a Space with a run-length of 2T/ 3T, 4T or >5T (se¢ F.3).

These bytes specify the duration of the first pulse for recotding Marks with run-lengthg >4T
that succeed a Space with a run-lengths >5T.

These bytes specify the duration of the first pulse for recording Marks with run-length$ >4T
that succeed a Space with a run-length of 4T.

These bytes specify the duration of the first pulse for recording Marks with run-length$ >4T
that succeed a Space with a run-length.of 3T.

These bytes specify the duration 0fthe first pulse for recording Marks with run-lengthg >4T
that succeed a Space with a,ran-length of 2T.

These bytes specify the duration of the first pulse of the multi-pulse train for recordind Marks
with a run-length of 3T-that succeed a Space with a run-length of 2T, 3T, 4T or >5T (4ee
F.3).

These bytes specify the duration of first pulse for recording Marks with a run-length of|3T
that succeed a Space with a run-length >5T.

These-bytes specify the duration of the first pulse for recording Marks with a run-length of
3T that succeed a Space with a run-length of 4T.

Bytes 81 and 82:

Bytes 83 and 84:

Bytes 85 to 92:

Bytes 85 and 86:

Bytes 87 and 88:
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These bytesspetify theduratiomrof the first putseforrecording Marks withmarorm=tergth of
3T that succeed a Space with a run-length of 3T.

These bytes specify the duration of the first pulse for recording Marks with a run-length of
3T that succeed a Space with a run-length of 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-length of 2T, 3T, 4T or >5T (see
F.3).

These bytes specify the duration of the first pulse for recording Marks a with run-length of
2T that succeed a Space with a run-length >5T.

These bytes specify the duration of the first pulse for recording Marks with a run-length of
2T that succeed a Space with a run-length of 4T.
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Bytes 89 and 90: These bytes specify the duration of the first pulse for recording Marks with a run-length of
2T that succeed a Space with a run-length of 3T.

Bytes 91 and 92: These bytes specify the duration of the first pulse for recording Marks with a run-length of
2T that succeed a Space with a run-length of 2T.

Bytes 93 to 94: T.p last-pulse duration.

These bytes specify the duration of the last pulse of the multi-pulse train for recording Marks
with run-lengths of 3T and >4T (see F.3). The last-pulse duration T, p consists of two
contributions: a variable part and a fixed part (Tup = Tipyar + Tipfix)-

The first 4 bits (bit b; to bs) of each byte shall specify the variable part, as a fr;laction of the
actual Channel-bit clock period, as an unsigned binary number s such that

s= 16 x TLP,var
T,

w

The last 4 bits (bit bz to by) of each byte shall specify thedfixed part as a fractign of the time
period Tx where Tx = 15,15 ns at 1x Recording Velocity\or Tx = 7,58 ns at 2x Recording
Velocity. The value is expressed as an unsigned binary number ¢ such that

T

t - 16 X LP, fix
Tx
Byte 93: This byte shall specify the duration of the last pulse of the multi-pulse train for|recording

Marks of run-lengths >4T (see F.3);

Byte 94

ol

This byte shall specify the duration of the last pulse of the multipulse train for fecording
Marks of a run-length of 3T (see F.3).

Bytes P5 to 97: dTe erase level'start time

The first six bits (bit b; to b,) of these bytes specify the start time of the erase Jevel,
succeeding. the recording of Marks with run-lengths of 2T, 3T and >4T (positie values are
leading; negative values are lagging; see F.3).

Thestart time of the Erase level dTg is expressed as a fraction of the actual Jhannel-bit
cloeck period as a signed two’s-complement binary number u such that

u=16><ﬂ

w

The last two bits (bit by to by) of these bytes shall be Reserved.

Byte 95: This byte shall specify the start time of the Erase level succeeding the recording of Marks
with run-lengths >4T.

Byte 96: This byte shall specify the start time of the Erase level succeeding the recording of Marks
with a run-length of 3T.

Byte 97: This byte shall specify the start time of the Erase level succeeding the recording of Marks
with a run-length of 2T.

Bytes 98 to 99: Reserved.

Bytes 100 to 111: DI Unit footer
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See 15.8.3.2.
15.8.3.5 Definitions for DI format 3 (N/2 write strategy)

The content of the body of DI Units according to DI Format 3 shall be as depicted in Figure 78.

Byte number Content Number of bytes

Oto7 DI-Unit header 8
81010 BD Layer-Type identifier 3

11 Disk size / Class / Version 1

12 BD structure 1

13 Channel-bit length 1

14 to 15 Reserved 2
16 BCA descriptor 1

17 Maximum transfer rate of application 1

18 to 23 Reserved 6
24 to 31 Data-Zone allocation 8
33 to 35 Recording Velocities 4
34 to 39 Maximum dc read powers 4
40to0 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings 8
56 to 57 Twp write multi-pulse duration 2
58 to 61 dTrop first-write-pulse start time 4

62 to 69 Ttop first-write-pulse duration 4x2
7Qto 73 Tvp last-write-pulse duration 2x2
74t0 77 dTe Erase level start time 4
78 t0 99 unused = all 00h 22
10Q to 111 DI Unit footer 12
Figure 78 — Content of Disk Information for DI format 3
Bytes 0 to 31:] Same as specifications in 15.8.3.3, except for the following bytes:
Byte 2: DI-Format‘Number
This\byte shall be set to 03h for the disks with BCA code.
This byte shall be set to 83h for the disks without BCA code.

Byte 6: Continuation flag / Number of DI bytes in use in this DI Unit

This byte shall be set to 4Eh to indicate that the first 78 bytes of the 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.

Bytes 32 to 35: Recording velocities

Bytes 32 to 33: These bytes specify the Nominal Recording Velocity, to be used with the parameters as
defined in this DI Unit, as a 2-byte binary number (byte 32 is MSB).

It shall specify the Nominal Recording Velocity as a number n such that

n =100 % Vom
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Here, 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 shall specify 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 Vipax/Viom (n = 100)
Here, n shall be equal to 64h to indicate a Maximum Recording Velotity equa| to the
Nominal Recording Velocity.
Byte 3%: This byte shall specify the Minimum Recording Velocity to be used with the pgrameters as
defined in this DI Unit.
It shall specify the Minimum Recording Velocity as@-ndmber n such that
n =100 X Viin/Viom (n < 100)
Here, n shall be equal to 64h to indicatea Minimum Recording Velocity equal|to the
Nominal Recording Velocity.
Bytes B6 to 39: Maximum dc read powers
The maximum read power is-defined as the maximum optical power, on the Bntrance
surface of the disk, at which at least 10° successive reads can be applied witHout degrading
recorded signals (see 30.8).
Byte 36 This byte shall specify the maximum dc read power P,, at the Reference Velogity, in
milliwatts, as a-Aaumber n such that
=100 x P,
Byte 37 This.byte shall specify the maximum dc read power P, at the Nominal Recording Velocity,
as defined in bytes 32 and 33 of this DI Unit, in milliwatts, as a number n such that
n=100 x P,
cording Velocity,
n=100 x P,
Byte 39 This byte shall specify the maximum dc read power P,, at the Minimum Recording Velocity,

as defined by byte 35 of this DI Unit, in milliwatts, as a number n such that

n=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 the stability of the recordings on the disk.

Bytes 40 to 43: Maximum HF-modulated read powers
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Byte 40

Byte 41

The maximum read power is defined as the maximum optical power, on the Entrance
surface of the disk, at which at least 10° successive reads can applied without degrading
the recorded signals (see 30.8).

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,

This byte shall specify the maximum HF-modulated read power P,, at the Nominal
Recording Velocity as defined in bytes 32 and 33 of this DI Unit, in milliwatts, as a number n

Byte 42

Byte 43

NOTE For
might be nece

Bytes 44 to 47:

Bytes 48 to 5%:

Byte 48:

Byte 49:

Haeb-that
SuoIT aTat
n=100 x P,

This byte shall specify the maximum HF-modulated read power P,, at the Maximum
Recording Velocity as defined by byte 34 of this DI Unit, in milliwatts, as.asnumber n guch
that

n=100 x P,

This byte shall specify the maximum HF-modulated read power P,, at the Minimum
Recording Velocity as defined by byte 35 of this DI Unit;\in milliwatts, as a number n guch
that

n=100 x P,

reading at lower velocities than the lowest specified velocity, a reduction of the read| power
bsary to guarantee the stability of the recordings on the disk.

Reserved
Write-power settings

Pio: Pinp can be used asa starting value for the determination of Pget in the OPC
procedure (see Annex G).

This byte shall(specify the indicative value Piyp Of Parget, in milliwatts, as a number n $uch
that

n=20><P|ND

mp: Minp can be used as a starting value for the determination of Piaget in the OPC
procedure (see Annex G).

Byte 50

Byte 51:

106

This byte shall specify the modulation at P\yp, as determined by the media manufacturer, as
a number n such that

n =200 x mnp

p: This byte shall specify the write-power multiplication factor p, used in the OPC algorithm
(see Annex G), as a number n such that

n=100xp

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

n =200 x ggw
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Byte 52: &c: This byte shall specify the cooling/write-peak power ratio &¢, used in the OPC algorithm
(see Annex G), as a number n such that
n =200 x &
Byte 53: &e: This byte shall specify the erase/write-peak power ratio g, used in the OPC algorithm
(see Annex G), as a number n such that
n =200 x g
Byte 54: k: This byte shall specify the target value for k, used in the OPC procedure (see Annex G),
as a number n such that
n=20xk
Byte 5%: Reserved
Bytes p6 to 57: Twp write multi-pulse duration
These bytes shall specify the duration of the second and higher pulses of the multi-pulse
train for recording Marks (see F.4).
The multi-pulse duration Typ consists of two contributions: a variable part and|a fixed part
(Twp = Tupyar * Twpfix)-
Byte 56: The first five bits (bit b; to b;) of this byte_shall specify the variable part, as a fraction of the
actual Channel-bit clock period, as an:unsigned binary number p such that
p = 16 X TMP,var
Ty
The last three bits (bit b, to by) of this byte shall be Reserved.
Byte 57: The first five bits (bit b; to b;) of this byte shall specify the fixed part as a fraction of the time
period Tx where)Tx = 15,15 ns at 1x Recording Velocity or Tx = 7,58 ns at 2x Recording
Velocity. The value is expressed as an unsigned binary number g such that
q = 16 X TMP, fix
Ty
The last three bits (bit b, to by) of this byte shall be Reserved.

Bytes I’S8 to 61: dTy,,, first-write-pulse start time

The first five bits (bit b; to b;) of these bytes specify the start time of the first pulse of the
multi-pulse train 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 F.4).

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

i=16x Lo
.

w

The last three bits (bit b, to by) of these bytes shall be Reserved.
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Byte 58:

Byte 59:

Byte 60:

This byte shall specify the start time of the first pulse of the multi-pulse train for recording
Marks with run-lengths of [5T,7T,9T], relative to the trailing edge of the first Channel bit of

the data pulse (positive values are leading, negative values are lagging; see F.4).

This byte shall specify the start time of the first pulse of the multi-pulse train for recording
Marks with run-lengths of [4T,6T,8T], relative to the trailing edge of the first Channel bit of

the data pulse (positive values are leading, negative values are lagging; see F.4).

This byte shall specify the start time of the first pulse of the multi-pulse train for recording
Marks with a run-length of 3T,relative to the trailing edge of the first Channel bit of the data

pulse (positive values are leading, negative values are lagging; see F.4).

Byte 61:

Bytes 62 to 69:

Byte f:

Byte (f+ 1):

This byte shall specify the start time of the first pulse of the multi-pulse train for recerg
Marks with a run-length of 2T, relative to the trailing edge of the first Channel bit.of th
pulse (positive values are leading, negative values are lagging; see F.4).

Tiop first—write-pulse duration

These bytes specify the duration of the first pulse of the multi-pulse-train for recording
with run-lengths of 2T, 3T, [4T,6T,8T] and [5T,7T,9T] (see F.4):

The first-pulse duration Ty, consists of two contributions: ‘a variable part and a fixed p
(Ttop = Ttop,var + 7—top,fix)-

For each of the byte fields fto f+ 1, with f = 62, 64,66 and 68, the following values are

defined.

The first six bits (bit b; to by) of this byte shall specify the variable part, as a fraction o
actual Channel-bit clock period, as an tinsigned binary number j such that

- 16 x 7-top,var
/ T,

w

The last two bits (bit bite*by) of this byte shall be Reserved.

The first six bits (bit\b; to by) of this byte shall specify the fixed part as a fraction of the
period Tx where Tx = 15,15 ns at 1x Recording Velocity or Tx = 7,58 ns at 2x Recordi
Velocity. Thewalue is expressed as an unsigned binary number k such that

k= 16 X 7_top,fix
T

ing
b data

Marks

art

f the

time

The last two bits (hif h. to hu) of this hy’rn shallbe Reserved

Bytes 62 to 63:

Bytes 64 to 65:

Bytes 66 to 67:

Bytes 68 to 69:

108

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks

with run-lengths of [5T,7T,9T] (see F.4).

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks

with run-lengths of [4T,6T,8T] (see F.4).

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks

with a run-length of 3T (see F.4).

These bytes specify the duration of the first pulse of the multi-pulse train for recording Marks

with a run-length of 2T (see F.4).
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Bytes 70 to 73: T r last-pulse duration

These bytes specify the duration of the last pulse of the multi-pulse train for recording Marks
with run-lengths of [4T,6T,8T], and [5T,7T,9T] (see F.4).

The last-pulse duration T, p consists of two contributions: a variable part and a fixed part
(Tee = Tipar + Tipfix)-

For each of the byte fields f to f+ 1, with f = 70 and 72, the following values are defined:

Byte f: The first five bits (bit b; to b;) of this byte shall specify the variable part, as a fraction of the
actual Channel-bit clock period, as an unsigned binary number s such that
s= 16 x TLP,var
T
The last three bits (bit b, to by) of this byte shall be Reserved.
Byte (f|+ 1): The first five bits (bit b; to bj) of this byte shall specify the fixed part as a fractjon of the time

Bytes 70 to 71:

Bytes 12 to 73:

Bytes 4 to 77:

period Tx where Tx = 15,15 ns at 1x Recording Velocity. er' Tx = 7,58 ns at 2x Recording
Velocity. The value is expressed as an unsigned bjnary number ¢ such that

T
t= 16 % LP, fix
T

X

The last three bits (bit b, to by) of this-byte shall be Reserved.

These bytes specify the duratiomof the last pulse of the multi-pulse train for rgcording Marks
with run-lengths of [5T,7T,9T]\(see F.4).

These bytes specify the duration of the last pulse of the multi-pulse train for rgcording Marks
with run-lengths of [4T;6T,8T] (see F.4).

dTg Erase level start time

The first six bits (bit b; to by) of these bytes specify the start time of an Erase level
succeeding the recording of Marks with run-lengths of 2T, 3T, [4T,6T,8T] and [5T,7T,9T]
(positive values are leading, negative values are lagging, see F.4).

The start time of the erase level dTg is expressed, as a fraction of the actual ¢hannel-bit
clock period, as a signed two’s-complement binary number u such that

Byte 74:

Byte 75:

Byte 76:

dT,

E

u=16 x

w
The last two bits (bit by to by) of these bytes shall be Reserved.

This byte shall specify the start of the Erase level for recording Marks with run-lengths of
[5T,7T,9T].

This byte shall specify the start of the Erase level for recording Marks with run-lengths of
[4T,6T,8T].

This byte shall specify the start of the Erase level for recording Marks with a run-length of
3T.
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Byte 77:

Bytes 78 to 99:

This byte shall specify the start of the Erase level for recording Marks with a run-length of

2T.

Reserved

15.8.3.6 Write strategy requirements

The write strategy requirements for disks are depicted in Figure 79.

. . Write strategy
R Vel
ecording Velocity N-TA N-1B N/2
X Vandatory Optionat Optionat
2X — Optional® Optional®

@ At least

bne of these two write strategies shall be present.

Figure 79 — Write-strategy type requirements

15.8.3.7 Usage of DI Units for Write strategies

By using the ¢
facilitates the (|
Layers, while K

Generally, ead|
which write str.
might need a @

Disks shall cor

containing parameters for 1x Recording Velocity and at\least one containing parameters for 2x Recordi

Velocity. Addit
preference (se

For 1x Record
Block sequeng

Byte 3 is set a

Byte 4 is set to

Byte 5 is used

bncept of multiple DI Units, identified by their DI-Format Number (byte 2), the BD system
future) use of disks with different Recording Velocities and with-one, two or more Record
eeping backwards compatibility in the best possible way.

h different Recording Velocity might need a different write strategy (different set of paran
htegy furthermore can depend on the applied technelogy. Additionally, each Recording L
ifferent set of values for the write-strategy parameters.

tain at least two DI Units for each Recording.Layer, as depicted in Figure 79; at least on

onal DI Units, containing alternative write-strategy parameter sets, may be added in ordg
e Figure 74).

ng Velocity, the N-1 write strategy A described by DI Format 1 shall always be placed in
e as the most-preferred write strategy.

ccording to the specifications in 15.8.3.2.
01h for SL disks;
02h for DL disk.

accarding to the description in 15.8.3.2.

lo

ng

eters),

hyer

r of

the DI-

In all DI Units
Bytes 32 to 33

Byte 34:

Byte 35:

fefmimg—txTecording parameters,; bytes 32 to-35shattbesettothefottowing:

These bytes are set to 01 ECh to indicate a Nominal Recording Velocity of 4,92 m/s.

This byte is set to 64h to indicate a Maximum Recording Velocity equal to the Nominal

Recording Velocity.

This byte is set to 64h to indicate a Minimum Recording Velocity equal to the Nominal

Recording Velocity.

In all DI Units defining parameters for 2x Recording Velocity, bytes 32 to 35 are set to as follows.

Bytes 32 to 33

Byte 34:

110

These bytes are set to 03 D7h to indicate a Nominal Recording Velocity of 9,83 m/s.

This byte is set to 64h to indicate a Maximum Recording Velocity equal to the Nominal

Recording Velocity.
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Recording Velocity.

An example of those assignments is shown in Figure 80.
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This byte is set to 64h to indicate a Minimum Recording Velocity equal to the Nominal

SL disk DL disk

byte 2: DI-Format Number 1 byte 2: DI-Format Number 1
byte 3:# of DI's / Layer L# 3/0 byte 3:# of DI's / Layer L# 4/0

byte 4. — 1 byte 4. — 2

byte 5: sequence # 0 byte 5: sequence # 0
—byte 3210 35 Recording Vetocity ¢ byte 3210 35 Recording Vetocity —1 1x

byte 2: DI-Format Number 3 byte 2: DI-Format Number. 1
byte 3:# of DI's / Layer L# 3/0 byte 3:# of DI's / Layer L# 4/1

byte 4: — 1 byte 4: — 2

byte 5: sequence # 1 byte 5: sequence # 1
byte 32 to 35: Recording Velocity 1x byte 32 to 35: Recording Velocity 1x
byte 2: DI-Format Number 2 byte 2: DI-Format Number 3
byte 3:# of DI's / Layer L# 3/0 byte 3:# of D¥s / Layer L# 4/0
byte 4: — 1 byte 4:<— 2
byte 5: sequence # 2 byte 5:-sequence # 2
byte 32 to 35: Recording Velocity 2X byte 32 to 35: Recording Velocity 2x
REPEAT byte 2: DI-Format Number 2
byte 3:# of DI's / Layer L# 4/1

byte 4: — 2

byte 5: sequence # 3

byte 32 to 35: Recording Velocity 2X

REPEAT

At 1x Recording Velocity, the write
strategy described:by-DI Format 1 is
preferred, the wtfite strategy described by
DI Format 3.can/be used as alternative,
at 2x Recarding Velocity, the write
strategy-described by DI Format 2 is used

At 1x Recording Velocity, the write
strategy described by DI Format 1 is|used
on both Layer LO and Layer L1,
at 2xRecording Velocity, the write stfategy
described by DI Format 3 is used on|Layer
LO, and the write strategy described py DI

Format 2 is used on Layer L1.

Figure 80 — Example of DI sequence
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16 General

16.1 General

description of Information Zone

The Information Zone, which contains all information on the disk that is relevant for data interchange, is

located in the |

nformation Area extending from dg to dyo. (see 10.8.1 and Figure 17).

The inner part of Inner Zone(s) (Protection-Zone 1 + PIC) shall contain HFM Groove which can hold replicated
information about the disk. The other parts of the Inner Zone(s), Data Zone(s) and Outer Zone(s) constitute

the Rewritable
Change effect.

Area(s), in which the information can be recorded on Wobbled Groove using the Phase-

16.2 Format

For consisteng

The Informatio]
Lead-out Zone

The Data Zons
control informg
also contains (

16.3 Format

The Informatio
Zone 0 on Lay
(see Figure 81

Data Zone 0 a
contain replica
Outer Zone 1 4

17 Layout

The Rewritablg
and the Outer
values of the ¢

The Physical A
the numbers o

The values giv

bf Information Zone on Single-Layer disk

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

h Zone is divided in three parts: a Lead-in Zone (part of the Inner Zone 0),.a Data Zone 3
(Outer Zone 0) (see Figure 81).

is intended for recording User Data. The Lead-in Zone contains replicated and Rewritab
tion and an area for disk and drive testing. The Lead-out Zone allows for a smooth runod
Lontrol Information.

bf Information Zone on Dual-Layer disk

h Zone is divided in six parts: a Lead-in Zone (part of the Inner Zone 0), Data Zone 0 and
br LO, Outer Zone 1, Data Zone 1 and a Lead-out-Zone (part of the Inner Zone 1) on Lays
and Figure 82).

nd Data Zone 1 are intended for recording User Data. The Lead-in Zone and the Lead-ou
fed and Rewritable Control Informatioprand an area for disk and drive testing. Outer Zo

bf Rewritable Area of Information Zone

Area of the Information Zone is constituted from parts of the Inner Zone(s), the Data Zo

entre of the first/last’Groove Track of that Zone.

DIP Addresses (PAA) listed are the first/last address in the Groove Tracks of each Zone
[ Physical Clusters (RUBs) that can be recorded per Zone are indicated.

ervinithe table of Figure 81 are for a disk capacity of 25,0 Gbytes or 50,0 Gbytes.

n
llow for a smooth runin/runout for their respective Layers and also contain Control InforrIation.

nd a

le
t and

Outer
er L1

t Zone
0 and

ne(s)

one(s). The startingiradii for the Zones indicated in Figure 81 and Figure 82 are the nonpinal

Also
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Nominal First PAA
Descrip- startin of Zone Number
Layer LO tion P radiusg : 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®  BCA
21,0 mm Grooves
Protection +— -
-Zone 1 22,2
Embossed (First AUN 3
HFM Area 000D 8ECOh| 2720
(HFM PIC 22,512 : ( x 4KB)
Groove) Last AUN =
00 OD A3 FEh)
Protection 0184 80h
-Zoné2 23,252 : 224
Lead-in 01 B7 FEh
Zone
(part of INFO2 01 B? 00h 256
Inner Zone 23,289 ;
| 0) 01 BB FEh
v 01 BC 00h
Information OPC 23,329 : 2048
Zone 01 DB FEh
Infprmation l 01 DC 00h
Area ) Reserved | 23,647 : 2048
tracking 01 FB FEh
direction 01 FC 00h
Rewitable INFO1 23,961 : 256
01 FF FEh
(Wobbled 24,000 02 00 00h
Groove) Data : 381 856
Zone 0 :
LAA
Lendott 58,000 LAA + 2h
Zone | INFO 3/4 : 268
o /t LAA + 4 30h
uter :
Zone 0 Protection 58017 LAA + 4 32h —
-Zone 3 :

ending radius

58,5 mm

Rim Area

starting radius 58,5 mm

© ISO/IEC 2016 — All rights reserved

Figure 81 — Layout of Information Zone on Layer L0

113


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

The values given in the table of Figure 82 are for a disk capacity of 50,0 Gbytes.

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 Grooves
Protection| 22,2 = =
-Zone 1
Embossed (Last AUN =
HFM Area 01 F2 71 3Eh | ~2720
(HFM PIC 22,512 : (= 4KB)
Groove) First AUN.=
01 F2 5CQ6h)
Protection 3E 4B7Eh
Zone 2 23,252 : 224
Lead-out 3E 48 00h
Zone 3E 47 FEh
(Inner INFO 2 | 23,289 : 254
) Zone 1) 3E 44 00h
tracking
direction SE 43 FEh
0 Reservedy/ 23,329 : 2 048
| 3E 24 00h
Area Zone OPC 23,647 : 2048
0 3E 04 00h
| 3E 03 FEh
Rewritable INFO 1 23,961 : 254
3E 00 00h
(Wobbled 24,000 3D FF FEh
Groove) Data 381 856
Zone 1 :
FAA @
FAA - 2h
Outer |INFO 3/4| 58,000 : 268
Zone 1 FAA — 4 30h
Protection 58,017 FAA - 4 32h —
-Zone 3 :
starting radius
58,5 mm
® FAA=LAA+C00001h (see 15.7.4.3).

Figure 82 — 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 PS,; of the PSN shall be Reserved.

Bits PS,6 to PS,4 of the PSN shall be set to the Layer number.
The firgt PSN in the Data Zone 0 is 00 10 00 OOh.

The lagt PSN in the Data Zone 0 is 8 x LAA + 15, which is 00 CA 73 FFh on a 25,00GB and 50,0 GB disk.
The firgt PSN in the Data Zone 1 is 8 x FAA, which is 01 35 8C 00h on a 50,0-GB disk.

The lagt PSN in the Data Zone 1 is 01 EF FF FFh.

set to
Layer number PSN
MSB l LSB
P PIPT [P P P P P Pl P[P P
S sis| |s S S S S s| |s|s s
3 212| |2 2 1 1 8 7| |5]a 0
1 7l6] |4 3 6 5
in Cluster
count RP
Address-Unit Number i l i i /
YYVYVYVY YYVYYVVVY YVYVYVVYY YVY
7 ATAT A 7 A A A Al TATA ATA
U ulul |u U U U u ul [u|u ulu
3 2|2| |2 2 1 1 F 7| I5]a 1l0
1 7l6| |4 3 6 5
setto
00, 01, 10
consecutively
Y YVYVYN A YVYVYVY Y A il
AT JATZ A A A A AlA[A
Al |AlA AlA A A A AlA|A
2 212 1|1 1 8 7 21110
3| |1]0 7|6 5

Physical ADIP Address

Figure 83 — 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 83. This PAA identifies
the location on the disk where the data has to be recorded.

115
© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

18 Inner Zone

18.1 General

On Layer L0, 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.

Both Inner Zone 0 (Lead-in Zone part) and Inner Zone 1 (Lead-out Zone part) contain an Embossed HFM
Area and a Rewritable Area (see Figure 84 and Figure 85).

In the Embossed HFM Area on Layer LO, Groove shall be encoded according to the format defined in 15.5

and its subclad
On Layer LO, t
00 0D 85 F4h.

The addresses
AUN =00 0D 4

On Layer L1, t

01 F2 7A OAh.

The addresses
AUN=01F2§

In the Protectic
can be equal t

The Protection
code.

In the Perman
other informati

In the Rewrital

The Rewritablé
to store specifi
Also, a Zone h

Ses.

his encoding shall start at radius 22,2_%% mm, such that the AUN of the first Cluster-shal

shall be continuously increasing as described in 15.5.3.2 and shall end ‘with
\3 FEh in the last 4K Cluster at the outermost radius of the PIC Zone.

nis encoding shall end at radius 22,2_%’% mm, such that the AUN.of the last Cluster shall

shall be continuously increasing as described in 15.5:3:2 and shall start with
C 00h in the first 4K Cluster at the outermost radius.of'the PIC Zone.

n-Zone 1 of both Inner Zones, the contents of the Data Frames can be set to all 00h or t
b the content in the PIC Zone.

-Zone 1 is intended to be a protection@rea against overwriting of the PIC Zone by the B(

ent Information and Control data-(PIC) Zone(s), general information about the disk and v3
bn can be stored in the Embossed HFM Groove.

le Area, Groove(s) shall be wobbled as defined in 15.6.

Area of the Inner)Zone(s) is used to execute OPC (Optimum Power Control) procedures

as been reserved where drives can store their own specific information.

be

hey

rious

and

C informationsabout the disk, such as Disk-Management information and Control informatjon.
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Inner Description First PAA Number of PUIDOSE
Zone 0 P of Zone | Phys. Clusters P
Protection . . .
Zone 1
Embossed PIC . . Permanent Information
HFM and Control data Zone
— Protection | 41 4 gon 224 —
Zone 2
Reserved 8 01 B8 00h 32
Reserved 7 01 B8 80h 32 .
future extension
Reserved 6 01 B9 00h 32
INFO 2 Reserved 5 01 B9 80h 32
PAC 2 01 BA 00h 32 Physical-Access
Control
DMA 2 01 BA 80h 32 Disk Management
Control Data2 | 01 BB 00h 32 data inforrhation
J Buffer 2 01 BB 80h 32 —
Rewritable OPC Test Zone 01 BC 00h 2 048 OPC tegting
\2 Reserved — 01 DC 00h 2048 future extgnsion
tracking Buffer 1 01 FC 00h 32 —
direction
Drive Area 01 FC 80h 32 Drive-spgcific
information
Reserved 3 01°FD 00h 32
INFO 1 Reserved 2 01 FD 80h 32 future extgnsion
Reserved 1 01 FE 00Oh 32
DMA 1 01 FE 80h 32 Disk Management
Control Data 1 | 01 FF 00h 32 data inforrhation
PAC 1 01 FF 80h 32 Physical-Access
Control
(Data Zone 0) | 02 00 00h
Figure 84 — Inner Zone 0 (Lead-in Zone)
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Inner

First PAA

Number of

Zone 1 Description of Zone | Phys. Clusters Purpose
(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
INFO 1 Reserved 1 3E 01 80h 32
Reserved 2 3E 02 00h 32 future extension
Reserved 3 3E 02 80h 32
Drive Area 3E 03 00h 32 drive-specific information
\ Buffer 1 3E 03 80h 32 —
Rewritalple OPC Test Zone 3E 04 00h 2048 OPC testing
J Reserved — 3E 24 00h 2048 future extension
lracking Buffer2 | 3E 44 00h 32 \"
Control Data 2 | 3E 44 80h 32 data information
DMA 2 3E 45 00h 32 Disk Management
INFO 2 PAC 2 3E 45 80h 32 Physical-Access Contrpl
Reserved 5 3E 46 00h 32
Reserved 6 3E 46 80h 32 future extension
Reserved 7 3E 47 00h 32
Reserved 8 3E 47 80h 32
— Przc’;ﬁ‘;t';” 3E 48 00h 224 —
PIC N . Permanent Informatiop
and Control data Zong
Embossed Protection . . .
HFM Zone 1
Figure(85'— Inner Zone 1 (Lead-out Zone)
18.2 Permangent Information and.Control data (PIC) Zone
18.2.1  General
The Permanert Information and Control data (PIC) Zone is an Embossed HFM Area with data for vario
purposes, such as disksinformation. If no specific PIC data is supplied, all User-Data bytes (before scra
shall be set to PQOh,'\Both layers shall contain the same PIC data.

18.2.2

I]Sbling)

Content of PIC Zone

The PIC Zone shall consist of five repetitions of a PIC-Info Fragment, where each PIC-Info Fragment consists
of 544 PIC Clusters (for a total of 2 720, see Figure 86). The PIC Clusters shall be formatted as described in

15.5.

The PIC-Info Fragments shall start

on Layer LO at AUNs: 00 0D 8E COh, 00 0D 93 00h, 00 0D 97 40h, 00 OD 9B 80h and 00 0D 9F COh,

and

on Layer L1 at AUNs: 01 F2 5C 00h, 01 F2 60 40h, 01 F2 64 80h, 01 F2 68 COh and 01 F2 6D 00h.
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The firs
the AD
Frame
remain

The las

PIC-Info PIC AUN AUN
Fragment number Cluster number on Layer LO on Layer L1

0 00 OD 8E COh 01 F2 5C 00h
1 00 0D 8E C2h 01 F2 5C 02h
IFO 2 00 OD 8E C4h 01 F2 5C 04h
543 00 OD 92 FEh 01 F2 60 3Eh
0 00 0D 93 00h 01 F2 60 40h

IF1 : :
543 00 0D 97 3Eh 01 F2 64 7Eh
0 00 OD 97 40h 01 F2 64 80h

IF2 : :
543 00 0D 9B 7Eh 01 F2'68'BEh
0 00 0D 9B 80h 01"E2 68 COh

IF3 : :
543 00 OD 9F BEh 01 F2 6C FEh
0 00 0D 9F COh 01 F2 6D 00h

IF4 : :
543 00 0D.A3 FEh 01 F2 71 3Eh

Figure 86 — PIC Zone

t PIC Cluster of each Info Fragment shall containa copy of the Disk-Information Block a

shall be included (excluding the 32 parity bytes). If less than 32 DI Units are present, the
ng bytes up to byte 3 584 shall be set to-00h.

t 512 bytes of the first PIC Cluster.of'each Info Fragment shall contain the Emergency-B

(see 18.2.3 and Figure 87).

iEyFE(IeCpgTLIJt;?Qr Content Number of bytes
0to 111 DI Unit 0 112
112 to 223 DI Unit 1 112
: : 112 x 28
3360 to 3471 DI Unit 30 112
347210 3 583 Reserved 112
3584 to 4 095 EB Data Set 512

5 contained in

P Aux Frames (see 15.8.3 and Figure 87). Only the first 112 bytes of each Disk-Informafion Aux

h the

rake data set

Figure 87 — First PIC Cluster of each Info Fragment

All other PIC Clusters shall be Reserved unless specified otherwise (e.g. in other Applications).

18.2.3

Emergency Brake

As a protective measure, a data set is defined that can be used by specific drive models to recognize disks
that need special handling to prevent destructive malfunction.

This data is called Emergency Brake (EB) data.

The EB data is specified in bytes 3 584 to 4 095 of the first PIC Cluster of each Info Fragment. It consists of
an EB Header, EB-data field(s) and an EB Footer. EB-data fields shall be included only after mutual
agreement between the disk manufacturer and the drive manufacturer involved, when specific drives require

© ISO/IEC 2016 — All rights reserved
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special actions when handling such disks, e.g. to prevent damage to the disk or the drive. Up to a maximum of
62 EB-data fields may be applied.

The Emergency-Brake data shall be implemented as depicted in Figure 88.

Byte number Function Definition Number of bytes

3 584 to 3 585 Identifier 2

3 586 Version 1

3 587 EB Reserved 1

Header

3 588 List length 1

3-689-te3-6H Reserved 3

3 592 to 3 593 Drive-Manufacturer ID 2

3594 to 3 595 EB Drive Model 2

3 596 to 3 597 Data field 1 Firmware Version 2

3 598 to 3 599 Drive Actions 2

(35841 ix8)to (3584 +ix8)+1 Drive-Manufacturer ID 2

(3584 +|x8)+2t0 (3584 +x8)+3 DataEf'?el g Drive-Model 2

(3584 +[ix8)+4t0(3584 +ix8)+5 (1<i<N) Firmware Version 2

(3584 +|ix8)+6to(3584+ix8)+7 Drive Actions 2

(3584 {Nx8)to (3584 + Nx8)+1 Drive-Manufacturer ID 2

(3584+/Nx8)+2t0(3584+Nx8)+3 Datai?eld N Drive Model 2

(3584+Nx8)+4t0(3584+Nx8)+5 (N <62) Firmware Version 2

(3584 +Nx8)+6t0(3584+Nx8)+7 Drive Actions 2

[3584 + (N +1)x 8]to[3584 + (N + 1) x 8] +\F EB Footer Terminator 8
[3584 + (N +2)x 8]to4 095 Unused Reserved 512-(N+PR)x 8

Figure.88.— Definition of Emergency-Brake data
Bytes 3 584 t9 3 585: EB ldentifier
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 one of the Emergency-Brake format.

Byte 3 587: Reserved

This byte shall be set to 00h.
Byte 3 588: EB list length N

This byte shall represent the number of EB-data fields.

This byte shall be set to 00h when no EB-data fields are present.
Bytes 3 589 to 3 591: Reserved

These bytes shall be set to 00 00 00h.

Bytes (3 584 + i x 8) to (3 584 + i x 8) + 1 (1 <i < N): Drive-Manufacturer ID
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The format and the content of these two bytes require agreement between the
interchange parties, else these bytes shall be set to all 00h.

Bytes (3584 +ix 8)+2to (3584 +ix8)+3(1=<i< N): Drive-Model Number

These two bytes represent the Drive-Model Number and shall be defined by the drive
manufacturer. This International Standard does not specify the format and the
content of this byte. It shall be ignored in interchange.

Bytes (3584 +ix 8)+4to (3584 +ix8)+5(1=i<N): Drive-Firmware Version

These two bytes represent the Drive-Firmware Version and shall be defined by the
drive manufacturer. This International Standard does not specify the(fefmat and the
content of this byte. It shall be ignored in interchange.

Bytes (3 584 +ix 8) + 6 to (3 584 + j x 8) + 7 (1 <i < N): Drive-Manufacturer Actions

These two bytes represent the actions to be performedby’the drive mddel to handle
this disk. These bytes shall be defined by the drive manufacturer. This [nternational
Standard does not specify the format and the content of this byte. It shall be ignored
in interchange.

Bytes [3 584 + (N+1) x 8] to [3 584 + (N+1) x 8] + 7 (0 < N < 62):-EB Terminator

These bytes shall be set to FF FF.FF)FF FF FF FF FFh to indicate the end of the EB
data.

Bytes [3 584 + (N+2) x 8] to 4 095 (0 < N < 62): Reserved
These bytes shall be Reserved.
18.3 Rewritable Area of Inner Zone(s)

18.3.1| Protection-Zone 2

This Zone of 224 Physical Clusters, starting at PAA 01 B4 80h on Layer L0 and at PAA 3E 48 OPh on Layer
L1, is intended to be a buffer:Zone for the transition from the Embossed HFM Area to the Rewrifable Area
(see 15.4.4).

18.3.2| INFO 2/Reserved 8

This Zone of 32.Physical Clusters, starting at PAA 01 B8 00h on Layer LO and at PAA 3E 47 80h on Layer L1,
is Appl|cation’dependent.

For the disks with BCA code, if this setting is not specified by the Application, these bytes shall be left
unrecorded.

For the disks without BCA code, this Zone shall be recorded all 00h before shipping.
18.3.3 INFO 2/Reserved 7

This Zone of 32 Physical Clusters, starting at PAA 01 B8 80h on Layer LO and at PAA 3E 47 00h on Layer L1,
shall be unrecorded.

18.3.4 INFO 2/Reserved 6
This Zone has the size of 32 Physical Clusters starting at PAA 01 B9 00h on Layer LO and at PAA 3E 46 80h

on Layer L1 and shall be unrecorded.
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18.3.5 INFO 2/Reserved 5

The use of this Zone of 32 Physical Clusters, starting at PAA 01 B9 80h on Layer L0 and at PAA 3E 46 00h on
Layer L1, is Application dependent.

For the disks with BCA code, this Zone shall be left unrecorded unless otherwise specified by the Application.
For the disks without BCA code, this Zone shall be recorded all 00h before shipping.
18.3.6 INFO 2/PAC 2

This Zone of 32 Physical Clusters, which starts at PAA 01 BA 00h on Layer L0 and at PAA 3E 45 80h on
Layer L1, is infended to be used for storing Physical-Access Control (PAC) Clusters (see 21.2). Unused
Clusters in thi§ Zone shall contain all 00h or left unrecorded.

18.3.7 INFQ 2/DMA 2

This Zone of 3P Physical Clusters starts at PAA 01 BA 80h on Layer LO and at PAA 3E45.00h on Layef L1
and is intended for use by the Disk-Management system (see Clause 22). Unused Clusters in this Zong shall
contain all 00h|or left unrecorded.

18.3.8 INFQ 2/Control Data 2

This Zone of 3P Physical Clusters starts at PAA 01 BB 00h on Layer LO and at PAA 3E 44 80h on Layef L1
and is intended to store Control information.

Unused Clustdrs in this Zone shall contain all 00h .
18.3.9 INFQ 2/Buffer 2

This Zone of 3R Physical Clusters starts at PAA 01.BB80h on Layer LO and at PAA 3E 44 00h on Layef L1
and shall be ufrecorded.

18.3.10 OPQC/Test Zone

The Test Zonel of 2 048 Physical Clusters-starts at PAA 01 BC 00h on Layer LO and at PAA 3E 04 00h pn
Layer L1 and is reserved for testing.and/or OPC procedures.

After using any part of this area, the used Tracks shall either be erased by irradiating these tracks using only
the optimum efase powers @rbe overwritten with Clusters containing arbitrary User Data using the optithum
write powers.

18.3.11 Reseé¢rved

This Zone of 264
and shall be unrecorded.

18.3.12 INFO1/Buffer 1

This Zone of 32 Physical Clusters starts at PAA 01 FC 00h on Layer LO and at PAA 3E 03 80h on Layer L1
and shall be unrecorded.

18.3.13 INFO 1/Drive Area (optional)
18.3.13.1 General

The use of this Zone of 32 Physical Clusters starting at PAA 01 FC 80h on Layer LO and at PAA 3E 03 00h on
Layer L1 is optional. It can be used by drives to store Drive-specific Information, restricted to be used only by
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the drive that has created the information. To guarantee that drives can allocate their own information, the

followi

ng format shall be used. The Clusters in this Zone shall be ignored in interchange.

18.3.13.2 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 bytes of additional identification, represented by characters from the ISO 646 character set;

— SWMMM%.—
The fofmat of the remaining 1 920 bytes of the Data Frame is not defined and can be chosen freely by the

drive designer.

The Drjve-specific Information of the last 32 drives that have used this option, shall\be’stored in
Cluster. Each time a new drive is going to write its Drive-specific Information, the'cldest Drive-specific

Information located in Data Frame 31 of the Physical Cluster is removed fromrthé Physical Clusier, the
content of Data Frames 0 to 30 are moved into Data Frames 1 to 31 and the new information is

Frame

For roh

0 (see Figure 89).

disk twjce.

Initially|

specifi

Drive A

Area, t
Area.

Information. When both Physical Clusters become unreliable, the next two Physical Clu

one Physical

written in Data

ustness reasons, the Physical Cluster containing the Drive=specific Information frames ig written on the

the two Physical Clusters starting at PAA 01 FC 80h and 01 FC 84h shall be used to stgre the Drive-

Sters of the

rea can be used to store the Drive-specific Information. For a fast and efficient access to the Drive
ne DDS in the DMA Zones contain an address pointer to the first valid Physical Cluster in| the Drive
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. Shift in
Drive Area | Phys. Cluster Data Frame
Damaged drive i Manufacturers
name
Damaged drive i— 1 One 2K Additional ID
Sector
Valid Drive Info 32 x 2K Unique Seriall
Sectors Number

Copy Drive Info |

Drive-specific
Informatian
in free format

Spares Shift at

Each update

drive j — 31

1 Shift out
Figure 89 — Format of Drive Area (example)
18.3.14 INFQ 1/Reserved 3

This Zone of 3P Physical Clusters, starting at PAA 01 FD 00h on Layer L@-and at PAA 3E 02 80h on Laler L1,
shall be left unfecorded.

18.3.15 INFQ 1/Reserved 2

This Zone of 3R Physical Clusters, starting at PAA 01 FD 80h on Layer LO and at PAA 3E 02 00h on Laler L1,
shall be left unfecorded.

18.3.16 INFQ 1/Reserved 1

This Zone of 3P Physical Clusters, starting at PAA 01 FE 00h on Layer LO and at PAA 3E 01 80h on Layerr
L1, shall be left unrecorded.

18.3.17 INFQ 1/DMA 1

This Zone of 3P Physical Clusters, starting at PAA 01 FE 80h on Layer L0 and at PAA 3E 01 00h on Layer L1,
is intended for|use by the Disk-Management system (see Clause 22). Unused Clusters in this Zone sha
contain all 00h|or be left unrecorded.

18.3.18 INFQ1/Controle Data 1

This Zone of 3R Physical Clusters, starting at PAA 01 FF 00h on Layer LO and at PAA 3E 00 80h on Layer L1,
is intended to store Control information. Unused Clusters in this Zone shall contain all 00h.

18.3.19 INFO1/PAC 1

This Zone of 32 Physical Clusters, starting at PAA 01 FF 80h on Layer LO and at PAA 3E 00 00h on Layer L1,
is intended to be used for storing Physical-Access Control (PAC) Clusters (see Clause 21). Unused Clusters
in this Zone shall contain all 00h or be left unrecorded.

19 Data Zone
On an SL disk, the Data Zone can contain a total of 381 856 Clusters of User Data on a 25,0 GB disk.
On a DL disk, the Data Zones can contain a total of 763 712 Clusters of User Data on a 50,0 GB disk.
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20.1 General

On an SL disk, the outermost Zone of the Information Zone functions as a Lead-out Zone (see Figure 90).

On a DL disk, the Outer Zone 0 and Outer Zone 1 function as a transition area between the Data Zones on

Layer LO and Layer L1 (see Figure 91).

ISO/IEC 30192:2016(E)

Outer Description First PAA Number of PUrDOSe
Zone 0 P of Zone Phys.Clusters P
(Data Zone 0)
Buffer 3 LAA + 2h 32 —+
INFO 3 DMA 3 LAA + 82h 32 Disk Management
J Control Data 3 LAA +102h 32 data infgrmation
Rewritable — Angular buffer LAA +182h 76 —+
\2 DMA 4 LAA + 2 B2h 32 Disk Management
tracking INFO4 | ControlData4 |LAA+332h 32 data infdrmation
direction
Buffer 4 LAA + 3 B2h 32 —+
— Protection-Zone 3 | LAA +432h — —+
Figure 90 — Outer Zonhe 0/Lead-out Zone
Outer Descriofion First PAA Number of Purdose
Zone 1 R of Zone Phys.Clusters H
— Protection-Zone 3 — —+
Buffer 4 FAA -4 30h 32 -+
J INFO 4 Control Data 4 FAA — 3 BOh 32 data infgrmation
Rewritable DMA 4 FAA — 3 30h 32 Disk Management
\2 & Angular buffer | FAA —2 BOh 76 -
tr'ackl.ng Control Data 3 FAA —1 80h 32 data infgrmation
direction
INFO 3 DMA 3 FAA — 1 00h 32 Disk Management
Buffer 3 FAA — 80h 32 -+
(Data Zone 1) FAA

© ISO/IEC 2016 — All rights reserved
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20.2 INFO 3/Buffer 4

This Zone of 32

Physical Clusters shall be left unrecorded.

20.3 INFO 3/DMA 3

This Zone of 32 Physical Clusters is intended for use by the Disk Management system (see Clause 22).

Unused Clusters in this Zone shall contain all 00h or be left unrecorded.

20.4 INFO 3/¢
This Zone of 3
Unused Clustg
20.5 Angulan
This Zone with
20.6 INFO 4/1
This Zone of 3
Unused Cluste
20.7 INFO 4/¢
This Zone of 3
Unused Clustg
20.8 INFO 4

This Zone of 3
20.9 Protecti
This Zone con

All ADIP Units

126

Control Data 4

P Physical Clusters is intended to store Control information.
rs in this Zone shall contain all 00h.

buffer

the size of 76 Physical Clusters shall be left unrecorded.
DMA 4

D Physical Clusters is intended for use by the Disk Management system (see Clause 22)
rs in this Zone shall contain all 00h or be left unrecorded.
Control Data 4

D Physical Clusters is intended to store:Control information.
rs in this Zone shall contain all Q0h,

Buffer 6

P Physical Clusters shall be unrecorded.

pn-Zone 3

ains an Unrecorded Groove.

in the'Grooves in this Zone shall be modulated by MSK-cos only and not by HMW (see 1

5.6.2).

© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

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 INFO1/PAC1 Zone and
backup copies shall be recorded in the INFO2/PAC2 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 esigned before the Introduction date a new PAC will, in general, not be able to |nterpret’|:t and

therefgre shall treat such a PAC as a so-called “Unknown PAC”. By obeying standard “Unknowi

are no [physical-access restrictions unless specified otherwise in the “PAC-specific information”

21.2 Layout of PAC Zones

On SL [disks, the INFO1/PAC1 and INFO2/PAC2 Zones each form one area of 32 Clusters avai
storagg of PAC.

On DL|[disks, the INFO1/PAC1 Zones on Layer LO and‘Layer L1 form one area of 64 Clusters a
storagg of PAC, and the INFO2/PAC2 Zones on Layer LO and Layer L1 form another area of 64
available for the storage of PAC.

Each HAC Cluster shall be recorded in both*Zones, INFO1/PAC1 and INFO2/PAC2, so there wi
two copies of each PAC Cluster recorded. A PAC shall always be updated first in the INFO1/PA
then bg copied to the INFO2/PAC2.Zone, which eases the handling of possible power-down fail
pdate Count of the PAC Cluster recorded in the INFO2/PAC2 Zone shall be the same as
Updatg Count of the PAC Cluster recorded in the INFO1/PAC1 Zone.

If a PAC Cluster is found to be defective during recording, the defective Cluster shall be skipped
as invdlid in the DDS\(see Figure 92). Such a PAC should be recorded in the next available Clu

-PAC Rules’,
specific

LPAC Rules”
PACs”, there
fields.

able for the

ailable for the
Clusters

| always be
C1 Zone and
Lires. The
the PAC-

and indicated
ster.

The status of all Iocations in both the INFO1/PAC1 and INFO2/PAC2 Zones shall be indicated i the DDS

(see 22.2.2)by a 2-bit pattern as follows:

b Pn GontertinPAGCHecation
00 unreporded
(also to be used if Layer not present)
01 available for re-use®
10 contains an invalid PAC?
11 contains a valid PAC

a

PAC Clusters with status 01 or 10, as indicated in
the DDS, shall not be transferred outside the drive,
though overwriting is allowed (independent on the setting
of bit by and b, of the Unknown-PAC Rules).

Figure 92 — Status of PAC locations
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21.3 General structure of PAC Clusters

The User Data of PAC Clusters shall be formatted according to Figure 93. The first 384 bytes constitute the
PAC Header.

_Byte position Content
Data Frame | in Data Frame Number of bytes
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4t07 PAC-Update Count 4
0 8 to 11 Unknown-PAC Rules 4
@ 12 Unknown-PAC Entire_Disk_Flags 1
@ 13 to 14 Reserved 2
@ 15 number of Segments 1
@ 16 to 23 Segment_0 8
@ 24 to 31 Segment_1 8
@ 32 to 263 : 29 x 8
@ 264 to 271 Segment_31 8
@ 272 to 383 Reserved 112
d 384 Known-PAC Entire_Disk_Flags 1
@ 385 to 387 Reserved 3
@ 388 to 2 047 PAC-specific information 1660
1 0to 2047 PAC-specific information 2048
3P 0to 2047 PAC-spegcific information 2048
3 0to 2047 Reserved 2048
Figure 93 — General layout of PAC Clusters
The PAC_ID shall identify the specific type of PAC Cluster.
— If set to 0Q 00 00h, the PAC Clusteriis*unused.
THe PAC_ID of all subsequent PAC Clusters in the INFO1/PAC1 Zone or INFO2/PAC2 Zone shall
bg set to 00 00 00h-orthose subsequent Cluster locations shall be unrecorded.
— If set to 5Q 52 4Dh, the RAC Cluster is the Primary PAC as defined in 21.4.
— If set to 44 57 50h(the PAC Cluster is the DWP PAC as defined in 21.5.
— If set to 49 53,34h, the PAC Cluster is the IS1 PAC as defined in 21.6.

— If set to 49 53 32h, the PAC Cluster is the IS2 PAC as defined in 21.6.
— If set to FF FF FFh, the PAC Cluster is unused.

The PAC was previously used and is now available for re-use.
Other values for the PAC_ID can be assigned in future releases of this International Standard.

Each new PAC added to the INFO1/PAC1 Zone or INFO2/PAC2 Zone shall be recorded in the first available
Cluster in these Zones (indicated by status 00 or 01 in the DDS, see Figure 92)

The PAC-format field shall indicate the version number of the specific PAC.

The PAC-Update Count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and it shall be incremented by one each time
the current PAC is re-written.
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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
(bit b4 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 94). 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 sefling
bsq to bas Reserved 0000|0000
it
Reserved 8 bz write
b read
b it ONE
Reserved 7 b21 \:g;j
INFO 2 2 :
b1g write ONE
Reserved 6
bg read
Reserved 5 b1 write
b{s read -
. b1s write ZERO
INFO 1 Drive Area bre oad ZERO
it NE
Reserved 3 b1 write ©
b2 read -
INFO 1 Reserved 2 b1 write ONE
b1o read
b it ONE
Reserved 1 2 write
bg read
DMA Zones (not including the .
INFO 1,2,3,4 DDS; sée 22.2) b, write
b Reserved unless othefwise
6 specified by the Appli¢ation
INFO 1,2,3.4%]-Control Data Zones bs write
bs read
b ite
Data.Zenes User-Data Area / Segments 2 Wi
b, read
INFO 1 and 2 | PAC Cluster b1 write
Do read -
- No mandatory setting specified, as well ZERO as ONE can be allowed depending on
specific PAC.

Figure 94 — General bit assignments for Unknown-PAC Rules
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For all Zones/Areas, except the PAC Cluster, the bits have the following meaning:

— Control type = write
— if set to ZERO: to indicate that writing in the related Zone/Area is allowed;
— if set to ONE: to indicate that writing in the related Zone/Area shall not be allowed;

— Control type = read
— if set to ZERO: to indicate that reading in the related Zone/Area is allowed;
— if set to ONE: to indicate that reading in the related Zone/Area shall not be allowed
(the meaning of “reading shall not be allowed” in this context is that the data content of the
Clusters in the related Area(s) are not allowed to be transferred outside the drive or presented to
the user).

For the PAC Clluster, the bits have the following meaning:

— Contrdl type = write
— if spt to ZERO: to indicate that overwriting the current PAC Cluster or changing its'status bitg in the

DDS is allowed;

— if spt to ONE: to indicate that neither overwriting the current PAC Cluster rioh changing it status

bitg in the DDS shall be allowed, except during Re-initialization;

— Contrdl type =read
— if spt to ZERO: to indicate that reading and transferring the content-of the current Cluster putside

the| drive are allowed;

— if spt to ONE: to indicate that the content of the current PAC Cluster, except for the first 384 bytes

of the first Data Frame, shall not be transferred outside the-drive, to be enforced by sefting all

bytes not belonging to the PAC Header to 00h before passing the content of the Cluster.

The Unknown-PAC Entire_Disk_Flags byte shall specify Unknown-PAC Rules that cover the entire d|sk.
to by : These bits shall be Reserved.
Re-initialization.

— If|set to ZERO: Re-initialization is allowed; if not blocked by any other Write Protect mechanism
the entire disk.

— If et to ONE: Re-initialization shall.not be allowed if the PAC is Unknown to the drive.

The number
PAC.

Segments shall specifythe total number N (0 < N < 32) of Segments specified in the cuirrent
Moreover, the fotal number of Segments defined for all PACs on a disk shall not exceed 32.

D" numberof Segments in PAG; < 32
overallPACs

The Segment]ifield shall specify the starting and ending address of a contiguous range of Clusters, cdlled a
Segment. Segments shall be assigned, starting from Segment_0 to Segment_(N — 1) (N < 32).

Segments specified within one PAC shall not overlap and shall be sorted in ascending order according to their
addresses. Segments shall only start and end at Cluster boundaries. All Segment_i fields, where i > N, shall
be set to all 00h.

— The first 4 bytes of the Segment i field, if used, shall contain the first PSN of the first Cluster
belonging to the Segment.

— 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 by to bs : These bits shall be Reserved.
Bit by : Re-initialization.

the entire disk.

If set to ONE: Re-initialization shall not be allowed.

The PAC-specific information fields contain information that is specific to the current PAC.

21.4 Primary PAC Cluster (mandatory)

The Pr|
was ini
layout

Figure 95 — Layout of Primary PAC Cluster

The PAC_ID shall be set to 50 52 4Dh, representing the characters “PRM”.

The PAC-format field shall be set to 00h, to indicate this is a Primary PAC Version zero.

© ISO/IEC 2016 — All rights reserved
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If set to ZERO: Re-initialization is allowed, if not blocked by any other Write Protect mechanism for

mary PAC Cluster shall be included on each disk to provide information about the date'when the disk
tially recorded and to identify each recorder that has recorded individual Clusters ofi'the dlisk. The
pf the Primary PAC Cluster shall be formatted as depicted in Figure 95.
Data Frame ir? thzoFsrlgomne Content Number of bytes
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4t07 PAC-Update Count 4
0 8 to 11 Unknown-PAG-Rules 4
0 12 Unknown-PAC Entire_Disk_Flags 1
0 13to 14 Reserved 2
0 15 number of Segments 1
0 16 to 23 Segment 0 8
0 24 to 31 Segment_1 8
0 32 to 263 : 29 x8
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.t0-389 number of Recorder ID entries 2
0 390 to 393 Year/Month/Date of initial recording 4
0 394 Re-initialization RID_Tag # 1
0 395 to 511 Reserved 117
0 512 to 639 Recorder ID for RID_Tag 01h 128
0 640 to 767 Recorder ID for RID_Tag 02h 128
0 768 to 895 Recorder ID for RID_Tag 03h 128
0 1920 to 2 047 : 128
1 0to 127 Recorder ID for RID_Tag xxh 128
15 1920 to 2 047 Recorder ID for RID_Tag FCh 128
16 0to 2047 Reserved 2048
31 0to 2047 Reserved 2048
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The PAC-Update Count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only, and shall be incremented by one each time
the current PAC is re-written.

The Unknown-PAC Rules shall be set as shown in Figure 96.

Control Mandatory

Area Bits type setting
b3q to bas Reserved 0000 0000

bas3 write ZERO

R d 8

eserve bos read ZERO
b21 write ONE

R d7

esenve bo read ZERO
INHO 2 -

Reserved 6 b1g write ONE
b1g read ZERO
bq7 write ZERO

R

eserved 5 bre read ZERO
. b15 write ZERO

INFO 1 D A
° rive Area bra read ZERO
bqs write ONE

R

eserved 3 b1z read ZERO
b11 write ONE
INFO 1 R d 2
eserve bao read ZERO
bg write ONE
Reserved 1 be read ZERO
DMA Zones (not including the .
INFO[1,2,3,4 DDS: see 22.2) b, write ZERO
b Reserved unless otherwise
6 specified by the Application
bs write ZERO
INFO1,2,3,4 Control-Data' Z
ontrol-Data’ Zones be road ZERO
bs write ZERO
Data fZones User-Data Area / Segments b, road ZERO
b, write ZERO
INFO |l and 2 PAC Cluster be road ZERO
Figure 96 — Bit assignments for Unknown-PAC Rules for Primary PAC
The Unknownk i i indi -initializati isk lis

allowed if this PAC is Unkngwn to_the drive and there are no other mechanisms blocking Re-initialization.
The number of Segments shall be set to 00h.
The Segment_i fields shall be set to all 00h.

The Known-PAC Entire_Disk_Flags byte shall be set to 00h to indicate Re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking Re-
initialization.

The number of Recorder ID entries field shall specify the number (<252) of 128-byte Recorder IDs
contained in bytes 512 to 2 047 of Data Frame 0 and bytes 0 to 2 047 of Data Frames 1 to 15. The maximum
number of available locations is 252 (see also description at Recorder ID for RID_Tag xxh).
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The Year/Month/Date of initial recording fields shall indicate the year (4 digits BCD), the month (two digits
BCD) and the date (two digits BCD) when the very first recording on this disk was made. If a drive is not able
to correctly set this field, these bytes shall be set to 00h.

The Re-initialization RID_Tag # shall specify the Recorder-ID Tag number of the recorder that last
Initialized/Re-initialized the disk.

The Recorder ID for RID_Tag xxh fields shall contain the 128-byte drive signatures of all recorders (up to a
maximum of 252) that have made any recordings on this disk. Such drive signatures shall be entered
according to the following format (see 18.3.13.2):

— 48 bytes for the Manufacturers name, represented by characters from the ISO 646 character set;

— 48 bytes of additional identification, represented by characters from the ISO 646 charactenset;

— 32 bytes for a unique serial number of the drive.

The firgt time a recorder writes data to a disk, it shall add its Recorder ID to this list. There shall pe no
duplicgte entries and new entries shall only be appended to the end of the list. This list shall not|be sorted or
changdd in any other way, since the relative location of each entry determines.the RID_Tag valye (see

Figure [95) assigned to each specific recorder. After all available RecorderD fields have been used, recorders
whose|Recorder ID can not be registered in the PAC anymore, shall use-the RID_Tag value FFh.

The RID_Tag value assigned to a specific recorder shall be recorded in the Address Units as degfined in
13.9.2.8 to indicate that the Cluster has been recorded by thatxecorder.
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21.5 Disk Write-Protect PAC Cluster (optional)

The Disk Write-Protect (DWP) PAC Cluster is optional and can be used to protect a disk against unintended
write actions or write actions by unauthorized persons. For the latter purpose, a password can be included. If
a valid DWP PAC Cluster exists on the disk, products that understand the PAC shall follow the rules indicated
by the WP control bits, else they shall follow the Unknown-PAC Rules. The layout of the DWP PAC Cluster

shall be formatted as depicted in Figure 97.

.Byte position Content
Data Frame | in Data Frame Number of bytes

Q Qto 2 PAC 1D 3

@ 3 PAC format 1

@ 4t07 PAC-Update Count 4

@ 8 to 11 Unknown-PAC Rules 4

d 12 Unknown-PAC Entire_Disk_Flags 1

@ 13 to 14 Reserved 2

@ 15 number of Segments 1

@ 16 to 23 Segment 0 8

@ 24 to 31 Segment_1 8

@ 32 to 263 : 29x8
@ 264 to 271 Segment_31 8

@ 272 to 383 Reserved 112
d 384 Known-PAC Entire_Disk_Flags 1

@ 385 to 387 Reserved 3

@ 388 WP control byte 1

@ 389 to 395 Reserved 7

@ 396 to 427 WP password 32

@ 428 to 2 047 Reserved 1620
1 0to 2047 Reserved 2048
3 0 to:2.047 Reserved 2048

Figure 97 — Layout of DWP PAC Cluster
The PAC_ID shall be’set to 44 57 50h, representing the characters “DWP”.

The PAC-format field shall be set to 00h, to indicate this is a DWP PAC Version zero.

The PAC-Update Count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each time
the current PAC is re-written.
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The Unknown-PAC Rules shall be set as shown in Figure 98.

ISO/IEC 30192:2016(E)

Control Mandatory
Area Bits type setting
b3q to bas Reserved 0000 0000
bas write ZERO
R d8
eserve b2 read ZERO
b21 write ONE
R d7
eserve b2o read ZERO
INFO 2 b " ONE
Reserved 6 19 wrire
Dis read ZERO
b4z write ZERO
R
eserved 5 bre read ZERO
. b15 write ZERO
INFO 1 D A
© rive Area bra read ZERO
b1z write ONE
R
eserved 3 bra réad ZERO
b11 write ONE
INFO 1 R d?2
eserve b1o read ZERO
bs write ONE
Reserved 1 bs read ZERO
DMA Zones (not including the ;
INFO 1,2,3,4 DDS: see 22.2) b, write ZERQ/ONE
b Reserved unless othefwise
6 specified by the Appli¢ation
bs write ZERQ/ONE
INFO 1,2,3,4 | Control Data Z
ontrol Data Zones bs road ZERO
b; write ZERQ/ONE
Data Zones User-Data Area/Segments b, road ZERO
b, write ONE
INFO 1 and 2 | PAC Clust
an Hster bo read ONE

Bits by

The U:L
allowe

Figure 98 — Bit assignments for Unknown-PAC Rules for DWP PAC

be, bs andbs'shall be set to ZERO if bit by of the WP control byte is set to ZERO (WP off
be, bs gnd b; shall)be set to ONE if bit by of the WP control byte is set to ONE (WP on).

knmown-PAC Entire_Disk_Flags byte shall be set to 01h to indicate Re-initialization of

if\this PAC is Unknown to the drive

) and bits by,

tre disk is not

The number of Segments shall be set to 00h.

The Segment_i fields shall all be set to all 00h.

The Known-PAC Entire_Disk_Flags byte shall be set to 00h to indicate Re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking Re-
initialization.

© ISO/IEC 2016 — All rights reserved

135


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

The WP control byte shall specify the allowed and required actions (see Figure 99).
Bits by to b;: These bits shall be Reserved.
Bit b,: WP with/without password (PWD).

— If set to ZERO: no checking of the password is needed.

— If set to ONE: in case bit by is set to ONE, to indicate that the write protection is switched on,
host-initiated write actions shall only be allowed if the password supplied by the host matches
with the password contained on the disk.

Bit by: method of write protection,

If set to ZERO: Virtual WP: after executing the required actions as specified in Figure 99, host-
initiated write actions shall be executed without changing the write-protection settings on the disk.

If set to ONE PhyS|caI WP: after executing the reqmred act|ons as specmed |n Figure 99, host-
e write

ions are

et to ONE: write protection is switched on (WP on), meaning that all write“actions initiirted by
the| host shall be blocked by the drive; writing of User Data is only allowed’after execufing the
required actions as specified in Figure 99.

If the write protection is switched on, re-initializing the disk shall not be allowed.

The WP contrgl byte shall only be changed after executing the required actions as specified in Figure 99.

The WP password can consist of up to 32 characters from the ISO 646 character set. Trailing bytes not used
shall be set to POh. The WP password shall never be transferred outside the drive.

If all bytes of the WP password field are set to 00h, then the WR password feature is inactive and bit b, jof the
WP control byte shall be set to ZERO.

If the WP password field is set to all FFh, then the disk.is permanently write protected and further host-ipitiated
write actions op the disk shall not be allowed. Bits by{/lb; and b, of the WP control byte shall be set to 11[1.

WP contrgl Status Actions
by | by | Ho For writing data Fogifshg??gggp\;\gzxg?;”'
O[O0 0 no PWD/virtual/WP off Allowed Allowed
ol o no PWD/vikual/WP on Allowed after confirmation | Allowed after confirmation
by the host by the host
o110 no PWD/physical/WP off Allowed Allowed
Allowed after confirmation Allowed after confirmation
0|1 no:PWD/physical/WP on by the host and changing b
y the host
to WP off
Allowed after confirmation
11010 with PWD/virtual/WP off Allowed of the password supplied
by the host
Allowed after confirmation | Allowed after confirmation
11011 with PWD/virtual/WP on of the password supplied | of the password supplied
by the host by the host
Allowed after confirmation
11110 with PWD/physical/WP off | Allowed of the password supplied
by the host
_ . 'g‘}!l(;;veedp:;tse\zloiznzzn;zﬂgg Allowed after confirmat!on
11111 with PWD/physical/WP on b . of the password supplied
y the host and changing by the host
to WP off y the hos
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Figure 99 — Status and allowed actions defined by Write-control bits

© ISO/IEC 2016 — All rights reserved



https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

21.6 1S1 and IS2 PAC Clusters

ISO/IEC 30192:2016(E)

The 1IS1 PAC and IS2 PAC may be recorded on a disk. When BCA code is not recorded on a disk, 1S1/IS2
PAC structures shall be recorded in INFO1/PAC1 and INFO2/PAC2 before being shipped. When BCA code is
recorded on a disk, IS1/1S2 PAC structures shall not be recorded.

The layout of the IS1 PAC and 1S2 PAC Cluster shall be formatted as depicted in Figure 100.

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_Flags 1

0 13 to 14 Reserved 2

0 15 number of Segments 1

0 16 to 23 Segment_0 8

0 24 to 31 Segment_1 8

0 32 to 263 : 29 x8
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 2047 Reserved 2048
31 0to 2 047 Reserved 2048

Figure 100 —.General layout of IS1 and 1IS2 PAC Clusters

The PAC_ID shall be set to 49 53-34h, representing the characters “IS1” for IS1 PAC. The PAC]_ID shall be
set to 49 53 32h, representing the‘characters “IS2” for IS2 PAC.

The PAC-format field shalkbe set to 00h for both PACs, to indicate this is Version zero.

The PAC-Update Count shall be set to 00 00 00 00h for both PACs.

The Unknown-PAC Rules shall be set to 00 AA 2A 00h for IS1 PAC and shall be set to 00 AA RPA CBh for IS2

PAC.

The Unknown-PAC Entire Disk Flags hyte shall be setto 01h for IS1 PAC and shall be set td 00h for IS2

PAC.

The number of Segments shall be set to 00h for both PACs.

The Segment_i fields shall be set to all 00h for both PACs.

The Known-PAC Entire_Disk_Flags byte shall be set to 01h for both PACs

© ISO/IEC 2016 — All rights reserved
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22 Disk Ma

22.1 General

nagement

Disk Management defines and controls method of recording data on the disk including Defect Management
data. Defect Management is used to solve problems related to areas on the disk that may have become

defective or un

reliable through damage or contamination.

Depending on the Application and/or the applied File System, Defect Management can be handled by the

drive or by the

File System.

In the Defect L

defects cq

unreliable
the allocat

22.2 Disk-Ma

22.2.1 Gen

A Disk-Manag
Disk-Definition|
Defect List cor

Whenever a di

All 4 occurreng
same informat
Zones shall be
failures. After
and all DFL-Uq
Terminator) sh

DMS on an SL

On an SL disk

st, The Tollowing two types of defects can be distinguished:
lled NRD which stands for Non-Re-allocatable Defect;

areas on the disk, called PBA which stands for Possibly Bad Area. Before using such a F
ion of data, the reliability of the area should be checked.

nagement Structure (DMS)
bral

ement Structure is made up of a Disk-Definition Structure (DDS) and a Defect List (DF
Structure consists of one Cluster that shall be repeated 4 times for robustness reasor]
sists of 4 consecutive Clusters on an SL disk and 8 gonsecutive Clusters on a DL disk.

5k leaves a recorder, all DMS shall correctly reflect the current status of the disk.

es of the DMS, recorded in the DMA Zonés:in the Inner and Outer Zone(s), shall contain

updated in the order DMA 1, DMA 2,"DMA 3, DMA 4 for ease of handling possible powe
uch an update, all DDS Update:Counts (see 22.2.2, byte 4 of Data Frame 0) shall be the
date Counts (see 22.2.4, byte'4 of Data Frame 0 / Cluster 0 and 22.2.5, Defect-List
all be the same.

disk
the DMA Zones. consist of 32 consecutive Clusters as indicated in Figure 101.

Tracking direction

PBA for

). The
s. The

the

on, except for the First PSN of Defect List (see 22.2.2, byte 24 of Data Frame 0). The DMA

r-down
same

Layer LO Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32
Figure 101 — Clusters of DMA Zones on SL disk
The DDS shall always be recorded in the first 4 Clusters of each DMA Zones.
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The DFL is recorded initially in Clusters 5 to 8 of each DMA Zone. Whenever any of the 4 Clusters of the DFL
in a DMA Zone starts to become unreliable, the complete DFL is moved to the next 4 Clusters of the DMA

Zone concerned (see Figure 102). The position of the valid DFL is indicated in the DDS.

Cluster 1to 4

DDS (four repetitions)

Cluster5t0 8

First position of DFL

Damaged DFL

Cluster 9 to 12 Second position of | Valid DFL
DFL

Cluster 13 to 16 Third position of DFL Empty

C:UDtUI 29 tU 32 SUVUI Ith }JUOItIUII Uf EIII'Jty

DFL

DMS on a DL disk

Figure 102 — Example of DMA Zone on SL disk

ndicated in

ters of the
sters of the

On a DL disk, the DMA Zones consist of 64 Clusters divided over the two Recording Layers as
Figure [103.
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 103 — Clusters of DMA Zones on DL disk
The DIPS shall always be recorded in the first 4 Clusters of each DMA Zone. The next 4 Clusters are
Resenrved.
The DKL is recorded initially in Clusters 9 to 16 of each DMA Zone. Whenever any of the 8 Clus
DFL infa DMA Zone starts to become unreliable, the complete DFL is moved into the next 8 Clu
DMA Zone concerned (see Figure 104). The position of the valid DFL is indicated in the DDS.
Cluster 1to 4 DDS (four repetitions)
Cluster 5t0 8 Reserved
Cluster 9 to 16 First position of DFL Damaged DFL
Cluster 17 to 24 Second position of | Valid DFL
DFL
Cluster25-to-32 Fhire-position-of-BHE Empty
Cluster 57 to 64 Seventh position of | Empty
DFL
Figure 104 — Example of DMA Zone on DL disk
22.2.2 Disk-Definition Structure (DDS)

The DDS specifies the format and status of the disk with respect to the Disk Management. The format of the
DDS is defined in Figure 105.

© ISO/IEC 2016 — All rights reserved
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Data Frame ir?)g(aatzolzsllgﬁwne Content NUS;/ ?:Sr of
0 Oto1 DDS identifier 2
0 2 DDS format 1
0 3 Reserved 1
0 4t07 DDS-Update Count 4
0 81to 15 Reserved 8
0 16 to 19 First PSN of Drive Area 4
0 20 to 23 Reserved 4
0 24 to 27 First PSN of Defect List 4
0 28 to 31 Reserved 4
0 32to 35 Location of LSN 0 of User-Data Area 4
0 36 to 39 Last LSN of User-Data Area 4
0 40 to 51 Reserved unless otherwise specified by the 12
Application
0 52 Flag A 1
0 53 Reserved 1
0 54 Reserved unless otherwise specified by the 1
Application
0 55 Reserved 1
0 56 to 59 Reserved unless otherwise specified by the 4
Application
0 60 to 63 Resetved 4
0 64 to 71 Status bits of INFO1/PAC1 locations on Layer LO 8
0 72t0 79 Status bits of INFO2/PAC?2 locations on Layer LO 8
80 to 87 Status bits of INFO1/PAC1 locations on Layer L1 8
88 to 95 Status bits.of INFO2/PAC2 locations on Layer L1 8
0 96 to 2 047 Reserved 1952
1 0to 2047 Reserved 2048
31 0to 2 047 Reserved 2048
Figure 105 — Format of DDS
The DDS Identifier shall be'set to 44 53h, representing the characters “DS”.
The DDS forniat field-shall be set to 00h, identifying a DDS.
The DDS Update Count shall specify the total number of update operations of the DDS. This field shall be set

to 00 00 00 00h during the first format operation only and shall be incremented by one each time the DDS is
re-written.

The First PSN of Drive Area field shall specify the first PSN of the first Cluster of the pair of Clusters that
contains the Drive-specific Information Frames.

If the Drive Area is unrecorded, this field shall be set to 00 00 00 00h.

The First PSN of Defect List field shall specify the first PSN of the Defect List in the DMA Zone containing
this particular DDS.

The Location of LSN 0 of User-Data Area field shall specify the PSN of the first User Data Frame in the first
Cluster after the Lead-in Zone. This field shall be set to 00 10 00 00h unless otherwise specified by the
Application.

140
© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

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
01 74 E7 FFh for DL disks unless otherwise specified by the Application.

The 8-bit Flag A field specifies the status of an SL disk or a DL disk. This byte shall be set to 03
and OFh on DL disks unless otherwise specified by the Application.

SL disks and

h on SL disks

The Status bits of INFO1/PAC1 locations on Layer L0 field shall specify the recording status of all 32
Clusters in the INFO1/PAC1 Zone on Layer LO (see Figure 106). The bit pairs shall be set as defined in 21.3.

Byte position Bits INFO1/PAC1 location PAA
64 brbg 84-++F-86hk
64 bs b, 01 FF 84h
64 b; b, 01 FF 88h
64 b4 by 01 FF 8Ch
65 b7 b 01 FF 90h
70 b4 by 01-FF-ECh
71 b; bg 09 FF FOh
71 bs b4 01 FF F4h
71 b3 b 01 FF F8h
71 b4 be 01 FF FCh

Figure 106 — Status bits and related INFO1/PAC1 address locations on Layer

The Stptus bits of INFO2/PAC2 locations on Layer L0 field shall specify the recording status

LO

of all 32
fined in 21.3.

Clusters in the INFO2/PAC2 Zone on Layer LOY(see Figure 107). The bit pairs shall be set as dg
Byte position Bits INFO2/PAC2 location PAA
72 b7 b 01 BA 00h
72 bs b, 01 BA 04h
72 bs b, 01 BA 08h
72 b4 by 01 BAOCh
73 b7 be 01 BA 10h
78 b1 by 01 BA6Ch
79 b7 b 01 BA70h
79 [ 01 BA 74h
79 bs b, 01 BA 78h
79 b4 by 01 BA7Ch

Figure 107 — Status bits and related INFO2/PAC2 address locations on Layer

© ISO/IEC 2016 — All rights reserved

LO

141


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

The Status bits of INFO1/PAC1 locations on Layer L1 field shall specify the recording status of all 32
Clusters in the INFO1/PAC1 Zone on Layer L1 (see Figure 108). The bit pairs shall be set as defined in 21.3.

Byte position Bits INFO1/PAC1 location PAA
80 b7 be 3E 00 00h
80 bs by 3E 00 04h
80 bs b, 3E 00 08h
80 b1 b 3E 00 0Ch
81 b7 be 3E 00 10h
86 b1 b 3E 00 6Ch
87 b7 be 3E 00 70h
87 bs by 3E 00 74h
87 bs b, 3E 00 78h
87 b1 bo 3E 00 7Ch

FiTure 108 — Status bits and related INFO1/PAC1 address locations on Layer L1

The Status bifs of INFO2/PAC2 locations on Layer L1 field shall specify the’recording status of all 32
Clusters in the|INFO2/PAC2 Zone on Layer L1 (see Figure 109). The bit pairs shall be set as defined in[21.3.

Byte position Bits INFQ2/PAC2 location PAA
88 b7 b 3E 45 80h
88 bs b4 3E 45 84h
88 bs b, 3E 45 88h
88 b1 by 3E 45 8Ch
89 b7 b 3E 45 90h
94 b1 by 3E 45 ECh
95 b7 b 3E 45 FOh
95 bs b4 3E 45 F4h
95 bs b, 3E 45 F8h
95 b1 by 3E 45 FCh

Figure 109.— Status bits and related INFO2/PAC2 address locations on Layer L1
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22.2.3 Defect List (DFL)

ISO/IEC 30192:2016(E)

The first of the 4 or 8 Clusters constituting the DFL contains a Defect-List Header followed by a List of

Defects. The List of Defects shall be terminated by a Defect-List Terminator.

The DFL shall be composed as shown in Figure 110.

Cluster Start Byte position Content
number/ in Data Frame Number of bytes
Data Frame
0/0 0 Defect-List Header 64
0/0 64
: List of Defects 65 472
D/31
1/0 0
: List of Defects 65 536
1/31
K/0 0
: List of Defects nx8
nx8 Defect-bist Terminator 8
: (n+1)x8 set 00h
K/31
K =B on an SL disk and K =7 on a DL disk

Figure 110 — Format of DFL

The Dgfect-List Header (DLH) identifies the Defect List and contains information about the conpposition of the
List of Pefects (see 22.2.4).

The List of Defects contains.a list of Clusters determined to be defective during use of the media (see

22.2.5)

The Defect-List Terminator closes the List of Defects and shall be written immediately following the actual
last enfry in the List-of Defects. The Defect-List Terminator can be located in any of the 4 (SL digk) or 8 (DL
disk) Clusters constituting the DFL, depending on the number of entries in the List of Defects. Al remaining
bytes fpllowing the Defect-List Terminator shall be set to 00h.

22.2 4 —Defect-List Header{DtH)

The format of the DLH is defined in Figure 111.

The DFL Identifier shall be set to 44 4Ch, representing the characters “DL”.

The DFL format field shall be set to 00h, identifying a DFL.

The DFL-Update Count shall specify the total number of update operations of the Defect List. This field shall
be set to 00 00 00 00h during the first format operation only and shall be incremented by one each time the

DFL is re-written.

© ISO/IEC 2016 — All rights reserved
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The number of DFL entries shall indicate the total number of entries in the DFL and shall be N_DFL = No.
of NRD + No. of PBA, unless otherwise specified by the Application.

For an SL disk: N_DFL <32 759

For a DL disk: N_DFL < 65 527

Cluster Byte position Content
number/ in Data Frame Number of bytes
Data Frame
0/0 Oto1 DFL identifier 2
0/0 2 DFL format 1
0/0 3 Reserved 4
0/0 4t07 DFL-Update Count 4
0/0 8to 11 Reserved 4
0/0 12t0 15 number of DFL entries (N_DFL) 4
0/0 16 t0 19 Reserved unless otherwise 4
specified by the Application
0/0 20 to 23 number of NRD entries 4
0/0 24 to 27 Reserved unless otherwise 4
specified by the Application
0/0 28 to 31 number of PBA entries 4
0/0 3210 35 Reserved unless otherwise 4
specified by the Application
0/0 36 to 63 Reserved 28

Figure 111 — Format'of DLH

The number af NRD entries shall specify the total number of NRD entries in the DFL.
The number off NRD entries is a variable number that’can be changed during the use of the disk.

The number gf PBA entries shall specify the total number of PBA entries in the DFL.
The number off PBA entries is a variable number that can be changed during the use of the disk.

22.2.5 List pf Defects
The format of the List of Defects lis shown in Figure 112.

The DFL entrips shall be fermatted as specified in 22.2.6. DFL entries consist of 8 bytes and are recorged
contiguously, gven across{the borders of Data Frames and Clusters.

The Defect-List Terminator (DFL Terminator) shall be composed of the following two 4-byte parts:
— the first 4 pytes shall be set FF FF FF FFh;

— the second 4 bytes shall be equal to the DFL-Update Count in the header of the DFL (can be used to
check the validity of the Defect List at power-down failures).
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Cluster "
number/ St_art Byte position Content Number of
in Data Frame bytes
Data Frame
0/0 64 DFL entry O 8
0/0 72 DFL entry 1 8
0/0 ix8+64 DFL entry i 8
0/0 2032 DFL entry 246 8
0/0 2040 DFL entry 247 8
0/1 0 DFL entry 248 8
0/1 8 DFL entry 249 8
0/1 2040 DFL entry 503 8
0/n 0 DFL entry n x 256 — 8 8
0/31 2040 DEL entry 8 183 8
m/0 0 DFL entry mx 8 192 - 8 8
m/0 jx8 DFLentry mx 8192 -8+ 8
m/0 2040 DFL entry m x 8 192 — 8 + 255 8
m/1 0 DFL entry m x 8 192 — 8 + 256 8
mi1 20040 DFL entry m x 8 192 — 8 + 511 8
min 0 DFL entry m x 8 192 + n x 256 — 8 8
m/31 2040 DFLentrymx 8192 +8191-8 8
avig) fN—DFt= — DFtentry(INDFE=1) 8
(K=m) —nx 2048 — K x 65 536]
Kin [N_DFL % 8 + 64 DFL terminator 8
—nx 2048 — K x 65 536]
Kin [(N_DFL +1)x 8 + 64
—nx2048 — K x 65 536] set to 00h "
Ki(n +1) 0 set to 00h 2048
to K/31

K =3 on an SL disk and K=7 on a DL disk

Figure 112 — Format of List of Defects
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22.2.6 DFL Entries

Each DFL entry shall be formatted as shown in Figure 113. The bytes of the DFL entry are converted into a
64-bit sequence with the msb’s first.

The List of Defects shall be sorted in ascending order as if each entry were a single 64-bit unsigned integer of
which the msb is ignored (always supposed to be ZERO), which means that first sorted by Status 1, and
within Status 1 by Defective Cluster first PSN, and within Defective Cluster first PSN by Status 2, and within
Status 2 by number of successive Clusters.

byte O/bit 7.4 | byte O/bit3.0 andbyte 1t03 | byte 4/bit7.4 | byte 4/bit 3..0 and byte 5 to 7
of DFL emtt Y f of BFt—et |t|y f of BFt—et |t|y f of BFt—entt Y f
b53 .. b31 .-
b . b b . b
bBO 59 32 b28 27 0
Status|1 Defective Cluster first PSN Status 2 Number of successive Clusjers

Figure 113 — DFL entry format

The Defective|Cluster first PSN shall identify the PSN of the first Physical Sectorofthe Cluster to be
indicated. Only the 28 least-significant bits of the PSN shall be stored in bits bsg~\D32 (the 4 most-significant
bits are discargled). Each Defective Cluster shall appear only once in the List/of Defects.

The number df successive Clusters field shall indicate the number of successive Clusters covered byl the
possibly bad afea (the value 0 00 00 00h indicates that the number of\unreliable Clusters is unknown) when
Status 1 field i$ set to 0100 (see Figure 114). When Status 1 field‘is not set to 0100, this field is Reservéd
unless otherwige specified by the Application.

The Status 1 field shall indicate the status of the entry ascshown in Figure 114.

Status 1 Type Definition

0001 NRD The entry identifies a defective location.

The entry identifies an area on the disk that might be defective and has|to
be checked:The Defective Cluster first PSN shall identify the PSN of the
first Physical Sector of the first Cluster related to an error event.

PBAstshall not include any NRD locations.

0100 PBA

Other

settings Reserved unless-otherwise specified by the Application

Figure 114 — DFL-Entry Status 1 definition

The Status 2 fiield shall indicate the status of the entry as shown in Figure 115.

Status 2 Befinitien

0000 This (default) setting shall be used if none of the following settings is valid.

0100 (Only allowed in combination with Status 1 = 0100 unless otherwise specified by the
Application.)

The Clusters do not contain any relevant User Data. During Read-Modify-Write actions
the content of such Clusters can be discarded (related status bits Sa;;/Sa;o at new
location can be set to 11).

If the Clusters covered by a PBA might contain valid User Data, the Status 2 of such a
PBA shall be set to 0000.

other

settings Reserved unless otherwise specified by the Application

Figure 115 — DFL-Entry Status 2 definition
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23 Assignment of Logical-Sector Numbers (LSNs)
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Logical-Sector Numbers shall be assigned contiguously over all Clusters available for the storage of User
Data starting from LSN 0 and increasing by one for each successive User Data Frame (see Figure 116).

Unless otherwise specified by the Application, LSN 0 is assigned to the first User Data Frame in the first
Cluster after the Lead-in Zone (at PSN = 1 048 576).

The last LSN on Layer LO is equal to 8 x LAA + 15— 1 048 576 and is assigned to the last User Data Frame in
the last Cluster before the Lead-out Zone/Outer Zone 0 (at PSN = 8 x LAA + 15 = X).

The firg

Data Ffame in the first Cluster after the Outer Zone 1 (at PSN = 8 x FAA = X +FE 0000 00h+.

The lagt LSN on Layer L1 is equal to 16 x LAA + 31 — 2 097 152 and is assigned to thel last Use

in the last Cluster before the Lead-out Zone (at PSN = 01 EF FF FFh).

Outer

o-the first User

r Data Frame
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Inner Outer Inner
Layer LO . .
- adius }l\ radius radius Law L1 radius
5 7 / N
-l
T 1
User-Data Area | .\ = L]
User-Data Area
S Uead-in Outer Outer Lead-out
o
o | Zone Zone 0 . Zone 1 Zone
S f —
o " PSN
00 10 00 00h X X +FE 00 00 00h 01 EF IFF FFh
Figure 116 — Assignment of Logical-Sector Numbers
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24 Charact

eristics of Grooved Areas

The signal values specified in Clause 24 to Clause 28 are valid for all disk capacities, unless specified

otherwise.

In this Internati

In Clause 25 tq
format of the G

All requiremen
of other Recor
Embossed HF
Quter Zone(s)

onal Standard, the following two types of signals are distinguished:

signals generated by the Groove structures on the disk;

signals generated by User-written Marks.

ool 20 +1 H 1 tod b YN o £ 4 Adaf: <l <l Fiadl Lk
wIdUOT LU T olylidio YtlTICTdITU Uy U UTUUVE SotTULiUTCo Adirc UtTinicu ariu op T uUIicuUu (Ut

rooves has been defined in Clause 15).

[s in Clause 25 to Clause 28 shall be fulfilled in all layers independent of the regording st
ling Layer (whether unrecorded, recorded or partially recorded) from the innerradius of {
M Area(s) (start/end of the PIC Zone) at nominal radius 22,4 mm up to thelinner radius o
+ 20 um (dpzo/2 + 20 um). It is recommended that the requirements are also fulfilled in th

remainder of the Outer Zone(s).

25 Method
25.1 General

When measuri
defects might

25.2 Environ

All signals sha
as defined in 8

25.3 Referen
25.31 Gen

All signals sha
in Annex H.

25.3.2

The read pows
0,35+ 0,1) m

25.3.3

The drive shall

of testing for Grooved Area

hg the signals, the influence of local defects, such as dust and scratches, are excluded. |

ment

| be within their specified ranges if thedisk is in its range of allowed environmental condi
L1.1.

ce drive
bral

| be measured in-the appropriate channels of a Reference drive as specified in Clause 9

Readl power

r is the optical power incident on the Entrance surface of the disk. The read power shall

ause tracking errors, erroneous ADIP information or uncorrectable Data (see Clause 34].

Atus
he

the
e

| ocal

lions

and

(\V\foran SL disk and (0,70 £ 0,1) mW for a DL disk.

Read channels

have two read channels as defined in 9.5 and 9.6.

The HF signal from the HF read channel shall not be equalized, except when measuring jitter (see Annex H).

For measurement of the Push-Pull signals, the radial PP read channels shall be filtered by a first order LPF

with f—SdB =30

kHz.

For measurement of the wobble signals, the radial PP read channels shall be filtered by a first order LPF with

f—3dB =8 MHz.

148

© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

2534
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Tracking requirements

During measurement of the signals, the axial tracking error between the focus of the optical beam and the
Recording Layer shall be maximum 55 nm, and the radial tracking error between the focus of the optical beam
and the centre of the Track shall be maximum 16 nm.

25.3.5

Scanning velocity

The actual rotation speed of the disk shall be such that it results in an average Channel-bit rate of

66,000

Mbit/s or an average wobble frequency of 956,522 kHz.

25.4 Ij[eh»ﬂqe%et-é@«bis iti i
The amplitudes of all signals are linearly related to currents through a photodetector and therefa

related
Some

This to

e

to the optical power falling on the detector.
bignals are normalized relative to the total detector current in an Unrecorded, Grooved An

al detector current is referred to as

=(h+ Iz)groove-

Push-Rull signal:

The Pu
channsg
used b

sh-Pull signal is the Low-Pass Filtered sinusoidal difference signal (/1 — /;) in the radial P
| (see Figure 8), when the focus of the optical beamrcrosses the Tracks. The Push-Pull s
y the drive for radial tracking (see Figure 117).

In gengral, the difference signal (/;— /) is normalizeéd relative to the Low-Pass Filtered total det

(h+1l2)

P,

. The peak-to-peak value of this real-time normalized Push-Pull signal is defined as follo

i {M} 55T2) 0, (h=T2)y,

peak-peak : (/1 * )at ty (/1 +13 )at tq

re linearly

P read
ignal can be

bctor current
VS:
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detect
curren . .
(I + 1) \/ |
sum signal : !
: (Il - IZ)max :
! |
! |
0 | |

(/1 - IZ) t]_ : tZ : ' , \
difference signal ! : (r‘?i(rjrllael position
(Il - IZ)min : :
on Track on-Track
Figure 117 — Definition of Push-Pull signals
Wobble signal

The wobble signal g is the peak-to-peak value of the sinusoidal difference signal (/41— I2) in the radial PP
read channel (see Figure 8), when the focus of the optical beant follows the Tracks according to 25.3.4)See
also Annex M gnd Annex E for a measurement method.

The signal shall be normalized by the peak-to-peak value of the Push-Pull signal (/1 — 1) pp:

NWS = Wep__
(l1_l2)pp
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26 Signals from HFM Grooves

26.1 Push-Pull signal

The peak-to-peak value of the real-time normalized Push-Pull signal (PPhorm nuem) Shall meet the following

require

ments:

in the Embossed HFM Areas 0,26 < PPnorm,uem < 0,52.

26.2 HFM Wobble signal

The N
centrel
shows

At locations where the HFM wobble signal shows minimum amplitudes due to the wobble beat,

Norma

At locations where the HFM wobble signal shows maximum amplitudes dué to'the wobble beat,

Norma
NOTE
signific]
Annex

26.3

The binarized HFM wobble signal from the HFM Grooves represents the Embossed HFM inforn

PIC Zo
measu

Both th
The jitt
— ad
— Nd

— Nndg

rmalized HFM-wobble Signal is a measure of the deviation of the Groove Track from 15
ne. Due to interference with the wobbles of adjacent Tracks, the amplitude of the HFM'w
A variation (called “wobble beat”).

ized HFM-Wobble Signal (NHWS) shall be: 0,30 S NHWSin < 0,6

ized HFM-Wobble Signal shall be: NHWShax £ 3 x NHW
Because the shape of the HFM-Wobble Signal detected in the Embossed HFM

antly from the wobble signal in the Rewritable Areas, thé measurement procedure a
E is not suitable for measuring these HFM-Wobble Signals.

itter of HFM signal

ne. The jitter of the leading edges and the'jitter of the trailing edges of this binarized sign
red separately relative to a PLL clock.

e leading-edge jitter and the trailing-edge jitter shall be <4,5 %.
br shall be measured under.the following conditions:

coupling (High-Pass Filter): first order, f_3qg = 10 kHz;

equalization;

rmalized by“48T clock period (see 15.5.4.2).

verage
obble signal

he
D.

the
Smin-

Areas differs
5 described in

ation in the
bl shall be
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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 (PPhorm) Shall meet the following
requirements in each Layer:

DD o 4L
= I"'T"norm,unrec- = Y,7J,

1 alaal A Lall Hp— H I 1 alaal) o..24
— in Unrecorded-Areas {amrnetgnoormg—Trackstmrecoraea): \vpren

— maximum|variation of Push-Pull signal within 150 Tracks in Unrecorded Areas:

(PPnorm,unrec)-nax _(P'Dnorm,unrec)min
(P’Dnorm,unrec)max +(P'Dnorm,unrec)min
(

<015 for SL disks;

P’Dnorm,unrec}nax B P’Dnorm,unrec)min <018 for DL disks:
(PPnorm,unrec)maX +(PPnorm,unrec)min

— maximum|variation of Push-Pull signal within one Layer in Unrecorded Areas:

(P'Dnorm,unrec )max - (PPnorm,unrec )min

<0,25;
(PPnorm,unrec)max +(PPnorm,unrec)min

— in Recordgd Areas (all neighboring Tracks recorded); 0,21 = PPnormrec < 0,45;

— ratio of avierage Push-Pull signals in Recorded and Unrecorded Areas within one Layer:

0,75 < PPromrec <125.

norm,unrec

27.3 Wobble|signal
27.31 General

The normalizefl wobble signal is a measure of the deviation of the Groove Track from its average centrgline.
The distance that the actual centre of the Wobbled Groove Track deviates from the average Track centfe line
can be calculafed actording to Annex M.

27.3.2 Meagsurement 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 < NWSpin < 0,55.

At locations where the wobble signal shows maximum amplitudes due to the wobble beat, the
Normalized Wobble Signal shall be: NWSax <3 x NWSin.

27.3.3 Measurement of wobble CNR

The narrow band SNR (or CNR) of the wobble signal after recording shall be greater than 26 dB at the
locations where the wobble signal shows minimum amplitudes.

152
© ISO/IEC 2016 — All rights reserved


https://iecnorm.com/api/?name=c5acd420b9a5fb9dc4827d23c148988e

ISO/IEC 30192:2016(E)

The carrier shall be measured at 956,5 kHz and while the noise level shall be measured at 500 kHz (see
Annex E).

27.3.4 Measurement of harmonic distortion requirements

To guarantee a minimum quality of the HMW modulation, the Second-Harmonic Distortion of the wobble
signal shall be sufficiently low compared to the Second-Harmonic Level originating from the HMW modulation.

The Second-Harmonic Level (SHL) and the Second-Harmonic Distortion (SHD) shall be determined by
measuring the fundamental wobble frequency level and the second harmonic frequency level at two locations
of the disk. Both levels shall be measured in the Data Zone and in Protection-Zone 3.

The ra‘io of the SHD and SHL, normalized to the local fundamental wobble frequency level, shall meet one of
the follpwing requirements:

— SHDI/SHL < -12 dB with zero radial tilt;
— SHDI/SHL < -6 dB within £ 0,70° of radial tilt.

The mg¢asurements shall be made using a spectrum analyzer (see Annex E):

28 Characteristics of Recording Layer

The signal values specified in Clause 28 to Clause 31 are validfor all disk capacities, unless spgcified
otherwlse.

In this |nternational Standard, the following two types ©@f.signals are distinguished:
— signals generated by Groove structures on the disk;
— signals generated by User-written Marks:

Clause 28 to Clause 31 specify a series of tests to assess the recording properties of the Recorfling Layer, as
used fqr writing data.

All reqliirements in Clause 28 to Clause 31 shall be fulfilled in all layers independent of the recofding status of
other Recording Layer (whether unrecorded, recorded or partially recorded) from the inner radids of the
Rewritable Area (start/énd of the INFO/OPC Zone) at nominal radius 23,2 mm up to the inner rddius of the
Outer Zone(s) + 20um (dpzo/2 + 20 pm). It is recommended that the requirements are also fulfilled in the
remainder of the-QUter Zone(s).
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29 Method

29.1 General

of testing for Recording Layer

The tests shall be performed in the Rewritable Areas. The write and read operations necessary for the tests

shall be made

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 Environ

All signals sha
conditions as d

29.3 Referen
29.3.1

All signals sha
Annex H.

29.3.2

The read pows
the information

29.3.3

ment

| be within their specified ranges when the disk is in its range of allowed environmental
efined in 8.1.1.

ce drive

General

| be measured in the appropriate channels of a Reference drive as specified in Clause 9

Read power

r is the optical power, incident on the Entrance surfage\of the disk and only used for reag
. The read power shall be (0,35 + 0,1) mW for an Sl disk and (0,70 £ 0,1) mW for a DL ¢

Read channels

The drive shall have two read channels as defined in 9.5 and 9.6. The HF signal from the HF read chan
shall not be equalized, except when measuring jitter (see Annex H).

2934

Tracking requirements

During the writjng and reading of the signals; the axial tracking error between the focus of the optical bg
and the Recorgling Layer shall be a maximum of 55 nm, and the radial tracking error between the focus

optical beam

29.3.5

Write tests shd
15.8.3).

During reading
rate of 66,000

d the centre of the Jrack shall be maximum 16 nm.

Scanning velocities

Il be carried’out at all velocities defined in each of the DI Units that are present on the dis

, the actual rotation speed of the disk shall be such, that it results in an average Channel

and in

ing
isk.

hel

am
of the

k (see

bit

ABitla- ok an-avaeraaae-wabbla-fraaanevwvw-of Q58 529 L LI~

') Z A\
VIO SO alm aveTragCvwOooOICTT OO CTIC Y- O 00T OZZ I\ 1S

29.4 Write conditions

2941

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:

154

the write peak power Py;

the bias write power Pgw;
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— the cooling power Pk;

— the erase power Pg (or Pgq and Pg; in case of the N-1 write strategy A, see Annex F)

which are the optical powers incident on the Entrance surface of the disk.

Marks are created by the write peak power Py , Spaces are created by the erase power Pg (or Pgq and Pgs).
The values of Py, Pgw, Pc, Pe or Peq and Pg; shall be optimized according to Annex G.

The actual powers Py, Pew, Pc, Pe or Pgs and Pg, for testing shall be within 5% of their optimum values,

where Pgw, Pc, Pe or Pgq and Pg, shall be proportional to Py according to the ratios ¢ as specified in the Disk
Information (See 15.8.3).

29.4.2| Write powers

The optimized write powers Pwo, Pewo, Pco, Peo Or Pe1o and Pgyo shall meet the conditions as ghown in
Figure [118 (values in mW).

Single-Layer disk Dual-Layer disk
1x Recording 2x Recording 1x Recording 2x Regcording
Velocity Velocity \elocity Velocity

Min. Max. Min Max. Min: Max. Min. Max.

Pwo 3,0 6,0 3,0 7,0 6,0 12,0 6,0 14,0
Pewo 0,1 4,0 0,1 7,0 0,1 8,0 0,1 14,0
Pco 0,1 4,0 0,1 7,0 0,1 8,0 0,1 14,0
Pto / Peio 0,3 4,6 0,3 5,4 0,6 9,2 0,6 10,8
Pe2o 0,3 4,6 0,3 54 0,6 9,2 0,6 10,8

Figure 118 — Write power values for Single and Dual-Layer disks at 1x and 2x Recordihg Velocity

29.4.3| Write conditions for jitter measurement

The test for jitter shall be carried out.on any group of five adjacent Tracks, designated (m —2), (m-1), m,
(m+ 1), (m+ 2) in the Rewritable_Areas of the disk.

The five Tracks are recorded consecutively with random data with a write power Py = Pwo as sgecified in

29.4.1|To measure thejitter after n overwrites [jitter @ DOW(n)], all five Tracks are overwritten |n times with
randonp data with awirite power Py = Pwo.

29.4.4| Write/conditions for cross-erase measurement

The test forcross-erase shall be carried out on any group of five adjacent Tracks, designated (m — 2), (m—1),
m, (m 1) (m + 2). in the Rewritable Areas of the disk

To initialize the measurement, the five Tracks are recorded ten times repeatedly with random data with a write
power Py = Pwo as specified in 29.4.1. After that, the initial values of the needed parameters are measured.
This initial condition is defined as the DOW(0)xe condition.

To measure the cross-erase after n overwrites [cross-erase @ DOW(n)xg], the Tracks (m— 1) and (m + 1), are
overwritten n times with Py = 1,1 x Pyo (all power levels shall be proportional to Py, see 29.4.1).

29.4.5 Write conditions for inter-velocity overwrite measurements

The test for inter-velocity overwrite shall be carried out on any group of five adjacent Tracks, designated
(m-2),(m-=1), m,(m+ 1), (m+ 2), in the Rewritable Areas of the disk.
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To initialize the measurement, the five Tracks are recorded at one of the specified Recording Velocities ten

times repeated

ly with random data with a write power Py =

Tracks shall be overwritten once at another Recording Velocity.

29.5 Definition of signals

Pwo as specified in 29.4.1. After that, the five

The amplitudes of all signals are linearly related to currents through a photodetector and therefore linearly
related to the optical power falling on the detector.

Jitter:

Jitter is the standard deviation o of the time variations of the transitions in the binary read signal. This binary

read signal is ¢
slicer (see Anr
relative to a PL

30 Signals

btained by feeding the HF signal from the HF read channel through an equalizer, a LRF

L clock and normalized by the Channel-bit clock period.

from Recorded Areas

30.1 HF signgls

The HF signal
get modulated
Recording Lay

s obtained by summing the currents of the four elements of the photodetector. These cu
by the different reflectivity of the Marks and Spaces representing the information on the
er (see Figure 119).

30.2 Modulated amplitude

The modulateq
Space lengths

The modulateq
Space lengths

NOTE

g =1y
A

amplitude gy, is the peak-to-peak value of the HE'signal generated by the largest Mark
The peak value /gy is the peak value of the HF signal before ac coupling.

amplitude Iy, is the peak-to-peak value'of the HF signal generated by the smallest Mar|

In the Sync patterns, run-lengths of 9F occur. However, the recurrence of these 9Ts is very |

.
L \'A\'A\\"A" N

AT AT AT AVAVAVAVAY,

VAV VAV VAVAY
@;mm

VVVVVV

ex H). The jitter of the leading edges and the jitter of the trailing edges is measured.sep3

and a
rately

rents

and

and

The 0 level is the signal level obtained’/from the measuring device when no disk is inserfed.

bw and

0 LEVEL

therefore their

influence on the HF peak-to-peak signal is negligible.

Figure 119 — Schematic representation of HF signal from Marks and Spaces

Because the I, is a relatively small signal, its amplitude can not be determined reliably from a random HF
signal. Therefore, it is recommended to record an area with consecutive 2T Marks and Spaces only and to
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record an area with consecutive 8T Marks and Spaces only. The signals can now be measured accurately
with appropriate measuring equipment.

The modulation signals shall meet the following requirements:
—  lgpp / Isn 2 0,40;
—  I3pp /lgpp 2 0,25;
lpp 1 Igpp 2 0,050 for disks with a capacity of 25,0 GB and 50,0 GB.

The variations of the modulation signals shall be

—  (Itmax — lsHmin) / lsmax < 0,33 within one layer at DOW(0) (continuously recorded), and
—  (ltmax — lsHmin) / lsmax < 0,15 within one revolution at DOW(0) (continuously recofded)
For DL{disks, the ratio between the modulation signals on Layer LO and Layer L4 shall be
—  —0,25 < (lgn,o — lsn,L1) / (lsmo * lsne) < 10,25 at DOW(0) (continuouslyrecorded)
where [su,0 and /sy, L1 are measured at the same position, both in radialiand in tangential directign.
30.3 Reflectivity-Modulation product
The reflectivity of the disk multiplied by the Modulation (= formalized /gp, modulated amplitude) shall be (see

Annex B):

I
—  RkM=R,,x (%) , with 0,050<RxM<0;15 for SL disks, and

8H

I
— RKM=R,, x(lﬂj , with 0,016 £RxM <0,048 for DL disks.

8H

The reflectivity of the disk multiptied by the /; resolution (= normalized /,5, modulated amplitude)[shall be

l
—  Rkl,= Ry, x (%) , ( Rxl,>0,0050 for SL disks with capacity of 25,0 GB, and

8H

)
—  Rkl,=Ry, x[ﬂj ,  Rxl,>0,0012 for DL disks with capacity of 50,0 GB.
/

8H

30.4 Asymmetry

The HF signal asymmetry shall meet the following requirement:

lgn+lg  lop+la

~010<| —2 2 <4015
ISpp

30.5 Jitter
The Tracks on which the jitter is to be measured, shall be recorded as specified in 29.4.3.
The jitter shall be measured on the centre Track m of the five recorded Tracks, at the Reference Velocity.

After n overwrites (0 < n < 10) of Track m, both the leading-edge jitter and the trailing-edge jitter in Track
m (measured separately) shall fulfill the following requirements:
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On an SL disk and on Layer L0 of a DL disk for all disks, independent on capacity:

and

<7,0 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,

<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.

On Layer L1 of a DL disk for all disks, independent on capacity:

and

<6,5 % wi
and the e

NOTE Not

measurement
Space/Mark, W

30.6 Cross-e

The Tracks on
overwrites (0
following requi

(I8pp/I8H

<8,5 % when measured using the circuit specified in Annex H and this circuit set to Limit-Equalizer mode,

nen measured using the circuit specified in Annex H and this circuit set to Limit-Equaliz

including edges that are adjacent to a 2T Mark or a 2T Space means.(that in th
only those edges are taken into account that are in between an nT Mark/Space and
ith bothn=3 and m = 3.

rase

which the cross-erase is to be measured, shall be recorded as specified in 29.4.4. After
n <10) of Tracks (m— 1) and (m + 1), the modulation and jitter in Track m shall fulfill the]

at DOW(n)xe

|

After n overwri
following requi

(IBDP/IBH

On an SL disk

On Layer L1 g

and

<7,0 % wi
and the e

NOTE Not

fements.
] >0,90

fes, both the leading edge jitter and the trailing edge jitter (measured separately) shall ful
rements.

at DOW(0),¢

and on Layer L0 of a DL disk*for all disks, independent on capacity:

<7,0 % when measured using the circuitspecified in Annex H and this circuit set to Limit-Equalizer

f a DL disk for all disks, independent on capacity:

<9,0 % when measured using’the circuit specified in Annex H and this circuit set to Limit-Equalizef

nen measured using the circuit specified in Annex H and this circuit set to Limit-Equalize

mode

jges that are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.

e jitter
an mT

fill the

mode.

mode,

I mode

iges that'are adjacent to a 2T Mark or a 2T Space are not included in the jitter measurement.

including_edges that _are adjacent to a 2T Mark or a 2T Space means that in th

e 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 = 3.

30.7 Inter-velocity overwrite

The Tracks on which the inter-velocity overwrite is to be measured and shall be recorded as specified in
29.4.5 for all combinations of all specified Recording Velocities.

The jitter shall be measured on the centre Track m of the five recorded Tracks, at the Reference Velocity and
shall fulfill the following requirements:

On an SL disk and on Layer L0 of a DL disk for all disks, independent on capacity:

and
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— <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.

On Layer L1 of a DL disk for all disks, independent on capacity:

— <£8,5 % when measured using the circuit specified in Annex H and this circuit set to 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.

NOTE

Not including edges that are adjacent to a 2T Mark or a 2T Space means that in the jitter

L O

measu
Space

30.8 F

Upto 1

— 0

— 0,
the dis
Upto 1
— 0,

the dis

The modulation should fulfill the following requirements (see Figure 120):

£ 1 o Al tal ot £ ot H bat -
CITTreTit Ullly aIvov UUBUD di'C WJANCTIT ITInU adoUUuUuTIt Uaidal Aare 1T vouweoeToln airr 7ri IVIGIT\IUP

Mark, with both n =3 and m = 3.
Read stability

0° successive reads from a single Track with a DC read power of

10 mW for SL disks at 1x speed reading,
14 mW for SL disks at 2x speed reading,
Y0 mW for DL disks at 1x speed reading, and
B0 mW for DL disks at 2x speed reading

shall remain within all specifications in the operating environment.
0° successive reads from a single Track with‘an HF-modulated read power (averaged) o

B0 mW for SL disks at 1x speed reading;
B3 mW for SL disks at 2x speed.réading,
50 mW for DL disks at 1x speed reading, and
Y0 mW for DL disks at\2x speed reading

shall remain withjn all specifications in the operating environment.

— mpdulation*frequency (= 1/Thr-aser) (400 + 40) MHz;
— pulse'width (300 £ 30) ps;
— ratio of peak power and average power 7,0+£0,7;

— bottom level between peaks flat.
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Light
intensity|

THF-laser

pulse width
(FWHM)

average- -~ \~ """~~~ "\~ " """~~~

Additionally, th
[Equivalent to

~—/ ~———/ -

time
Figure 120 — Schematic representation of light pulses from Laser Diode

e SER (see 34.1) shall be < 4,2 x 107 in any LDC Block.
K 317 counts (= 4,2 x 107 x 75 392 bytes)].

31 Local deéfects

Defects on the
dust enclosure
Track jumping

The size of su
— air bubble
— black dots
— black dots
32 Charact

Clause 32to G

Recording Layer or in the Transmission Stack, such as “aifbubbles” or “black dots” (suc
s in the Transmission Stack or pin holes in the Reflective Layer) shall not cause any unin
or uncorrectable errors (see also 33.4 and Clause 34).

h defects shall be

S: diameter<100 um,
with birefringence: diameter < 150 um, and
without birefringence: diameter < 150 um.

eristics of User Data

lause 34 describes a-series of measurements to test conformance of User Data on the d

They check th¢ legibility of User-written Data. The data is assumed to be arbitrary.

User-written D

33 Method

hta may havebeen written by any drive at any speed in any operating environment.

of testing for User Data

33.1 General

h as
tended

sk.

The read tests

described in Clause 32 to Clause 34 shall be performed on the Reference drive.

Whereas Clause 24 to Clause 30 disregard local defects, Clause 32 to Clause 34 includes them as
unavoidable deterioration of the read signals. The gravity of a defect is determined by the correctability of the

ensuing errors

by the error detection and correction circuit in the read channel defined below. The

requirements in Clause 32 to Clause 34 define a minimum quality of the data, necessary for data interchange.

33.2 Environment

All signals shall be within their specified ranges when the disk is in its range of allowed environmental
conditions as defined in 8.1.1.
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33.3 Reference drive

33.3.1 General

All signals shall be measured in the appropriate channels of a Reference drive as specified in Clause 9.
33.3.2 Read power

The read power is the optical power incident on the Entrance surface of the disk. The read power shall be
(0,35 £ 0,1) mW for an 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 signal from the HF read channel shall be equalized and filtered before processing. The threshold level
for conperting an HF signal into a binary read signal shall be controlled to minimizerthe effects of Mark and
Space [size changes, due to parameter variations during writing. For measurement.of disk quality, the
characjeristics of the equalizer, filter and slicer, as well as the characteristics(of the PLL shall bg the same as
specifiegd in Annex H (Limit Equalizer) for the jitter measurement.

33.3.4| Error Correction

Correclion of errors in the data bytes shall be carried out by anrerror detection and correction syistem based
on the definitions in Clause 13.

33.3.5| Tracking requirements
During|measurements of the signals, the axial tracking error between the focus of the optical bepm and the

Recording Layer shall be maximum 55 nm and thée.radial tracking error between the focus of the optical beam
and the centre of the Track shall be maximums6 nm.

33.3.6| Scanning velocities

The actual rotation speed of the disk-shall be such that it results in an average Channel-bit rate pf
66,000 Mbit/s or an average wobble frequency of 956,522 kHz.

33.4 Definition of signals
Byte efror:

A byte lerror occurs when one or more bits in a byte have a wrong value, as detected by the reldted error
detectipn and/or Correction circuits.

Burst ereor:

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
separated by at least three correct bytes from the last preceding erroneous byte until the last erroneous byte
that is separated by at least three correct bytes from the first succeeding erroneous byte.

The number of erroneous bytes in a burst is defined as the actual number of bytes in that burst that are not
correct.

See example in Figure 121.
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C|C‘C
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cTolc].[c X

<— burstlength=9 bytes —
number of erroneous bytes in burst = 6

¢ = correct byte, x = erroneous byte

Figure 121 — Example of burst error
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Symbol Error Rate:

The Symbol Error Rate (SER) averaged over N LDC Blocks is defined as the total number of all erroneous
bytes in the selected LDC Blocks divided by the total number of bytes in those LDC Blocks:

N

Z Eai

i=1
Nx75392

where
E_ is the number of all erroneous bytes in LDC Block /;

N1 is the number of LDC Blocks.
Random Symbol Error Rate:

The Random Symbol Error Rate is defined as the Symbol Error Rate where all erroneous bytes|contained in
burst efrors of length 240 bytes are counted neither in the numerator nor in the denominator of the SER
calculation:

where
EJ is the number of all erroneous bytes in LDGBlock /;

E{ is the number of all erroneous bytes inburst errors 240 bytes in LDC Block /;

N | is the number of LDC Blocks.

34 Mjnimum quality of recorded information
34.1 Random Symbol Error, Rate

When ¢hecking the quality of the disk, the area selected for determining SER and burst errors shall be
overwr|tten ten times.with arbitrary User Data.

The Random SER after ten overwrites shall fulfill the following requirement:

Random SER < 2,0 x 107 averaged over any 10 000 consecutive LDC Blocks.

34.2 Maximum burst errors

In each Recording-Unit, Block the number of burst errors with length 240 bytes shall be less than 8 and the
sum of the lengths of these burst errors shall be <600 bytes.

34.3 User-written Data

User-written Data in a Recording-Unit Block (RUB) as read in the HF read channel shall not contain any byte
errors that cannot be corrected by the error-correction system defined in Clause 13.
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35 BCA

The Zone between ry and r; is reserved for use as a Burst-Cutting Area (BCA) (see 15.2 and Figure 53).

The BCA shall be used to add information to the disk after completion of the manufacturing process.

The BCA code can be written by a high-power laser system or by the initializer in the case of Rewritable 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 122).

The BCA code

BCA code is allowed to overlap the Protection-Zone 1 partially).

No BCA code shall be written on Layer L1, but some effect of writing the BCA code on Layer.L0.could e
visible on Layer L1.

The BCA code shall be written as a series of low-reflectance stripes arranged in circamferential directiof.
Each of the strjpes shall extend fully across the BCA in the radial direction.

The informatioph in the BCA code can be read by a drive at any radius betweéemradius 21,3 mm and rad|us
22,0 mm on Lgyer LO.

The decision t¢ record the BCA code is Application dependent. BCA'¢ode shall not be recorded in the BCA
unless otherwike specified by the Application. The format and caontent of the BCA code is defined by
agreement between the interchange parties.

Burst-Cutting Area

BCA code

Figure 122 — Schematic representation of BCA
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Annex A
(normative)

Thickness of Transmission Stacks in case of multiple layers

A.1 General

In case the total Transmission Stack consists of k layers, the following procedure shall be applied in
determining the thickness of the individual layers:

— the values d, .. dix represent the thicknesses of layers 1 ..k;
— the values nyq .. ngrepresent the refractive indices of layers 1 ..k;

— lef D(n) be the nominal thickness at refractive index n according to Figure 15;

k<1
. d.
— then the thickness dj of Layer k should be equal to: d,=D(n, )x| 17 LS.
A «=Dlny) ( > o) j

A.2 Refractive Index n;of all layers in Cover Layer and Spacer Layer

The refractive index n; of each layer in the Cover and Spacer Layers shall be 1,45 < n; <1,70.

A.3 Thickness variation of the Transmission Stack

d:

I

D(”i).

The Rglative Thickness of the Transmission Stack jis defined as: RT; =z

k
i=1

The R¢glative Thickness RT of the Transmission Stacks, measured over the whole disk, shall fulfill the
following requirements:
a) the Relative Thickness RTy of the Transmission Stack TS0 shall be: 95<1(00 x RTy < 105;

b) the Relative Thickness RT; of the Transmission Stack TS1 shall be: 70 <[75 x RT, < 80.

NOTE The thickhess of the Recording Layer is very thin and negligible in the calculation of the thickness
in casq of Type(DL"disk.

A.4 Bxample of thickness calculation for SL

Assume a Cover sheet with refractive index nq = 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 15 we can find: D(n4) = 102,4 and D(n;) = 98,5.

From the above given formula, we can calculate

d,=98,5x% 1—i =26,356 um.
1024

)
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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 r:[athod, and

— focused method.

The reflectivity|of the disk is measured by the focused method with the help of a Reference\disk with knpwn
reflectivity, while the reflectivity of the Reference disk is calibrated by the parallel method.

When measuripg the reflectivity in the focused way, only the light returned by the Réflective Layer of th¢ disk
(Rm) will fall onfto the photodetector. The reflected light coming from the front surface of the disk and thq light
coming from the parasitic reflectance’s inside the disk will mainly fall outside ‘the photodetector. Becausg in
the parallel mgthod only the “total” reflectance (R)) can be measured, a calculation is needed to determ|ne the

“main” reflectahce from the Reflective Layer.
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B.2 Calibration method

A good Reference disk free of birefringence shall be chosen, for instance with a 0,1 mm glass Cover Layer
with a golden reflective mirror. This Reference disk shall be measured by a parallel beam as shown in
Figure B.1

Ry to Fint {
detector An

Rs

B
Incident
beam

Key
R rdflectivity of the Recording Layer (including the double pass Transmission Stack transmission)
r  reflectivity of the Entrance surface

Rres reflectivity as measured by the focused beam (is by definition = R,/Ig)
Iz inpident beam

Rs regflectance caused by the reflectivity of the Entrance surface

Rm miin reflectance causedby the reflectivity of the Recording Layer
Rint reflectance caused by)the internal reflectance’s between the Entrance surface and the Redording Layer
Ry measured value (Rg+ Ry + Rint)

Figure B.1 — Reflectivity calibration

The reflectivity of the Entrance surface is defined by

2
r= (n—_U , Where n is the index of refraction of the Cover Layer.
n+

The main reflectance Ry, = Ry — Rs — Rint Which leads to

(1—r)2x[R”—rj
R f 2&2 IB .

res
s 1—r>{2— R”J
Is

The Reference disk shall be measured on a Reference drive. The total detector current (the sum of all four
quadrants = /i,t5) Obtained from the Reference disk and measured by the focused beam is equated to R, as
determined above.
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Now the arrangement is calibrated and the focused reflectivity is a linear function of the reflectivity of the
Recording Layer and the double pass Transmission Stack transmission, independently from the reflectivity of
the Entrance surface.

B.3 Measu

ring method

B.3.1 Reflectivity in Unrecorded, virgin Rewritable Areas

A method of measuring the reflectivity using the Reference drive.

a) Measure the total detector current (/4 + ). from the Reference disk with calibrated reflectivity Ryes.

b) Measure
where the
recorded

c) Calculate

follows:

B.3.2 Reflec

A method of m

a) Measure

b) Measure {he total detector current (/4 + I;)g from a Groove Track in an area of the disk under inves

where theg
have bee
power as

c) Calculate

follows:

B.3.3 Reflec

A method of m
a) Measure
b) Measure

two adjac
shall be d

1 2)G
Groove Track and the two adjacent Tracks on each side of the Groove Track neverhay

hor erased.

the unrecorded virgin disk reflectivity Ry, in the Groove Tracks of the Rewfitable A

_ (/1+/2)G

tivity in Unrecorded, Erased Rewritable Areas

easuring the reflectivity using the Reference drive.

he total detector current (/4 + I,).es from the Reference disk with calibrated reflectivity Ryes

Groove Track and the two adjacent Tracks on.each side of the Groove Track to be me
N erased. Erasure of these Tracks shall be.done by irradiating the Tracks using only
determined from the OPC algorithm (see Afnex G).

the unre(corde)d erased disk reflectivity Rq-. in the Groove Tracks of the Rewritable A
li+15 )

R, =(—)—XR .
g-e /1+/2 W ref

tivity in Recorded Rewritable Areas

easuring the reflectivity using the Reference drive.
he total detector-eurrent (/; + ). from the Reference disk with calibrated reflectivity Ryes
sy from arecorded Groove Track in an area of the disk under investigation where at I¢

bnt Tracks on each side of the Groove Track also have been recorded. Recording of the
bne using the optimum powers as determined from the OPC algorithm (see Annex G).

ligation
e been

rea as

igation
asured
the Pg

rea as

ast the
Tracks

c) Calculate

Ran = (/1+/2)
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he recoraeda disk retleclivity Kgy In the Groove 1racks of the Rewritable Area as Tollows:

/
_ 8H R
X ref -

ref
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