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2020(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a

technical

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

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

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

Afttention is drawn to the possibility that some of the elements of this documént'may be the

pdtent rights. ISO shall not be held responsible for identifying any or all such patent rights.

arly patent rights identified during the development of the document isin_the Introduction :
the ISO list of patent declarations received (see www.iso.org/patents).

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

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

This document was prepared by Joint Technical Committee ISO/IEC JTC 1, information Te¢
Subcommittee SC 23, Digitally recorded mediafer information interchange and storage.

This third edition cancels and replaces‘the second edition (ISO/IEC 30193:2016), which
tefhnically revised. It also incorporatestthe Amendment ISO 30193:2016/DAM1.

The main changes compared to theprevious edition are as follows:
—| additional requirementsfor 4x reading velocity have been added;

—|{ additional requirements for physical access control and reserved area of BD applica
been added.

complete listinig of these bodies can be found at www.iso.org/members.html.

THis corrécted version of ISO 30193:2020 incorporates the following corrections:

—| Minor editorial corrections in symbols (italicization, bolding);

bd for the
with the

subject of
Petails of
ind /or on

does not

brms and
ce to the

v.iso.org/

chnology,

has been

fion have

A;Kl feedback orqquéestions on this document should be directed to the user’s national standardls body. A

— in 15.8.3.2, reinstatement of "These two bytes shall be set to 44 49h, representing the ¢
“DI”." in Bytes 0 to 1 and deletion from Byte 3.

© ISO/IEC 2020 - All rights reserved
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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 large capacity and high-speed transfer rates that would be needed for
recording and reproducing high-definition video content. This joint effort turned out to be fruitful and
the first version of its Blu-ray Disc™ Rewritable Format Part 1 version 1.0 in June 2002.

Then, in October 2004, more than 100 companies joined and 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 Part 1
inOCtOb re-versie e 0 T y—tire—€h v 16 er-ahandredmiion t ay S

had been|shipped and Blu-ray™ devices such as players, recorders, game consoles and PC drives were|in
use all over the world.

A " A U v » ;' v ';V c {6 » L

The BDA plso conducts verification activities for both disks and devices and has established more thhn
10 testing centers in Asia, Europe and the USA.

The BDA [gave consumer applications the highest priority in the first few years. But it was known,|of
course, that international standardization would be required before many government entities ahd
their confractors would be allowed to use Blu-ray Disc™. In January and February 2011, the chajrs
of ISO/IELC JTC 1/SC 23 and JIIMA (Japan Image and information Managemiernt Association) formally
requestedl the BDA to consider international standardization. The reasan“for this was to enable the
inclusion|of writable BDs along with DVDs and CDs in an International’Standard specifying the t¢st
methods for the estimation of lifetime of optical storage media fordohg-term data storage. In Octoler
2011, the| President of the BDA responded that his organization<had decided to pursue international
standard|zation for the basic physical formats for the recordable:and rewritable Blu-ray™ Formats.

ber 2011, the BDA sent project proposals for interitational standardization of four formats|to
ISO/IEC]TC 1/SC 23 via the Japanese national body. They are 120 mm single layer (25,0 Gbytes per digk)
and dual Jayer (50,0 Gbytes per disk) BD recordable disks, 120 mm single layer (25,0 Gbytes per digk)
and dual Jayer (50,0 Gbytes per disk) BD rewritable\disks, 120 mm triple layer (100,0 Gbytes per digk)
and quadfuple layer (128,0 Gbytes per disk) BD récordable disks and 120 mm triple layer (100,0 Gbytes

PDAV format which had-been specified by the BDA for use on BD rewritable disks. These
specifications, which are related to the BD application, the file system or the content-protection systejm,
are requifed for the disk, thegenerating system and the receiving system. For more information abdut
the BD application, the{content-protection system and the additional requirements for the Blu-ray™
Format specificationsjsee http:// www.blu-raydisc.info.

The Intdrnational” Organization for Standardization (ISO) and International Electrotechnigal
Commissjon (IEE) draw attention to the fact that it is claimed that compliance with this document miay
involve theuse of a patent.

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

The holder of this patent right has assured ISO and IEC that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this
respect, the statement of the holder of this patent right is registered with ISO and IEC. information may
be obtained from the patent database available at www.iso.org/patents.

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

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

X © ISO/IEC 2020 - All rights reserved
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Information technology — Digitally recorded media for
information interchange and storage — 120 mm Triple
Layer (100,0 Gbytes per disk) BD Rewritable disk

1 —Scope

This document specifies the mechanical, physical and optical characteristics of a 120 mny rgwritable
oftical disk with a capacity of 100,0 Gbytes. It specifies the quality of the recorded.and urrecorded
signals, the format of the data and the recording method, thereby allowing for information interchange
by means of such disks. User data can be written, read and overwritten many times using a feversible
method. This disk is identified as a BD rewritable disk.

This document specifies the following:

—|{ the one disk type;

—{ the conditions for conformance;

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

—|{ the mechanical and physical characteristics of the disk, so as to provide mechanical interchange
between data processing systems;

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

—|{ the characteristics of the signals recorded on the disk, enabling data processing systenjs to read
data from the disk.

This document provides for interchange of disks between disk drives. Together with a staphdard for
volume and file structure, it pravides for full data interchange between data processing systems.

2| Normative references

The following documients are referred to in the text in such a way that some or all of their content
copstitutes reguirements of this document. For dated references, only the edition cited applies. For
urldated references, the latest edition of the referenced document (including any amendmentd) applies.

ISP 93525-Plastics — Determination of resistance to wear by abrasive wheels

ISPAEE 646, Information technology — ISO 7-bit coded character set for information interchang

Q

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

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

3 Terms and definitions

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

© ISO/IEC 2020 - All rights reserved 1
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IECE

31
BD

lectropedia: available at http://www.electropedia.org/

disk having a cover layer (3.4) around 0,1 mm thick and a substrate (3.43) around 1,1 mm thick on
which data is read or recorded by an optical pick-up unit (OPU) using 405 nm laser diode and numerical

aperture,

NA =085 lens

Note 1 to 4

3.2

BD appli
BDAP
contents

ntry: User data recorded on a disk is formatted using 17PP modulation and an LDC+BIS Code.

cation

content-pfrotection system and for its own defect-management system on the disk

3.3

channel
element &
(3.42) on

3.4

hit

a disk

cover layler

transparsé
closest to

3.5
data zon
area betw

3.6
defective
clusterin

3.7

the entrance surface of a disk

P 1
been the inner zone and the outer zone*ow layer Ln (3.17)

cluster

digital-sym value

DSV
arithmeti
ONE and

3.8
disk refe
plane def
disk is cl3

c sum obtained frem a bit stream by assigning the decimal value +1 to channel bits (3.3) set
the decimal vdlue -1 to channel bits set to ZERO

renceplane
ned by the perfect flat annular surface of an ideal spindle, onto which the clamping zone o
mped, that is normal to the axis of rotation

standard specified for a BD (3.1), for instance a video application, which-requires area foy

y which the binary value ZERO or ONE is represented by pits (3:27)/marks (3.19) and spades

ent layer with precisely controlled optical properties that covers the recording layer (3.33)

a user-data area (3.47) that has been registered in a defect list as unreliable or uncorrectable one

fa

3.9
embosse

d HFM area

area on a disk where information has been stored by means of an HFM groove (3.13) during
manufacturing of the disk

3.10

entrance surface
surface of a disk onto which the optical beam first impinges

© ISO/IEC 2020 - All rights reserved
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3.11

erased groove

blank groove (3.12) on a disk that has been erased by irradiating the track (3.44) using only erase power
level, Pg(, as determined by the OPC algorithm

3.12
groove
trench-like feature of a disk connected to a recording layer (3.33)

Note 1 to entry: In case of triple-layer disk, one groove can be carried by the substrate (3.43) and other grooves

haocareiadbotbha conacorlayor (2 A4 avtbha covor Jayuoe (2 AN (con Digiien 1\ oroouac ava oo ditao dafin th t k
cap-be-carried-by-thespacertayer{3-4-orthe-coverdayer{3-4{see Kigure B sroovesare-used-to-define the trac

(3/44) locations.

Injthe BD rewritable system, there are 3 types of grooves:

— wobbled groove (3.49) in rewritable area containing address information;
—{ HFM groove (3.13) in embossed HFM area containing permanent informatiah and control|data;
—| straight groove without any modulation in the BCA zone.

3.13
igh-frequency modulated groove

Ndte 1 to entry: HFM groove creates a data channel with\sufficient capacity and data rate for |replicated

layertype
ldCIlLlllLdLlUIl Ol d UISK USIHIE ITUIITDEDT O '1dyeT(S)

Note 1 to entry: In case of triple-layer disk, the layer type is TL (see Clause 7).

3.19

mark

feature of a recording layer (3.33), which can take the form of an amorphous domain in the crystalline
recording stack due to recording, that can be sensed by an optical read-out system

Note 1 to entry: The pattern of marks and spaces (3.42) represents the data on a disk.

3.20
mark polarity
polarity of reflectivity change when marks (3.19) are recorded
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measurement velocity

linear vel

ocity at which a disk is measured during reading

Note 1 to entry: The nx measurement velocity means the measurement velocity of n times the reference
velocity (3.36).

3.22

modulation bit
alternative form representing the data, that is more suited to be transmitted via a communication

channel

3.23

rtaobactaorad on o ctoraagn cucta
F—t0-Be-5tofFea -5

m
O otoTO S Y O TCTIT

NRZI conversion
method of converting modulation-bit stream into a physical signal

3.24

on-groove
geometry] where grooves (3.12) are nearer to the entrance surface (3.10) of a diskthan the lands (3.16)

3.25
padding

process i a drive to fill up the missing sectors in a 64K cluster, which consists of 32 sectors (3.40), w
all 00h dqta when the host supplies less than the 32 sectors and needs<o fill up the cluster

3.26

phase change
physical ¢ffect by which an area of a recording layer (3.33) isgrradiated by a laser beam and heated so
to changq from a crystalline state to an amorphous state:and vice versa

3.27
pit
feature o

F a recording layer (3.33), which can take'the form of a depression in or elevation on the la

(3.16) sutface, that can be sensed by the optieal read-out system

Note 1 to ¢ntry: The pattern of pits and spaces+3.42) represents the data on a disk.

3.28

polarization

direction

Note 1 to
propagati

3.29
pre-reco

of the electric field v€ctor of an optical beam

entry: The plane of polarization is the plane containing the electric field vector and the direction
n of the beam,

rded area

area on g disk>where information has been recorded by the manufacturer/supplier of the disk

applying
3.30

standard recording techniques after finishing of the replication process

as

of

protective coating
optional additional layer on top of the cover layer (3.4) provided for extra protection against scratches
and other types of damage

3.31

reading velocity

linear vel

ocity at which a disk is actually read

Note 1 to entry: The nx reading velocity means the reading velocity of n times the reference velocity (3.36).
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3.32

read-modify-write

process in a drive to read full content of a 64K cluster, which consists of 32 sectors (3.40), replace the
sector(s) concerned and write back the full cluster to a disk when one or more, but less than 32, sector(s)
in a cluster is(are) rewritten

3.33

recording layer

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

cording velocity
ear velocity at which a disk is recorded

te 1 to entry: The nx recording velocity means the recording velocity of n times the reference velocity (3.36).

6
erence velocity
ear velocity that results in the nominal channel-bit rate of 66,000 Mbit/s

B7
erved
alue> value(s) not used in this document
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=
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arga on a disk where information can be recorded by means of marks (3.19) and spaces (3.42)[using the

sector
minimum-size addressable data part of a track (3.44) in the information zone (3.15)

3.4
spacer layen
transparent layer with precisely-controlled optical properties separating two recording layer§ (3.33)

3.42

nals
Note 1 to entry: The pattern of pits (3.27)/marks (3.19) and spaces represents the data on a disk.

3.43
substrate
layer, which can be transparent or not, provided for the mechanical support of a recording layer (3.33)

3.44
track
360° turn of a continuous spiral, formed by a groove (3.12)
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3.45

track pitch

distance between centrelines of a groove (3.12), in adjacent tracks (3.44), measured in the radial
direction

3.46
transmission stack
set of all layers between the entrance surface (3.10) of a disk and the recording layer (3.33) concerned

Note 1 to entry: In other words, the transmission stack of a specific recording layer consists of all layers that are

d th' onah butbha Labht baoa vbhan cccnccingthat vacordingloar
passe retshby-theH chibentr —HeRRecessi =thatrecordinstayer

3.47
user-dath area
collectior] of all data zone(s) on a disk, consisting only of the clusters in which user data cap-bérecorded

3.48
virgin grjoove
blank groove (3.12) on a disk which has never been recorded nor erased

3.49
wobbled|groove
groove (3[12) that has a periodic sinusoidal deviation from its average ceffreline

Note 1 to pntry: By modulating the sinusoidal deviation, the wobble prewides address information and genefal
informatiqn about a disk.

3.50
zone
annular grea of a disk

4 Symbols and abbreviated terms

ac alternating current
ADIP address in pre-groove
APC automatic power cantrol
AU address unit

AUN address-uhit number
BCA burst=cutting area

BIS burst-indicating subcode
BPF band-pass filter

CAV constant angular velocity
cbs channel bits

CNR carrier-to-noise ratio

dc direct current

DCZ drive-calibration zone
DDS disk-definition structure
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DFL defect list

DI disk information

DL dual layer

DMA disk-management area
DMS disk-management structure
DWW directoverwrite

DOW(n) nth overwrite

DOW(0) initial recording

DYV digital-sum value

D\P disk write protect

ER emergency brake

E({C error-correction code

EIDC error-detection code

EQ equalizer

FAA first ADIP address (of data zone)
FS frame sync

FWHM full width at half maximum
HF high frequency

HFM high-frequency modulated
HMW harmonic-medulated wave
HIPF high-pass-filter

HTL high-te-low

LAA last ADIP address (of data zone)
LIDC long-distance code

LRF low-pass filter

LSB least-significant byte

Isb least-significant bit

LSN logical-sector number

MM MSK mark

MSB most-significant byte

msb most-significant bit
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MSK
MW
NA
NHWS
NRD
NRZ
NRZI
NWL
NWS
OPU
PAA
PAC
PBA
PIC
PLL
PoA
PP
pp
PrA
PSN
RH
RMTR
R-M-W
RS
RT
RUB
SER
SHD
SHL
S/N
SPS

minimum-shift keying
monotone wobble

numerical aperture
normalized HFM-wobble signal

non-reallocatable defect

nonr-return-to-zero

non-return-to-zero inverting

nominal wobble length

normalized wobble signal

optical pick-up unit

physical ADIP address

physical-access control

possibly bad area

permanent information and control data
phase-lock loop

post-amble

push-pull

peak-to-peak

pre-amble

physical-sector number

relative humidity.

repeated minimum-transition run-length
read-modify-write

Reed-Solomon (code)

relative thickness

recording-unit block
symbol error rate
second-harmonic distortion
second-harmonic level
signal-to-noise ratio

start-position shift
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STW saw-tooth wobble
Sync synchronization
TL triple layer

TP track pitch

TS transmission stack
/A referencevelocity
wbs wobbles

wp write protect

5 Conformance

5.1 Optical disk

A

lis
op
re

6

6.

Claim of conformance with this document shall specify the type itmplemented. An optical diS
conformance with this document if it meets all the requirements specified for its type.

.2 Generating system

penerating system shall be in conformance with this document if the optical disk it genel
cordance with 5.1.

.B Receiving system

Feceiving system shall be in conformance with this document if it is able to handle the type

ifk according to 5.1.

A Compatibility statement

rlaim of conformance bya génerating or receiving system with this document shall include a

k shall be

ates is in

of optical

tatement

ting any other standards supported. This statement shall specify the numbers of the standards, the

tical disk types supported (where appropriate) and whether support includes reading onl
hding and writing:

Conventions and notations

1 _-Levels of grouping

y or both

Data is often collected into groups where these groups of data can be collected into higher level groups.
For the clarity of the grouping hierarchy, in this document the following levels of hierarchy are used:

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

Block: the second level of grouping. Generally, blocks consist of a number of frames.
Cluster: the highest level of grouping. clusters consist of several blocks.

Fragment:  alevel of grouping that can be applied by the application. A certain amount of data is

allocated to a (fixed) number of consecutive clusters.
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6.2 Representation of numbers

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

EXAMPLES
0,01,

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

— The specification is: x=1,26"

R maasuraduvaluaintha FanRge 1220 < v 1 27C fulfilc thic crnacificationy
HeaSteaarte-tH—+te-iah 5 s ot S+eHSS

= “measured ~ — pecticatson-

— The specificationis: x < 0,3:

ameasured value X ,,cureq < 0,35 fulfils this specification
(rounding off is applied for 0,30 < X casured < 0,35 X1 ounded = 0,3)-

— The specification is: x < 0,3:

ameasured value X,.,cureq = 0,299 fulfils this specification
(ho rounding off needs to be applied);
— ameasured value X,,.,cureq = 0,3 exactly does not fulfil this specification:

In case the specified value is given as “maximum x units” or “minimunt x units”, the measured value
shall not pbe rounded off before comparing to the specified value. Patameters given in this way shall rjot
be outsidp of the specified limits set by the exact value of x.

EXAMPLEP
— The specification is maximum 0,3 mm:

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

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

— ameasured value of 3,00 dB fulfils'this specification;

— ameasured value of 2,99 dB dogs not fulfil this specification.

«n

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

Numbers|in hexadecinfal notation are represented by the hexadecimal digits 0 to 9 and A to Flin
parentheges or follow&d by lowercase “h”. The character x in hexadecimal numbers represents any digit
Oto9orptoF.

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

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

In a pattern of n bits, bit b(,_4y shall be the most-significant bit (msb) and bit by shall be the least-
significant bit (Isb). Bit b(,,_y shall be recorded first.

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

In data fields composed of bytes, the data is recorded so that the most-significant byte (MSB), identified
as Byte 0, shall be recorded first and the least-significant byte (LSB) last.

In a field of 8n bits, bit bg,,_1) shall be the most-significant bit (msb) and bit b, the least-significant bit (Isb).
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Bit b(g,-1) shall be recorded first.

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

In a field of 4n bits, bit b(4,,_1) shall be the most-significant bit (msb) and bit b, the least-significant bit (Isb).
Bit b4,y shall be recorded first.

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

A [ist of integers is indicated as i .. j. T he [ist contains all numbers between i and j, including.i pnd j (e.g.
k 0 ..7). If the step size is different from one, this is indicated as: i, (i+step) ..j (e.g. k = 1,4/|L6, where
step = 3).

A group of parameters is indicated as Param m..n or P,, .. P,,. The group contains allparameteys with an
inflex between m and n, including m and n (e.g. byte 16 .. 31, bit 7 .. 4, Add, .. Addgys).

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

6.3 Integer calculus
diy(n,d) represents the integer part of the division of n by d.

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

Fdr example:  div(+11, +3) = +3 div(-11, +3) =-3 div(+11,-3)=-3 div(-11, -3)F +3
mod(+11, +3) =+2  mod(-11, +3)&=2 mod(+11,-3)=+2  mod(-11,-3) =-2

7| General description of disk

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

The recording layer of the disk uses high-to-low (HTL) technology. recorded HTL marks have lower
reflection than the unrecordedlayer(s).

The recording layer consists of several layers. The three recording layers are separatefl by two
transparent spacer layers whose thicknesses are about 25,0 pm and 18,0 um, respectively, in this order
from the substrate-Ountop of these recording layer, a transparent cover layer of about 57,0 pm fis applied
with accurately defined optical characteristics (see Figure 1).

This documentprovides for one type of such disk, type TL, whose capacity is 100,0 Gbytes. T¢ improve
the scratch'vesistance, the cover layer optionally can be protected with an additional hard coqting.

D4ta‘can be written onto the disk as amorphous marks in the crystalline recording layer(s) apd can be
overwritten with a high- I f ical beam using the phase-change eff n amorphous
and crystalline states of the recording material.

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

Depending on which recording layer is to be accessed, the optical beam passes through the transparent
cover layer or through the transparent cover layer, the semi-transparent recording layer(s) and the
transparent spacer layer(s).

For reference purposes, all layers together, passed through by the light beam when accessing a certain
recording layer, are called the transmission stack of that specific recording layer.
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Data is recorded on the grooves. The wobble of the grooves modulated with addresses serve as a system
for positioning and speed control during recording.

Top surface

direction of
rotation

<---

Transmission Stack 0 A\ J<— Recording Layer LO
Transiission Stack1 A \ / <« Record?ng Layer k1
Transnpission Stack 2 :; vy Substrate < Recording Layer L2
acer Layer
acer Layer

Cover Layer

(Protective Coating) Entrance Surface

for optical beam

Figure 1 — Outline of triple layer BD rewritable disk

Figure 2 $hows the recording velocity requirements.

Disk Type parameters . .
Disk Type Mark Push-Pull Layer Recording Velocity
polarity Polarity (see 26.1) Type 1x 2%
Type TL HTL On-Groove® TL — m

Mandatory.
Not allowed in this document.
rogve geometry is On-Groove for all Layer L0, kayer L1 and Layer L2 (see 15.2).

ol B

Figure 2 — Recording velocity requirements for disk type

8 General requirements

8.1 Enyvironments
8.1.1 Test environment

8.1.1.1 |General

During mleasurements for testing the conformance of the disk with this document, the disk shall befin

the test environment. The test environment is the environment where the air immediately surrounding
the disk shall have the following properties:

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

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

12 © ISO/IEC 2020 - All rights reserved
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8.1.1.2 Test conditions for sudden change in operating environment

2020(E)

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

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

Apply a sudden change in temperature, while keeping the absolute humidity at a constant level

(z1n A4 a/m3)-
757 7

T

8.

A
of]
en

T}
th

- 25°C, RH=45% — T=55°C, RH =10 % (see Figure 3).

1.2 Operating environment

disk in conformance with this document shall provide data interchange ovex the specifi
environmental parameters in the operating environment. The operating” environme

vironment where the air immediately surrounding the disk shall have thé following proper
temperature, T 5°C to 55 °C;
relative humidity, RH: 3 %to 90 %;
absolute humidity: 0,5 g/m3 to 30 g/m3;
atmospheric pressure: 60 kPa to 106 kPa.

pse specified above, it shall be acclimatized in an'eperating environment for atleast 2 hours b

bd ranges
ht is the
Lies:

ere shall be no condensation of moisture on the disk. If a disk has been exposed to conditions outside

efore use.
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absolute air humidity, g/m3
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Figure 3 — Operating environment
8.1.3 Sforagetenvironment
8.1.3.1 |General

The storage environment is the environment where the air immediately surrounding the optical disk
shall have the following properties:

—  temperature, T -10 °C to 55 °C;

—  relative humidity, RH: 5 %to 90 %;

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

2020(E)

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

dry heat test according to IEC 60066-2-Z Ba:
T=55°C,RH=50%,96 h;

damp heat cycle test according to IEC 60068-2-30 Db:
Thign = 40 °C, Ty, = 25 °C, RH = 95 %, cycle time = (12 + 12) h, 6 cycles.

After exposure to these environmental conditions, one should allow for sorme Trecovery tif

m
8.

8.

Afd
by

basuring [(24 or 48) h].
1.4 Transportation

1.4.1 General

transportation occurs under a wide range of temperatures and humidities, for differing
many methods of transport and in all parts of the world, it is not possible to specify m

conditions for transportation or for packaging.

8.

8.
T}

ag
ta

8.

In
pd

8.

a)
b)

1.4.2 Packaging

1.4.2.1 General

e form of packaging should be agreed between sender and recipient. In the absence o
reement, the form of packagings.the responsibility of the sender. The following hazards
ken into account.

1.4.2.2 Temperatureand humidity

sulation and wrapping/should be designed to maintain the conditions for storage over the §
riod of transportatien.

1.4.2.3 Imipact loads and vibrations
Avoidihechanical loads that would distort the shape of the disk.

Avoid dropping the disk.

he before

b periods,
andatory

[ such an
should be

pstimated

‘)
d)

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

The final box should have a clean interior and a construction that provides sealing to prevent the

ingress of dirt and moisture.

8.2 Safety requirements

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

© ISO/IEC 2020 - All rights reserved
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mmability

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

better, as

specified in IEC 60950-1.

9 Reference drive

9.1 General

A refererfce drive shall be used for the measurement of optical and electrical signal parameters_for

conforma
character

9.2 Me

During te

9.3 Op

The basid
and read

nce with the requirements of this document. The critical components of this device have-t
istics specified in Clause 9.

asurement conditions

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

fical system

set-up of the optical system of the reference drive used for méasuring specified (over)wr
parameters is shown in Figure 4. Different components and-locations of components 3

permittedl, provided that the performance remains the same as thatof'the set-up in Figure 4.

The optic
layer on v

The optic
is minimil

hl system shall be aligned such that the focused optical\beam is perpendicular to the recordi
vhich the beam is focused at the radius where the méasurement is to be performed.

al system shall be such that the detected light reflected from the entrance surface of the di
zed so as not to affect the accuracy of the measurements.

HF read channel

L=1+1

PP read channel

he

16

L=1+1,
I, I
p—\ ’ L[|,
> ' I Quadrant -
Tangential \J | | | photodetector
track Iy L. |
direction :
|
I A
| — — —
[
|
|
|_____:_________________ Disk
Laser Collimator Polarizing SA A/4  Objective
diode lens beam splitter corrector Plate lens

Figure 4 — Optical system of reference drive
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A polarizing beam splitter and a quarter-wavelength plate shall be used to separate the entrance light
beam, coming from the laser diode, and light beam reflected by the optical disk going towards the
photodetector. The light beam transmitted through the splitter shall have a p:s intensity ratio of at
least 100:1.

The optical beam shall be compensated for spherical aberrations (SA) such that these aberrations are
minimized for the thickness of the transmission stack of the recording layer on which the beam is
focused at the radius where the measurement is to be performed.

Durmg measurements on one layer ofa mult1 layer d1sk lIght reflected from the other layer can influence
thep—mrea - : re—photpdetector
shpll have limited d1mens1ons Its length and w1dth shall be smaller than M x 5 um wherg M is the
transversal optical magnification from the disk to its conjugate plane near the quadrant(phot¢detector.
Fdr a type TL disk, however, the effect cannot be neglected even if the length and width-ofphotpdetector
arge smaller than M x 5 pm. Therefore, observed reflectivity shall be compensated Wsing the procedure
shown in B.4.

9.4 Optical beam

The focused optical beam used for writing and reading data shall haye\the following propertigs:

—{  wavelength (A) of the laser beam: (405 £ 5) nm;
— polarization: circular;
— NA: 0,85 +0,01;

— light intensity at the rim of the pupil of the abjective lens relative to the
maximum intensity:

— in the tangential direction: (60 = 5) %;
— in the radial direction: (65 £5) %;
— maximum wave-front aberration at the recording layer(s): 0,033 x A rms;

(after correction of tilt-and spherical aberrations)

— maximum relativesintensity noise of the laser diode:

]

where
Pm
Py

is the ac light density, in Hz;

is the dc light power.

C

— normalized detector size: S/M?2 < 25 pum?

where S is the total surface
of the 4-quadrant photode-
tector;

—  read power for disk testing (average):
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— layer LO and layer L1: (1,44 £ 0,10) mW;
— layer L2: (1,00 £ 0,10) mW;
—  write power and pulse shape: see 29.4.2 and Annex F.

9.5 HF

read channel

The HF read channel is provided to supply a signal from which the user data can be retrieved. The

signal is generated by summing all the currents from all four elements of the photodetector ([, +I, +[.+],).
These cufrents are modulated by the user-written information, due to the difference in reflectivity|of
the mark$ and spaces caused by the phase-change effects.

In the fr¢quency range from dc to 44 MHz, the HF read channel including the photodet€etors shpll
have a flat amplitude response within 1,0 dB relative to its dc gain. The group delay vaniation shall pe
maximunp 1,5 ns pp. in the frequency range from 6 MHz to 44 MHz.

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

9.6 Raglial PP read channel

The radidl PP read channel provides a tracking-error signal to control the servo for radial tracking|of
the opticgl beam. It also provides a wobble signal from which the iriformation modulated on the grooves
can be refrieved.

The radiall tracking error is generated as a signal [(I,+]})) - (I&]4)] related to the difference in the amoynt
of light in[the two halves of the exit pupil of the objectivelens.

The read| amplifiers including the photodetectors.ii the radial PP read channel shall have a f|at
amplitud¢ response within +1,0 dB relative to their dc gain from dc to 16 MHz.

9.7 Digk clamping

While its| parameters are being measured, the disk shall be clamped between two concentric rings
covering most of the clamping zonej{seée 10.6). The top clamping area shall have the same inner ahd
outer dianeters as the bottom clamping area (see Figure 5).

Clampingshall occur betweend;, = (23,5 + 0,5) mmand d,, . = (32,5 = 0,5) mm.

The total|clamping force-shdll be F; = 2,0 N + 0,5 N.

In order fo prevent warping of the disk under the moment of force generated by the clamping force ahd
the chucKing foreg, which is exerted by the tapered cone on the rim of the centre hole of the disk, [F,
shall not ¢xceed 0,5 N (see Figure 5).

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

18
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Figure 5 — Clamping conditions for measurem@
o
9.8 Rotation of disk and measurement velocity \@

The direction of rotation shall be counter-clockwise as viewed frém the objective lens.

All specifications are based on a tangential speed during re@g thatis equal to the 2 times the|reference
velocity, unless otherwise specified. This corresponds tS\s\ nstant linear velocity of 7,375 m/s.

- . @
9.0 Normalized servo transfer function \‘Q

Inforder to specify the servo systems for axiql@% radial tracking, a function Hy(iw) is used. If specifies
the nominal values of the open-loop transferfunction H of the reference servo(s) as Formula (J1):

1_|_3><ico \O
2 — O K
, , .
Hy (iw)=lx(.—oj x——) d?+ — j (0
3 |liw 1410, iw

3%

where C)

1 Vil
N = OI'Uch Ol HILEZT dLUI.

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:

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

[0}
The term | 1+—2% | in Formula (1) represents an integrator function. Such an integrator or equivalent
io

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

Another frequency of importance is the frequency f, at which a sinusoidal displacement with an
amplitude equal to the maximum allowed residual tracking error, e, ,., corresponds to the maximum
expected acceleration, «,,.., This frequency can be calculated with Formula (2):

max

fX _ i amax (2)

27 € max

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

9.10 Measurement velocities and reference servos for axial tracking

9.10.1 (eneral

The appljcable reference servo and conditions for measuring residual axial €trors depend on the
measurerpent velocities under testing: measurement velocities for axial residual errors shall be a hplf
of the redording velocities, a reference servo for 1x measurement velocity.refers to 9.10.2. Only if the
disk supplorts reading at 4x reference velocity, measurement velocities forraxial residual errors shall pe
a half of the reading velocities, a reference servo for 2x measurement velocity refers to 9.10.3. The seryo
for all conditions has the same basics, however with a modified intégpator.

9.10.2 Reference servo for axial tracking for 1x measurement velocity

[

Regarding the open-loop transfer function H(f) of the reference servo for axial tracking, |1 + H(f)|
limited a§ shown schematically by the shaded area in Eigure 6.

S
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54,6
52,9
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xO
by Formula (3), where a,,, = 6%

difturbances, and a,,,, is multipli
caused by this m x a, ., shall

1 [Bxmxay, ‘4 [3x1,25%6,0
L [ mae A (2200 _ 4,
fo= 4 x> 21\ 55x107°

Figure 6 — Servo characteristic Q@axial tracking for 1x measurement velocity

100 x 103

10 x 103
frequency (Hz)

The crossover frequency, f, of HN(%@EkHZ (see 9.9), used to define the limits of |1 + H(f)|, is|specified

/s? is the maximum expected axial acceleration du¢ to local
ied by a factor m = 1,25 for servo margin. The tracking efror, e
55 nm. Thus, the 0 dB crossover frequency shall be as follows:

max’

(3)
The integrator e first order (K = 1) with a crossover frequency of f; . = 100 Hz [see Forjmulae (4)
to|(6]]. ?”
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In the frequency range 100 Hz to 10 kHz:

0,9%|1+Hy (f)|<[1+H(f)|S1,1x[1+Hy (f) 4)
In the frequency range 36 Hz to 100 Hz:
f 4,78
0,9x|1+Hy (f)|<[1+H (f)|<1,1x[1+Hy (fiy )|><[ l;t ] (5)
In the fre T
O
77,0 €[1+H (f)|<97,0 (19 6)
. | el
The freqyency, f,, in kHz, has the value determined by Formula (7): Q'\
>
Iyes 1 6,0
e e <</Q 7)
an\e, .. 2m\55x10 O\\
9.10.3 1eference servo for axial tracking for 2x measurement velocitg\%
For the olen—loop transfer function H(f) of the reference servo for axiQ t%cking, |1+ H(f)| is limited|as
schemati¢ally shown by the shaded area of the Figure 7. Q
gain (dB) 5\0\,\
“
&
100
97,0
77,0
60
45,7
44,0
e
0
1 10 66,5 200 1x10° 10x10® 100 x 10
frequency (Hz)
Figure 7 — Servo characteristic for axial tracking for 2x measurement velocity
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The 0 dB crossover frequency, f, shall be 3,2 kHz, the same as the 1x measurement condition. For the

maximum residual tracking error of 80 nm (see 11.4.2), this corresponds to an acceleration, a,,,, in m/
s2, as per Formula (8):
2
(2nxf, ) (2nx3,2x103)
Oy =3~ ¥z = 3 x80x10~% = 10,8 (8)

For the maximum residual tracking error of 110 nm (see 11.4.3), this corresponds to an acceleration,

@,,ax In M/s2, as per Formula (9):

2 32
2 2mx3,2x10
:—( TCXfO) Xe :( 3 ) X110X10_9 =14,8 (9)

max 3 max

The integrator shall be second order (K = 2) with the crossover frequency f; . = 200 Hz[see Formulae (10)
to(12]].

Frequency range 200 Hz to 10 kHz:
0,9%|1+Hy (f)|<|1+H (f)|<1,Ax[1+Hy (f)| (10)

Friequency range 66,5 Hz to 200 Hz:

5,36
0.9x|[1+Hy (f)| <|1+H(f) S LIx|l+Hy () x[f‘; ) (a1
Frequency range up to 66,5 Hz (in dB):
[1+H(f)277,0 (12)

9.11 Measurement velocities and reference servos for radial tracking

9.11.1 General

The applicable referencesservo and conditions for measuring residual radial errors depend on the
measurement velocities: measurement velocities for radial residual errors shall be a half of the
repording velocities,@-reference servo for 1x measurement velocity refers to 9.11.2. Only if the disk
supports reading at-4x reference velocity, measurement velocities for radial residual errors ghall be a
hdlf of the readifg)velocities, a reference servo for 2x measurement velocity refers to 9.11.3. The servo
for all conditions has the same basics, however with a modified integrator.

9.11.2 Reference servo for radial tracking for 1x measurement velocity

Far‘the open-loop transfer function H(f) of the reference servo for axial tracking, |1 + H(f)] is |imited as
shown schematically by the shaded area in Figure 8.
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Figure 8 — Servo characteristic for radial tracking for 1x measurement velocity
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b

la (13), where ay,,, = 2,2 m/s? is the worst-case maximum expected radial acceleration
jsturbances, and «,,,, is multiplied byi@actor m = 1,25 for servo margin. The tracking err

over frequency, f, of Hy(f), in kHz (see 9.9)used to define the limits of |1 + H(f)|, is specigﬁd

DT,

€max cauged by thism x a ., shall be 16 nmélhus, the 0 dB crossover frequency shall be as follows:
N
’ 3xmxa. / §J
£, 2_1_ nax :i 3><1,25><L;, ~3.6 (13)
Ar € max 27 1%?
The integrator shall be first O%S;Mth crossover frequency f; . = 100 Hz [see Formulae (14) to (16)].
In the freguency range 1083@t0 10 kHz:
0,9x|1+Hy (f)|<] FISLAX1+Hy (f)| (14)
In the fre quen@@ge 36 Hz to 100 Hz:
A 4,78
0,9x| O~'3N e H [fine | (&5)
m L f )
In the frequency range up to 36 Hz (in dB):
79,0 < |1+ H(f)] <990 (16)

The frequency, f,, in kHz, has the value by Formula (17):

1 |« 1 2,2
fomoo | = 2~ 1,8 (17)
2T € ax 21V 16x10
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9.11.3 Reference servo for radial tracking for 2x measurement velocity

For the open-loop transfer function H(f) of the reference servo for radial tracking, |1+ H(f)| is limited
as schematically shown by the shaded area of the Figure 9.

gain (dB)
100
99,0
79,0
60
47,7
46,0
20
1
0 P
QO :
\\L 1 !
1 10C)’\\0 66,5 200 1x10° 10 x103 100 = 103
Q' . frequency (Hz)
Figure 9 — Serva characteristic for radial tracking for 2x measurement velocity
The 0 dB crossov@equencyfo shall be 3,6 kHz, the same as the 1x measurement conditiop. For the
maximum resi tracking error of 20 nm (see 11.5.3), this corresponds to an acceleration, d,,,, in m/
s2| as per For: 1
O, 12
Y 2mx fy) (2mx3,6x10%) .
%&a =Txemaxz 3 x20x10~7 =3,4 (18)

The integrator shall be second order (K = 2) with the crossover frequency f; ,, = 200 Hz [see Formulae (19)
to (21)].
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Frequency range 200 Hz to 10 kHz:
0,9%|1+Hy (f)|<[1+H(f)|S1,1x[1+Hy (f)

Frequency range 66,5 Hz to 200 Hz:

f 5,36
0.9ty (DI 1 o ] 2

(19)

T

requiremients in summarized form. The different parts of the disk aréydescribed from the centre hole

the outsidle rim.

First transition Area Second transition Area

Centre Clamping
hole 7one

Information Area

1 I 1
1 1 1

QU
N

T
[ dg
]

- dy
/ ' %
4 K~"dy
/

/ 1 d,

Figure 10 — Overview of disk dimensions

10.2 Disk reference planes and reference axis

(For the disk reference planes see also Figure 11 and Figure 12).

(20)

1y

cS
al
to

The disk reference plane P is the plane determined by the surface of the clamping zone (see 10.6) at the

read-out side of the disk.

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

side of the disk.
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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 11 and Figure 12).

The disk reference plane R shall intersect with recording layer LO at layer LO's average position between
radius r, = 23 mm and radius r, = 24 mm (layer LO is the deepest recording layer on a TL disk).

!
|
i Detail of smooth transition
! i{ E)
| P RN
! Clamping Zone
| <
I Y dg Information Area Rim Area
V7 : .
i . ol :
i il \r - =
i . N =, 4\_// o —"'t\—“/L ————— - =Y\
. © Ne—"1_
! = & < N\
! R S ;
! n j .:G\ E ..:i 9
I -~
S NN T i il S N A
| — N R — — v ¥ 1
; ) = 7/ >
i < S <
i Y7 P = TR
' / [ Cover Layer
Detail of the edge of DetaN of P . ) | Entrance surface
Centre hole etdil of Protection ring
e i
___ i
i
- I
=N [P] i
1
Figure 11 — Details of disk dimensions
I Centrehole
é 1
i My Recording Layer LO
i ra ﬂ Substrate l/

IE : Cover Layer
l Turn table

Figure 12 — Details of disk reference planes P and R and recording layer L0
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10.3 Overall dimensions

The overall outer diameter of the disk shall be d; = (120,0 + 0,3) mm (see Figure 10).

The diameter of the centre hole shall be d, =15, 00+8 0o mm (see Figure 10).

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

The edge of the centre hole at the read-out side is the reference for centring the disk and shall be rounded

off or chamfered. The roundlng radius shall be max1mum Fe = 0 1 mm. The helght of the chamfer shall
be maxinpa-03—m- £ it £ g £ has
shall be npaximum h1 = O 25 mm from disk reference plane P (for the detalls see lgure 1 )

The maxi

mum thickness of the disk is defined as the distance in the direction of the reference a:

A betwegn the highest structure protruding from the entrance surface of the disk andsthé highg
structurd protruding from the top surface of the disk.

The maxi
radius sh

The mini

Imum thickness of the disk, including cover layer, protective coating and label’printing, at a
hll be e; = 1,40 mm (see Figure 11).

mum thickness of the disk in the information area shall be e, = 0,90-tam.

Outside the clamping zone, the top surface may be inside the disk reference plane Q by maximy
h, = 0,4 mm.

Outside the clamping zone the top surface may be outside the disk reference plane Q by maximy
h; =0,1 mm (see Figure 11).

10.4 Fir

St transition area

In the inner area inside the clamping zone (d < d;), thesurfaces may be inside the disk reference plan
P and Q §y maximum hg = 0,20 mm and maximum h, = 0,12 mm, respectively. These surfaces may

uneven or

have burrs up to maximum h; = 0,05 8im and maximum h, = 0,05 mm, respectively, outsi

the disk rleference planes P and Q (see Figured0 and Figure 11).

10.5 Protection ring

An optional ring-shaped protrusion-in the inner area of the disk can prevent full contact between t

surface of

for dama

When ap

pes to the read-out&ide of the disk can be minimized.

plied, the protéection ring shall be located between diameter d; = 17,5 mm and diamef

ds = 21,0 mm. Betwéen d; and diameter d, = 20,5 mm, the height of the protection ring shall
maximum hg = 0,12~mm above the clamping surface.

Between

(see Figure-11).

Kis
st

es
be
de

he

the disk and a surfaee on which such a disk is laid down. By applying such a ring, the charjce

er
be

d, and-ds, the height of the protection ring shall sink gradually to the surrounding surfgce

10.6 Clamping zone

The inner diameter of the disk clamping zone shall be dy < 23,0 mm.

The outer diameter of the disk clamping zone shall be d, > 33,0 mm (see Figure 10).

The thickness of the disk within the clamping zone shall be e; =1, 20+0 0/05 MM (see Figure 11).

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

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

28
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10.7 Second transition area

The second transition area is the area between the clamping zone and the information area: d, < d < dq
(see Figure 10).

In the area, the surface at the read-out side of the disk may be inside the disk reference plane P by
maximum hg = 0,12 mm. This surface may be outside the entrance surface in the information area by
maximum h;y = 0,01 mm (see Figure 11).

In the area, the top surface of the disk may be outside the disk reference plane Q by maximum

hy

=02 m

T}
be
to
Fi;
tr

1(.8 Information area

1(

T}
an

On each recording layer, the data zone shall be located.hetween the inner diameter, dp;,, and

di
T}
dD

T}
oy

T}

1 AT -—rcereeym

e step from the top surface in the area to the top surface in the information area is hyg. Thg
tween the start and the end diameter of the step is I;. If h;g > 0,2 mm, then the slope do
b surface of the information area shall be smooth and I; shall be greater than1,8-mm as in
bure 11. If the top surface in the information area is stepped down from the top'surface in t

puyall 1.1

Ainsition area, then the step shall end within diameter dg = 40,0 mm.

.8.1 General
e information area shall extend from diameter dg = 42 mm%o diameter d;; = 117 mm (see

d Figure 13).

hmeter, dp;. The data zones on all recording layers,shall have the same storage capacity.
e inner diameter, dp,;, on recording layer Lmshall be dDZIn :48,0_3‘2 mm and the outer
70 on recording layer Ln shall be dp;q, < 116,2 mm.

e area between dqg and dyy; is called the inner zone and the area between dp;, and dy is
ter zone (see Figure 13).

distance
vn to the
licated in
ne second

Figure 11

the outer

diameter,

ralled the

e total thickness of the disk in‘the information area is as specified in 10.3.
Information Area
Inner Zone Outer Zone
! <> Information Zone <
I- o T
i
i -]
!_ - e < |
5. < Za S
: Lead-in Data Zone Lead-out
i (Lead-out) (Outer)
i
! d
J
VY ! dpz1
g : dDZO
/ ya
’ ! dyo
/// |

Figure 13 — Division of information area
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10.8.2 Subdivision of information zone on TL disk

The information area is used to record the information zone and is divided over the three recording
layers. The information zone is subdivided into the following main parts (see Figure 14):

On recording layer LO:

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

— data zone 0;

— outer

zone 0.

On recording layer L1:

— outer
— data
— inney
On recorg
— inner
— data
Lead-out
On layer ]
On layer |
On layer |

zonel;
vonel;
zone 1.
ling layer L2:
zone 2;
yone 2;
zone (outer zone 2).
L0, the spiral groove shall run from the inner side ofthe disk towards the outer side of the di
L1, the spiral groove shall run from the outer side of the disk towards the inner side of the di
.2, the spiral groove shall run from the inner side of the disk towards the outer side of the di
Substrate
Recording Layer LO - Lead-in Zone /\ Data Zone 0 Outer Zone 0
Spacer Layer / \ — spiral direction

Recording Layer L1 __ {nner Zone 1 / \ Data Zone 1 Outer Zone 1

Spacer Layer / \ <€ spiral direction
Recording Layer L2 Inner Zone 2 / \ Data Zone 2 Lead-out Zone

—> spiral direction
€over Layer

inner side I | outer side

K.
k.
K.

of disk Optical beam of disk

Figure 14 — Subdivision of information zone

The lead-in zone starts in the area extending from diameter 44,0 mm to diameter 44,4 mm and shall
end at the beginning of data zone 0 at diameter dp,,.

Outer zone 0 shall start at the end of the data zone 0 at diameter dp;q, and shall end at diameter
minimum 117 mm.

Outer zone 1 shall start at diameter minimum 117 mm and shall end at the beginning of data zone 1 at

diameter

30

dDZOl'

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=c9c3551736c247ae3515d278dcfab12a

ISO/IEC 30193:2020(E)

Inner zone 1 shall start at the end of the data zone 1 d|;;; and shall end at the beginning of data zone 1
at diameter dpy;.

Inner zone 2 starts in the area extending from diameter 44,0 mm to diameter 44,4 mm and shall end at
the beginning of the data zone 2 at diameter dpy,.

Lead-out zone shall start at the end of the data zone 2 at diameter dy;,, and shall end at diameter
minimum 117 mm.

10.9 Rim area

THe rim area is the area outside the information area, starting at d;; and extendingte’the outer
dipmeter of the disk (see Figure 10).

In|the first 0,5 mm of the rim area, the surface at the read-out side of the disk shall\not be ofitside the
entrance surface in the information area.

In|the remainder of the rim area, the surface at the read-out side of the disk shall not be olitside the
erftrance surface in the information area by maximum h;3 = 0,05 mm.

In[the rim area, the surface at the read-out side of the disk may bednside the entrance surface in the
information area by maximum hy, = 0,12 mm (see Figure 11).

In[the rim area, the top surface of the disk shall not extend oii{side the top surface in the information
arpa by maximum h;z = 0,05 mm (see Figure 11).

11 Mechanical characteristics

11.1 Mass
The mass, m, of the disk shall be 12 g < m <417 g.

11.2 Moment of inertia

THe moment of inertia of the disk shall be <0,032 g.m2.

11.3 Dynamic imbalance

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

11.4.1 _General

Wheén measured by an optical system using the reference servo for axial tracking, and the disk rotating
at a hatf of The Tecording velocity, The diSTance between each recording fayer and the disk reference
plane R (see Figure 11 and Figure 12) in the direction of the reference axis A shall be maximum
hi, = 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.

Due to the integrator function in the reference servo (see 9.10.2 and 9.10.3), this component is
suppressed sufficiently such that the residual tracking errors as defined in 11.4.2 and 11.4.3 are mainly
due to local disturbances.
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11.4.2 Residual axial tracking error for 1x measurement velocity

The residual axial tracking error of each recording layer for frequencies below 1,6 kHz (= f,, see 9.10.2),
measured using the reference servo for axial tracking as specified in 9.10.2, shall be maximum 45 nm,
(displacement of the objective lens needed to move the focal point of the optical beam onto the
recording layer) with the disk rotating at 1x reference velocity, 3,688 m/s, and with the read power at
(0,70 £ 0,10) mW for any layers of a TL disk. It is recommended to measure the residual axial tracking-
error signal in a short period to avoid the deterioration of the read stability at 1x reference velocity.

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

be excluded:

The meaguring filter shall be a Butterworth LPF, with f_; 45 = 1,6 kHz and slope = -60 dB/decade:

This meahs that for frequencies <1,6 kHz, the maximum local acceleration of the recording'layer in the
direction|of reference axis A does not exceed 6,0 m/s2,

The rms foise value of the residual error signal in the frequency band from 1,6 kHz te 10 kHz, measurgd
with an iptegration time of 20 ms and using the reference servo for axial tracking,-shall be maximym
32 nm. The measuring filter shall be a Butterworth BPF from f ; 45 = 1,6 kHz with slope = +60 dB/
decade tq f 3 45 = 10 kHz with slope = -60 dB/decade.

11.4.3 Tsidual axial tracking error for 2x measurement velocity,

The residual axial tracking error of each recording layer for frequéncies below 3,2 kHz, measured usipg
the refergnce servo for axial tracking as specified in 9.10.3, shalllbe maximum 110 nm (displacement{of
the objective lens needed to move the focal point of the opticalkbeam onto the recording layer) with the
disk rotating at 2x reference velocity, 7,375 m/s, and with.thée'read power refers to 9.4.

Spikes in| the residual axial tracking-error signal due' to local defects, like for instance dust apd
scratcheg| shall be excluded. For 2x measurement velocity, local defects that cause large axial trackipg
errors shall be taken into account as described incy10.

The meaduring filter shall be a Butterworth IPF, with f_; ;5 = 3,2 kHz and slope = -60 dB/decade.

This meaps that for frequencies <3,2 kHz the maximum local acceleration of the recording layer in the
direction|of the reference axis A does.ot exceed 10,8 m/s? (see 9.10.3). However, due to the additional
reductior] of low-frequency components by the second order integrator function, the maximym
acceleratfon at frequencies below-about 400 Hz can reach values up to 45 m/s2. The rms noise value|of
the residyial error signal in thefrequency band from 3,2 kHz to 20 kHz, measured with an integratipn
time of 1P ms, using the peference servo for axial tracking, shall be maximum 32 nm. The measuripg
filter shall be a Butterworth BPF, from f_; 45 = 3,2 kHz with slope = +60 dB/decade, to f 5 45 = 20 kHz
with slopg = -60 dB/decade.

NOTE Residualiaxial tracking error for 2x measurement velocity defined in 11.4.3 is applied, only if the d}sk
supports ifeading.at 4x reference velocity.

11.5 Radialruneut

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

The radial runout of the tracks in each recording layer (including eccentricity and unroundness) shall
be measured by an optical system using the reference servo for radial tracking while the disk is rotating
at a half of the recording velocity.

The radial runout shall be maximum 75 pm pp.
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Due to the integrator function in the reference servo (see 9.11.2 and 9.11.3), this component is
suppressed sufficiently such that the residual tracking errors as defined in 11.5.2 and 11.5.3 are mainly
due to local disturbances.

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

11.5.2 Residual radial tracking error for 1x measurement velocity

The residual radial tracking error for frequencies below 1,8 kHz (= f,, see 9.11.2), measured using the
reference servo for radial tracking as specified in 9.11.7Z, shall be maximum 13 nm with the disk rotating
at[1x reference velocity, 3,688 m/s, and with the read power at (0,70 + 0,10) mW for anylayer of a TL
difk. It is recommended to measure the residual radial tracking-error signal in a shorgperiogl to avoid
ddterioration of the read stability at 1x reference velocity.

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

THe measuring filter shall be a Butterworth LPF with f 5 45 = 1,8 kHz and-slope = -60 dB/decade.

TRhis means that for frequencies <1,8 kHz, the maximum local acceleration of the tracks in the radial
difection does not exceed 2,2 m/s2.

ThHe rms noise value of the residual error signal in the frequeney.band from 1,8 kHz to 10 kHz, Eeasured
with an integration time of 20 ms and using the referencedervo for radial tracking, shall be fnaximum
9,2 nm. The measuring filter shall be a Butterworth BPE from f ; 45 = 1,8 kHz with slope § +60 dB/
ddcade to f 3 45 = 10 kHz with slope = -60 dB/decade.

11.5.3 Residual radial tracking error for 2x measurement velocity

The residual radial tracking error in eacha€cording layer for frequencies below 3,6 kHz, measured
uging the reference servo at for radial tracking as specified in 9.11.3, shall be maximum 20 nnj with the
digk rotating at 2x reference velocity, 875 m/s, and with the read power as in 9.4.

Spikes in the residual radial tracking-error signal due to local defects, like for instance |dust and
scratches, shall be excluded.

THe measuring filter shallbe-a Butterworth LPF, with f_; ;5 = 3,6 kHz and slope = -60 dB/decdde.

This means that for frequencies <3,6 kHz, the maximum local acceleration in the radial diredtion does
ndt exceed 3,4 m/s?,see 9.11.3. However, due to the additional reduction of low-frequency components
by] the second order‘integrator function the maximum acceleration at frequencies below abofit 400 Hz
can reach values-up to 15 m/s2. The rms noise value of the residual error signal in the frequgncy band
from 3,6 kHz(to 20 kHz, measured with an integration time of 10 ms, using the reference [servo for
rafial tracking, shall be maximum 9,2 nm. The measuring filter shall be a Butterworth BPF, from
f-4 457 376 kHz with slope = +60 dB/decade, to f_3 45 = 20 kHz with slope = -60 dB/decade.

NQTE Residual axial frnr‘king error for 2x measurement velocity defined in 11 .5 3 ig qpplipd onlvlif the disk
supports reading at 4x reference velocity.

11.6 Durability of cover layer

11.6.1 Impactresistance of cover layer

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

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

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

11.6.3 Repulsion of fingerprints by cover layer

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

The repul

12 Optical characteristics in information area
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ving requirements shall be fulfilled within the information area of the djsk.

pcifications of the transmission stacks (TS) include all possible layersyon top of the recordi
cerned (such as gluing layers in case of foils, the spacer layers andyall the semi-transparg

ige thickness between radius.r; and radius ry is called the reference thickness of the relat
bion stack (TS0, TS1 or TS2) on the disk (see 10.2 and Figure 12).

nesses of TS0, TS1 and~TS2, measured over the whole disk, shall fulfil the following eig
ents:

15, for referencejto requirements a) to c), the curves show the thickness ranges with equivalg
aberration.<Fhe ratio of a thickness with arbitrary refractive index n to that with refracti
) is expressed by an approximate function of g(n) [see Formula (23)]:

-1,1134 x n3+ 5,814 3 x n2-9,8808 x n + 6,476 0 (2

stack of layer Ln in case of TS0, the cover layer and possibly a protective coating).
ractive index of transmission stacks (TS)
ers making up the total TS have different refractive indexes, then the procedure described|i
hall be followed.
ctive index, n, of the cover layer and spacer layer of the disk shall be as per Formula (22):
n<1,70 (2
ckness of transmission stacks\(TS)

ng
nt

2)

ht

nt
ve

3)

Figure 16 shows a coelTicient Tunction for converting the actual thickness to an effective thickness Tor
requirements f). The actual thickness means physical value. The effective thickness means imaginary
value when refractive index is assumed to be 1,60.

The actual thickness of arbitrary refractive index n is converted to an effective thickness of standard
refractive index of 1,60. Defocus values of the actual and effective thickness are the same. In this
subclause, defocus is defined as the focus position movement of the light going through the transparent
medium with each thickness and each refractive index.
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The coefficient function of f(n) equals tan(6,) / tan(6,), where 6, and 6, are the converging angles in
the transmission stack with refractive indexes of 1,60 and the arbitrary value of n, respectively. The
function f(n) is expressed approximately by Formula (24):

f(n) =-1,088 0 x n3 + 6,102 7 x n2 - 12,042 x n + 9,100 7

(24)

The thickness of TSO (all layers on top of layer L0) depends on the refractive index and shall be
within the uppermost shaded area in Figure 15 (In case of a refractive index of n, the thickness
shall be between 94,0 x g(n) um and 106,0 x g(n) um, and the dashed curve indicates the nominal

thickness as a function of the refractive inde)

b)

f)

g)

h)

12
In

It
of]

a)

The thickness of TS1 (all layers on top of layer L1), as determined by its refractive ihdey
within the middle shaded area in Figure 15 (In case of a refractive index of n, the thicknes
between 69,0 x g(n) pum and 81,0 x g(n) pm, and the dashed curve indicates the'rominal
as a function of the refractive index).

The thickness of TS2 (all layers on top of layer L2), as determined by its refractive indey
within the undermost shaded area in Figure 15 (In case of a refractive’index of n, the
shall be between 52,0 x g(n) pm and 62,0 x g(n) um, and the dashed-Curve indicates th¢
thickness as a function of the refractive index).

The thickness of spacer layer1 (51), sandwiched by layer L0 and layer L1, shall be betwee
and 30,0 pm.

The thickness of spacer layer2 (5§2), sandwiched by layér L1 and layer L2, shall be betwee
and 23,0 pm.

The thickness differences shall meet the requirement € - (§1 + 52) 21,0 pm and S1 - S2 2

51, 52 shall be converted from their actual thickness to their effective thickness by being 1
by f(n) shown in Figure 16, where thickngess of TS2 equals the cover-layer thickness (C
refractive index].

The maximum deviation, AD, of the thickness of TSO and TS1 from their respective
thickness shall meet the requirement [AD| < 2,5 pm.

The maximum deviation, AD,-of the thickness of TS2 from its reference thickness shall
requirement |[AD| < 2,0 pn:

.4 Example of target thickness of spacer layers for TL disks
mass productiofy;simple target values of thicknesses are useful.

s recommended that when the following three requirements are fulfilled, then requiremen
12.3 are@lways fulfilled for a refractive index of 1,60.

Thethickness of the spacer layerl (S1) should be 25,0 pym * 2,0 pm.

(, shall be
s shall be
thickness

, shall be
thickness
b nominal

N 20,0 um

N1 13,0 um

1,0 um [C,
hultiplied
and n is

reference

meet the

ts a) to f)

b)

Phethickness aofthe snacerlaver?2 (S22 Y chouldbhe 18 0 um + 2 0 um
g Y =7 -

c)

The thickness of TS2 (= C) should be 57,0 um + 2,0 pm.
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Figure 15 — Thickness of transmission stacks as function of reflective index
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Refractive index of Spacer Layer

Figure 16 — Ratio of effective thickness with refractive index 1,60 and that with arbitral
refractive index, n

12.5 Reflectivity of recording layers

The reflectivity of each recording layer in the information zone, including transmission through the
transmission stack concerned, shall fulfil the following requirements independent of the recording
status of the other recording layers (whether unrecorded, recorded or partially recorded) under the
measurement conditions of Annex B as follows:
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in unrecorded virgin grooves:
— oflayer LO and layer L1: Ry, = 1,5 %to 4,0 %;
— and of layer L2: Ry, = 2,2 %to 4,0 %;
in unrecorded erased grooves:

— oflayer LO and layer L1: R 1,4 %to 4,0 %;

WY

17
TH

T}

17

Th
re
to

coyver layer and/or(spacer layer (see Figure 17).

ge ™
A | £1] 12 D 2004 4 4004
——anaorayertz: g~ 2,V 7010 1,U"70;
— ateach location on the disk: 0,75 % Ry, <Ry <125 ®Rg,

in recorded grooves for the first 10 DOW cycles:

— oflayer LO and layer L1: Rgy; = 1,4 %to 4,0-%;
— and of layer L2: Rgy = 2,0%t0 4,0 %;
— at each location on the disk: 0,75 R, < Rgyy < 1,25 x Ry ,.

ritten marks shall have a lower reflectivity than the unrecordedlayer.

.6 Birefringence
e in-plane birefringence of the transmission stacks shall be (see Annex]) as per Formula (2
An, <1,5x107*

e perpendicular birefringence of the transmission stacks shall be (see Annex |) as per Fornj

An; <1,2x1073

.7 Angular deviation

e angular deviation isthe angle @ between a parallel incident beam perpendicular to
ference plane P and the reflected beam. The incident beam shall have a diameter in the rang
1,0 mm. The anglé-a includes deflections of the entrance surface and to lack of paralleli

1

5):
(25)

ula (26):
(26)

the disk
e 0,3 mm
sm of the
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Cover Layer

Recording Layer
Substrate §Lay

\ Read-out

Surface

% U Reflected beam

N

AIncident beam

Figure 17 — Definition of angular deviation

The requirements for the angle a are as follows:

— in thle radial direction:

— [under the normal test conditions specified in'8.1.1: |a] hax = 0,60°;

— [under the “sudden change” test conditions specified in 8.1.1:  |a|,,, = 0,70°;
— in thle tangential direction:

— Junder the normal test conditions specified in 8.1.1: || pax = 0,30°.

13 Data format

13.1 General

The data|received frourthe source (application or host), called user-data frames, are formatted i a
number df steps before being recorded on the disk (see Figure 18).
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User Data

32 frames
X 2 048 bytes

32 Sectors

User Control Data

32 units
X 18 bytes

A4

Data Frame

32 frames
X (2 048 bytes Data

+4 bytes EDC)

A

Scrambled Data Frame

32 frames

N

X 2 052 bytes

A4

|_Phys. Sector Number

Addr. Unit Number
16 addresses x 4 bytes

Primary Addr. Fields

A 4 A 4

Data Block 16 addresses x 9 bytes Access Block
304 columns ﬂ 24 columns
216 rows Addr. Fields 30 rows
16 addresses x 9 bytes
\ 4 \ 4
LDC Block BIS Block
304 columns 24 columns
216 rows data 30 rows data
\\
32 rows parity 32 rows parity
\ 4 \ 4
LDC Cluster BIS Cluster
152 columns 3 columns
496 rows 496 rows
/ 7 7
v v ] 4 X y X
LDC BLS< LDC BIS LDC BIS LDC 496 rows divided in
. 16 Address Units
38 col. MOI. 38col. |1colf 38col. |1col| 38col of 31 rows each
[
ECC Cluster
(155 columns )
o1 1. 496_ o
Frame dc dc dc .
sync dza; 3lcontr, di\ga contr| dz;a contr, | Recording
20 Frames
Physical Cluster ———>

(1 932 Channel bits
=1 288 data bits)

- i —sdi . omrof H

They are transferred successively into data frames, scrambled data frames, a data block, an LDC block,
and an LDC cluster.

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

The LDC cluster and the BIS cluster are multiplexed and modulated into:

— aphysical cluster, consisting of 496 recording frames.

© ISO/IEC 2020 - All rights reserved
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The data on BD rewritable disks is recorded in 64K partitions, called clusters, containing 32 data
frames with 2 048 bytes of user data. These clusters are protected by 2 error correction mechanisms
as follows.

— Firstthe datais protected by along-distance error-correction code (LDC), consisting of (248,216,33)
Reed-Solomon (RS) code-words. This code has ample parities and interleaving length with a good
overall efficiency, and can correct both random errors and burst errors.

Secondly, the data is multiplexed with a powerful burst indicator subcode (BIS), which consists of

(62,30 33) Reed Solomon (RS) code Words These BIS code words carry addresses for allocatlon

purpes Feana
bursf errors, by means of Wthh the LDC can eff1c1ently perform erasure corrections.
The comHination of these two codes is called an “LDC+BIS code” (see Figure 19).
All the data is arranged in an array as indicated in Figure 19. This array is read in_the’ horizontal
direction| row after row, and recorded on the disk after insertion of additionalcdic. control bils,
modulatipn, and insertion of synchronization patterns.
The errof-correction codes are applied in the vertical direction, which gives,a'good basic break-up|of
burst err¢rs on the disk. Additionally, the LDC code-words have been interleayved in a diagonal directign.
Sync 38 1 38 1 38 1 38
bytes byte bytes byte bytes byte bytes
T Do ........ D37 Bo D38 ...... D75 B1 D76 D113 Bz D114. D151 T
D152 ... D1s9 B3 D190 coeveeeee
Address| 31
Unit 0 | rows
SRS SR SUS! U S AUUUOO AN N DO A v
data stream
496 > > > > > > >
rows on disk
AN 5
Address| 31
Unit 14 | rows
o] Yo
T
Address| 31
2 Unit 15| rows
....... D75391 ~L

40

Figure 19 — Schematic representation of physical cluster on disk
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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 for a fast addressing mechanism embedded in the written data.

Physical sectors:

A data frame accompanied by its control data is called a sector. All sectors in all physical clusters all

oV
a\

th

Lggical sectors:

N
in

called logical sectors.

13.2 Data frame

A
T}

(s¢

13
TH

er the disk (including the inner and outer zones) are called physical sectors. All physical sedtors have
rirtual number assigned, called the physical-sector number (PSN). These PSNs are nottecofded onto
e disk; however, they are synchronized with the AUNSs.

t all physical sectors are available for storage of user data delivered by the application orfhost. The
her and outer zones are excluded. The remaining sectors are available for.storing user datia and are

lata frame consists of 2 052 bytes: 2 048 bytes of user data.and 4 bytes of error-detection cgde (EDC).
e 2 048 user data bytes are identified as ud, to ud, (4and the 4 EDC bytes as ed, (45 {0 ed; 51

be Figure 20).
0 udg )
2 048
User Data
bytes 2 052
N3 ud 947 bytes
/T\ edy 048
4 edy 049
EDC bytes ed, oso
\ ed, o5 ¥

.3 Error-detection code (EDC)

Figure 20 — data frame

e@; byte field edz 048 O edz 051 shall contain an error-detection code computed over the 2 04B bytes of

us

1 Ude bUllbluCl lllg LllC ude ll dllic ds d blllslc UlL llClu, star Llllg VVILll LllC lllUbL‘blglllllLdllL UlL fthe flI'St

User data byte (ud,) and ending with the least-significant bit of the last EDC byte (ed, (5;), then the msb
is by 415 and the Isb is b,

Each bit b; of the EDC is shown Formula (27) fori= 0 to 31:

0
EDC(x)= Zbixi =I(x)modG(x)
i=31
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32
Z b.x" and G(x)=x32+x31 +x*+1.
i=16 415

13.4 Scrambled data frame

Each datgtremeconsisine ol 2 052 bytes obuser data+ b shall becermmbledwith-theoutputobthe
circuit defined in Figure 21 in which blts s7 (msb) to s, (Isb) represent a scrambling byte at each 8-bit shift.
The hearft of the circuit is a linear-feedback shift register (LFSR) based on the polynomijal-as per
Formula (28):

@ (x)=x10+x15+x13 4 x4 +1 (28)
Here, s, tp s;5 form a 16-bit shift register. At each shift clock, the content of s, shiftstos,,; (n=0.. 1),
while s is set to s;5 D s14 D s1, D s3 (Bstands for exclusive-or).

At the beginning of the scrambling procedure of each data frame, the shift register s, to s;5 shall pe
preset with a value derived from the (virtual) PSN associated with the data frame (see Clause 17). The
16-bit préset value shall be composed in the following way:
— sy5 shall be set to ONE,
— Sy4- $o shall be set to PSq .. PS; of the PSN (see Figure21).
The samgq preset value shall be used for all 32 data frames within the same cluster.
Physical Sector Number (PSN)
MSB LSB
p P P P P p P P|P P
S S S S S S S S| [S|S S
3 2 2 1 1 1 8 5(4 0
1 4 3 9 6 5
I \\ YYVVVYYVY
ara -
Foad d_>si§ Si slslsls|s|s|s| s« shiftclock
54| |2 7|6]5(4|3|2|1|Ole
[
LD M M
T N
Figure 21 — Scrambler circuit
After loading the preset value, s; .. s are taken out as scrambling byte S;,. Then an 8-bit shift is repeated

2 051 tim

es and the following 2 051 bytes are taken from s; .. s, as the scrambling bytes S; to S, ys;.

The 2 052 bytes ud/ed; of the data frame become scrambled bytes d; where:

d,=ud/ed;, @ S, for k=0 to 2 051; & stands for exclusive-or.

42
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13.5 Data block
In the next step, 32 scrambled data frames (F = 0..31) are combined into one block of data (see Figure 22).

ISO/IEC 30193:2020(E)

These data are rearranged into an array of 216 rows x 304 columns by dividing each scra
frame into 9,5 columns as shown in Figure 23. This new array,is ‘called a data block. It shou'lr‘ibe noted
thpt every even scrambled data frame ends halfway downsacolumn, and every odd scrampled data

frame starts halfway down a column.

<+ 32 Frames —>
0 1 F 31
T Cl0,0 d0,1 dO,F C10,31
dio di dir di31
2052
bytes
dZ 050,0 dZ 050,1 d2 050,F dZ 050,31
¢ d2051,0 dz 0511 d2051,F d2 051,31
Figure 22 — 32 scrambled data frames

bled data

«— 304 celumns -
0 1 9 10 18 19 303
T doo d216,0 d19440-3" d1ogn d18361 do,2 d1 83631
di0 d217, digaso | dioon d18371 di. d1 83731
d2 0500
216 dz 051,0
rows do1
di1
d106,1
\ d21s,0 daz1,0 d107,1 d3231 dzos1,1 | d2isp dz 051f31

Figure 23 — Composition of data block from 32 scrambled data frames

13.6 LDC block

The bytes in each column of the data block are renumbered as shown in Figure 24 starting from the top
of each column as follows: e ; e; | .. €; . to e,15;, in which L represents the code-word number (= the

column number: 0 to 303).

The LDC block is completed by extending each of the columns with 32 parity bytes according to a
(248,216,33) long-distance RS code. The parity bytes are numbered: py16; P217, . Pj1, - 10 Pogp.

© ISO/IEC 2020 - All rights reserved
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<« 304 columns -
Code word | Code word Code word Code word | Code word
0 1 L 302 303
T T €0,0 €o,1 €o,L €0,302 €0,303
216 e0 el el €1,302 €1,303
rows €2,0 . . . .
with :
1 LDC data : : : : :
code-word €215,0 €215 €215, €215.302 €215303
4248 T P216,0 P216,1 P216.L P216,302 P216,303
Hytes 32 : : : : :
rows
with
parity : : : :
»L ~L P247,0 P2471 P247.L P247,302 P247,303

13.7 LD

The long
field GF(2
per Form

p(x)

The sym
represent

Each LD(
Solomon
be repreg
where th
degrees ¢

li(x)isa
as per Fol

~—

g(x

The LDC
each codg

+x8+x*+x3+x%2 +1

Figure 24 — Renumbering data bytes and forming LDC block by adding parities

C code-words

distance RS code is defined over the finite field GF(28),-Fhe non-zero elements of the fin
8) are generated by a primitive element @, where « is aro6t of the primitive polynomial p(x)

hla (29):
(2

bols of GF(28) are represented by bytes“(groups of 8 bits), using the polynomial-bg
ation, with (a7, a®, a5, .., @?, a, 1) as a basis. The root « is thus represented as a = 00000010

code-word, represented by the vegtor Iy = (€ - €; - €215, P216,1 - PjL - P247,), s @ Reg
code over GF(28), having 32 pakity bytes and 216 information bytes. Such a code word ¢
ented by a polynomial /,.(x)wof degree 247 (possibly having some coefficients equal to zer|
 highest degrees corresppnd to the information part of the vector (e, .. etc.) and the lowq
prrespond to the parity part of the vector (p,4 - etc.).

multiple of the generator polynomial g(x) of the LDC code-word. The generator polynomial

'mula (30):

31

(e

i=0

(3

s systematic: the 216 information bytes appear unaltered in the highest-degree positions

d-
A1

D),

St

—

S

0)

of
e_

word. The parity-check matrix H; - of code ;. is such that H; n x [;,.T = 0 for all LDC cod

words Iy,

The second row h; ¢ , of the parity-check matrix Hjc, corresponding to the zero a of the generator
polynomial g(x), defines the code-word positions to be used for error locations. This second row h; ¢
of the parity-check matrix H; . is given by Formula (31):

hLDCZ

44

= (@24, a246 . a2, @, 1)

(31)
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13.8 LDC cluster

13.8.1 General

After generating the LDC code-words, the LDC block is interleaved in a 2-step process, resulting in the
LDC cluster.

13.8.2 Firstinterleaving step

In the fi interleaving with 152

columns and 496 rows.

Eqch new column is formed by multiplexing each even column from the LDC block, with’thel next odd
column. The new column is filled by taking the first byte from the even LDC block*column| then the
figst byte from the odd LDC block column, next the second byte from the even ¥.DC block column,
followed by the second byte from the odd LDC block column, etc., as shown in Figure 25.

<« 152 columns —
0 1 151
T €0,0 €0,2 : : €0,302 T
€0,1 €0,3 : : €0,303
432 €10 e1,2 : : €1,302
rows €11 €13 : : €1,303
with :
data
€215,0 €215,2 g : €215,302
J €215,1 €2153 : : €215,303 496
T P216,0 P216,2 : : P216,302 rows
P216,1 Pz216,3 : : P216,303
64 P217,0 p217,2 : : P217,302
rows P2171 P217,3 : : P217,303
with : : :
parity
P247,0 P247,2 : : P247,302
~L P2471 P247,3 : : P247,303 ~L

Figure 25 — First step of interleaving

13.8.3 Second'interleaving step

Tdreducethe influence of error propagation and further improve the burst error correcting capabilities,
ar] additional interleaving is introduced.

All'rows of an LDC blocK resulting from the Iirst interleaving step shall be shifted over mod(k x 3,
152) bytes to the left where k = div(row_number,2), 0 < row_number < 495. The bytes that shift out at
the left side are re-entered in the array from the right side (see Figure 26).

After this process, the bytes are renumbered in the horizontal direction through all the rows resulting
in the numbering D to D,z 397 as indicated in Figure 19.
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Figure 26 — LDC cluster
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13.9 Addressing and control data

13.9.1 General

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

13.9.2.1 General

F(Jr positioning the optical head onto the desired track, a fast addressing mechanism is implemented
by subdividing the 64K physical clusters into 16 address units. Each address unit contains’an address,
which is placed in such a way into the BIS code-words (see 13.11) that it can be,accessed quickly

(s¢e Figure 27).
Edch address field consists of 9 bytes as follows:

—{ 4 bytes for the address-unit number (see Clause 17);

— 1 byte for flag bits;
—|{ 4 bytes for error correction.
<« 16°Addresses -
0 1 : S : 15
T Partially AFo_o AFO,1 : AFOIS : AFO_15
qulfled and AF1, AFyy : : : AF:1s
inverted
Address-Unit : : : : : :
9 Numbers AFs3p AF34 : AF3s : AFs315
bytes Flag bits AF 45 AF41 : AF45 : AF415
Partially AFs) AFs : AFss : AFs 15
inverted
parities ) ' ) ' ) '
J AFgp AFg : AFgs : AFg s

Figure 27 — 16 address fields

13.9.2.2 Byte assignment for address fields

Bdfore describing address fields, primary address fields, which consists of address-unit number, flag
bits.and parity bytes, are defined as follows:

PAF, ¢ = MSB of the address-unit number with modified bit order as
{AU31, AU30, AU29, AU28, AU24, AU27, AU26, AU25};

PAF, ¢ = 2nd SB of the address-unit number;

PAF, ¢ = 3rd SB of the address-unit number;
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= LSB of the address-unit number;

= flag bits: These bits can be used to indicate a status of individual data frames
in a cluster or can be used to hold other information, such as for

instance an address. The basic format for assigning some of these flag

bits is specified in 13.9.2.3. Flag bits not used shall be set to ZERO.

PAFs ¢.. PAFg ¢ = parity bytes for forming an (9,5,5) RS code over the primary address field.

This RS code is defined over the finite field GF(28). The non-zero elements of the finite field GF(28)

are genel
Formula

p(x)

The sym

represenfation, with (a7, a, a, .., a2, a, 1) as a basis. The root a is thus representedas a = 00000010.

Each primary address-field code-word, represented by the vector pafc = (PAFy"..PAF; ¢ .. PAFg g), i

Reed-Sol

be repredented by a polynomial pafc(x) of degree 8 (possibly having some"coefficients equal to zer

where th

lowest degrees correspond to the parity part of the vector (PAFs .48tc.).

pafc(x) is

g(x)

a multiple of the generator polynomial g(x) of the primary address-field code-word. T
generatof polynomial is as per Formula (33):
3
() ‘
i=0

The prinjary address-field code is systematiei-the 5 information bytes appear unaltered in t

highest-d
Hpppe X p

ated by a primitive element a, where « 1s a root ol the primitive polynomial p(XJ as.j
32):

x84 x+x3+x2 41 (3
bols of GF(28) are represented by bytes (groups of 8 bits), using thepelynomial-bg

mon code over GF(28) having 4 parity bytes and 5 information bgtgs. Such a code word ¢

e highest degrees correspond to the information part of the wéctor (PAF .., etc)) and ¢

pgree positions of each code word The parity-check matrix Hp,pc of code pafc is such th
nfcT = 0 for all primary address-field code-words pafc.

er

2)

A1l

D),
he

3)

he
at

The secopd row hppg , of the parity-e¢heck matrix Hp,pc corresponding to the zero a of the generator

polynomijal g(x), defines the code-word positions to be used for error locations. This second row hp,y
of the paijity-check matrix Hpg is given by Formula (34):

hPAFC

Address flields are defined as the following by partially inverting primary address fields:
AFO,S = P[LFO,S,
AFl,S = P[LFLS,

AF, ¢=al
AF3 g=al

b=(8 a’..a% a 1) (3

C 2

4)

bitsnverston im PAF, 5;

I bits inversion in PAF; g;

AF; ¢ = all bits inversion in PAF; g;

AFg ¢ = all bits inversion in PAF g

AF; o= PAF;
AFg ¢ = PAFg q.
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13.9.2.3 Address-unit numbers

The 16 address fields to be recorded in the BIS columns of the physical cluster each contain a 4-bytes
address-unit number (AUN).

The address-unit numbers shall be derived from the PSN as defined in Figure 28. The address-unit
numbers increase by 2 for each successive address unit, for reasons of synchronization with the PSN
(see Clause 17).

The address-unit number of the first address unit of each physical cluster is a multiple of 32.

The first address-unit number in the data zone 0 is 00 10 00 00h (1 048 576 decimal).
The last address-unit number in data zone 1 is 03 EF FF FEh (66 060 286 decimal)

The first address-unit number in data zone 2 is 04 10 00 00h (68 157 440 decimal)'
The bits of the address-unit numbers shall be set as follows:

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

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

— AU, shall be reserved.

© ISO/IEC 2020 - All rights reserved 49


https://standardsiso.com/api/?name=c9c3551736c247ae3515d278dcfab12a

ISO/IEC 30193:2020(E)

PSN
L
#~ MSB LSB T
P P P P P P P[P P
S S S S S S S S|s S
3 2 2 1 1 3 5|4 0
Y 3 6 5
| | | | | | | | In Cluster
count ZERO
Address Unit Number [ —
LR R ) (BRI 1111
ATATA A A 5) Y A AlA AlA
i ululofuul v ul (U ul |ul [uju ulu Q
3 212121212 2 1 1 8 71 |54 110 (l/
1 8171615 |4 3 6] |5 q/Q
Q
r r r (H
m 1 m 1 m 1 m
: y| : SHNARASE

b B
PAII:O S PAF ¢ PAF, ‘%
flag bits [ \%

A I>3 ©
i ) Q O
PAF, \Q
parity bytes K\%rimary Address Field
- A ") “\
Y g
I
A
PAF; g PAF N 07 PAF, g PAFg
N\
xO
-
u’(&ﬁeld
+I\AF;
« AF
@ AF,, =
& B
AF, ¢ =

=O- Afss
AF¢

C.)\J AF,
Q AF, s
Q.

Figpre 28@0mposition of AUNs, primary address field and address field from PSNs
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13.9.2.4 Assignments for the flag bits

Bit b bs bs b4 bs b, by bo

Byte
AF4s

AF4_0 Sao_1 Sa1_1 Sao,o Sa1_o IdT7 RdlS Rsv Rsv
AF4_1 532_1 Sa3_1 Saz,o Sa3_o IdTs Rd14 Rsv Rsv
AF4 2 Sa4 1 Sas 1 Sa4 0 Sas 0 IdTs Rdi3 Rsv Rsv

St
ad

Bi

for

Bi
re

Bi
R]

AF43 Sae1 Saz1 Sago Sazp IdT4 Rd12 Rsv Rsv
AF44 Sag1 Sag1 Sag Saogp IdTs Rdu1 Rsv Rsv-
AF,4s Saio1 Sai11 Saio Saii0 IdT2 Rd1o Rsv Rsv
AF46 Saiz1 Saiz1 Saizp Saizp IdT: Rdo Rsw Rsv
AF47 Sai41 Sais1 Saisp Saiso IdTo Rds Rsv Rsv

AF4g Saien Saiz Saieo Saizp Rsv Rd Rsv Rsv
AF49 Saign Saign Saigo Saigp Rsv Rds Rsv Rsv
AF4110 Sazo1 Sazi1 Sazo0 Sazip Rsv Rds Rsv Rsv
AF411 Saz1 Sazs1 Saz Sazsp Rsv. Rds Rsv Rsv
AF412 Sazsa1 Sazs1 Sazsp Sazs,o Rsv Rds Rsv Rsv
AF413 | Saze: Sazz1 Sazeo Saz70 Rsv Rd2 Rsv Rsv
AF414 Sazg1 Sazg1 Sazsp Sazgp Rsv Rd: Rsv Rsv
AFy415 Sazo 1 Sazi1 Sazo Saz1 Rsv Rdo Rsv Rsv

Rsv: Reserved unless otherwise specified by the BDAP.

Figure 29~ Flag bits from 16 address fields
atus bits Sa; ; (0 <i< 31, 0 </ 1): Because each cluster contains 32 data frames and there a
dress units, each such address unit shall hold the flag bits for 2 data frames (see Figure 29)

F b; and bit bs of the stccessive flag bytes AF, ¢are defined as status bits Sa,¢; and Say, res
data frame 25.

spectively, f0f data frame 25+1.

s b; andib, of all flag bytes AF, ¢ shall be reserved unless otherwise specified by the BDAP.

(see

e only 16

pectively,

[ by and bit I, of the successive flag bytes AF, ¢ are defined as status bits Sa,g,;; andl Sayg,, o

tag value

D tag bits IdT Bits b3 of the successive flag bytes AF4 o to AF4 7 shall represent the RID|

IdT, (see Flgure 29 )

Bits b of the successive flag bytes AF, g to AF, ;5 shall be reserved.

b ghall be at

Recording data bits Rd;: Bits b, of the successive flag bytes AF, ; shall represent the date when the
cluster containing this address unit has been recorded in the following format (see Figure 29):
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Rd;s to Rdg: These 7 bits shall represent the actual year - 2 000 as an unsigned binary number

Rdg to Rd

Rd, to Rd

with Rd; s as the msb;

5 These 4 bits shall represent the actual month as an unsigned binary number with Rdg
as the msb;
0 These 5 bits shall represent the actual day of the month as an unsigned binary num-

ber with Rd, as the msb.

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

13.9.2.5

Each pair
The folloy

Sa;1/Sa;

In the wus
Furtherm

drive to ¢

In all oth
be set to

Conseque
if Sa;;/S4

if Sa;;/S4

1393 U

Usage of status bits Sa;;

of status bits Sa;,/Sa; is used to indicate the status of an individual data frame dn & clust
ving settings are defined:

= 00: data frame contains general user data;

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

11: data frame contains padding data inserted by thedrive to complete clusters
before recording them onto the disk;

Other: reserved unless otherwise specified by:the BDAP.

ore, the status bits Sa;;/Sa; , shall be set tocl1 in data frames that have been inserted by t
omplete clusters before recording them onto the disk (padding).

pr cases, where the data for data framie 7'is supplied by the host, the status bits Sa;;/Sa;  sh
0.

ntly:
0 is setto 00, the contefitof data frame i shall be conserved during R-M-W actions.

;0 is set to 01 or 11¢~"the content of data frame i may be discarded during R-M-W actions.

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

ser-control data

er-data area, all status bits Sa;;/Sa;, should be“set to 01 in clusters being written [i
“streaming” mode.

For acce

sirg the user Hafnl cpnr‘ia] control data can he added ta each user-data frame. Thd

se

additional bytes can carry the BDAP-dependent information. A user-data frame accompanied by its
user-control data unit is called a sector. Each user-control data unit consists of 18 bytes (see Figure 30).

52
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<« 32 Units -
0 1 S 31
T UCo_o UCo,l . UCo,s . UCO_31
UC1,0 UC1,1 . . . UC1,31
18 bytes
| UCi79 UCi74 : UCiz¢ : UCq731
- ; ;

Figure 30 — 32 user-control data units

13.9.4 Byte/Bit assignment for user-control data

The user-control data bytes are BDAP-dependent. If this setting is not specified by an BDAP, these bytes
shll be set to 00h.
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Figure 31 — Composition of access block
(from 16 address fields and 32 user-control data units)
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13.10 Access block

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

Because of the need for a fast access of the address fields, the data for these address fields is mapped in

as

pecial pre-interleaved way.

The 9 bytes of each of the 16 addresses (see Figure 31) are grouped into 3 groups of 3 bytes.

Th

e 3 groups of bytes of each of the addresses 0 to 7 are placed in the access blockin a diagonal

direction

in
pd

T}

fofirth and sixth row, starting with address 8 and each successive address shifted-Cyclically 3

to

Wijthin each group of bytes in the third and fourth rows, the bytes are shifted cyclically to thg

on

Within each group of bytes in the fifth and sixth rows, the bytes aré-shifted cyclically to the

™

Mathematically, this mapping of the address bytes into €he access block can be repres

Fdrmula (35):

T}
fil
13

T}
to

column number: 0£0.23).

T}

6p

the first, third and fifth row, starting with address 0 and each successive address shifted )
sitions to the left (see Figure 31).

e 3 groups of bytes of each of the addresses 8 to 15 are placed in a diagonal direction in th

the left.
e-byte position.

o-byte positions.

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

e user-control data unit is placed in‘the column direction, whereby each user-control data
s % of a column (4 user-control data units in 3 full columns; see Figure 31).

.11 BIS block
e bytes in each column-of an access block are renumbered as shown in Figure 32 starting

b of each column ag-fellows: by - by .. b; .. to byg , where C represents the code-word num

e BIS block¢is completed by extending each of the columns with 32 parity bytes accor
,30,33) RSieode. The parity bytes are numbered: pbsg ¢ pbs; ¢ .. pbj ;. to pbg .

yclically 3

e second,
positions

b left over

left over

ented by

(35)

unit only

from the
ber (= the

ding to a
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<« 24 columns —
Code Code Code Code Code
word word : word : word word
0 1 C 22 23
1 0 bo,o bo1 : boc : : bo,23
b1, b1 : bic : : b1,23
30 . . . : . . :
Information : : : b,
]u_ytca g o g o o
b29,0 b291 : b2o,c : : b29,23
One BIS
cdode-word
3 62 bytes v
0 pbzo,o pbzo1 : pbsoc : : pbzo23
32
Parity bytes : g : g : ' :
pbeio | Pbeia . pbe1c ( : pbe1,.23
\ !

Figure 32 — Renumbering data bytes and forming BIS block by adding parities

13.12 BJS code-words

The BIS RS code is defined over the finite field GF(28). The non-zero elements of the finite field GF(38)
are genefated by a primitive element a, wheére « is a root of the primitive polynomial p(x) as per
Formula {36):

p(x)Fx8 +x*+x3+x% +1 (36)

The sympols of GF(28) are-‘represented by bytes (groups of 8 bits), using the polynomial-bgse
representation, with (a7, @®)a®, .., a2, a, 1) as a basis. The root a is thus represented as @ = 00000010

Each BIS rode-word, rgpresented by the vector bis = (b .. b; ¢ .. byg ¢ Pb3g ¢ - Pb; ¢ - Pbgy (), is a Regd-
Solomon [code over. GF(28), having 32 parity bytes and 30 information bytes. Such a code word cpn
be repredented by a polynomial bis(x) of degree 61 (possibly having some coefficients equal to zerp),
where the highest degrees correspond to the information part of the vector (b .., etc.) and the lowgst
degrees doprespond to the parity part of the vector (pbsq ¢ .., etc.).

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

as per Formula (37):

31

g(x):H(x—Oci) (37)
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 Hp g of code bis is such that Hgg x bisT = 0 for all BIS code-
words bis.
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The second row hgg , of the parity-check matrix Hp;g 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 Hpyg is given by Formula (38):

hgis, = (@01, a0 .. a2, a, 1)

13.13 BIS cluster

(38)

After generating the BIS code-words, the BIS block is mapped in an interleaved way into an array of

49

T}
ny
e

T}
ex

6 TOWS X 3 COIUIMS. T TS Mewty formed array 1S catted a BIS TiusteT:

e BIS cluster is subdivided according to the address units as shown in Figure 19(The
mbered u = 0 to 15, the rows in such a unit are numbered r = 0 to 30 and the columns-are 1

# 0 to 2 (see Figure 33).

e essentials of the BIS interleaving scheme are the following (see Figure 32-ahd Figure 3
amples in Figure 34 and Figure 35):

units are
umbered

B and the

each row of the BIS block is split into 8 groups of 3 bytes. These 3-byte groups are each pla
row of the BIS cluster;

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

red in one

block are

the 3-byte groups from an even row of the BIS block.aré placed each in the same row of upits 0 to 7,

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

The first 3-byte group of each successive row gfthe BIS block shall be placed in a unit with
which is one higher than the start unit used.for the previous row as follows:

— row N =0 of the BIS block is placed en'rows r = 0 of units: 0, 7, 6, 5, .., 2, 1;
— row N = 2 of the BIS block is placed on rows r =1 of units: 1,0, 7, 6, .., 3, 2;
— row N =4 of the BIS block(isjplaced on rows r = 2 of units: 2,1,0, 7, .., 4, 3;

a number

— etc,, this process is repeated cyclically until row N=60, which is placed on rows r = 30 of units:

6,54,3,.,07

now, within each.unit, each row r is shifted cyclically to the right by mod(r,3) position
r =0 is not shifted/row r = 1 is shifted 1, row r = 2 is shifted 2, row r = 3 is not shifted, rd
shifted 1, etg;

for the odd-rows of a BIS block, the same kind of procedure is followed, but then using the un

S: SO row
wr=4is

ts 8to 15.
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«— 3 -
column
T T Bo B, B, T T
31 : : : |
\2 Boo Bo1 Bo2 |
T Bos Bos4 Bos l
I |
|
lu
T )
496 \ 16
rows 31 Ir Units
rows «— Bn
\2
T
31
\! \2 B14g7 2

Figure’33 — BIS cluster

Mathematically, the mapping of the<bytes from a BIS block into a BIS cluster can be represented py
Formulad (39) to (41):

Byte by clor pby  (see Figure 32) is placed as follows:

— infunit

— omjmrow

— i column

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

K= div(N,2)

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

(40)

(41)

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

(see Figure 19), is as per Formula (42):

m=@ux31l+r)x3+e

58
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Byte number N,C from BIS Block Shift right Filling in upward direction
(= mod(r,3))
column e
Unit u row r 0 1 2
0 0 0,0 0,1 0,2 0 start of Block row N = 0
1 2,5 2,3 2,4 1 T continuation of Block row N = 2
2 4,7 4,8 4,6 2
3 6,9 6,10 6,11 0
7 174,23 4,21 14,22 T
8 16,1 16,2 16,0 2 start of Blockrow N = 16
30 60,18 60,19 60,20 0
1 0 021 0,22 0,23 0 end of Block row N.= 0
1 2,2 2,0 2,1 1 start of Blockxow 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 [y
1 2,23 2,21 2,22 1 end of Block row N = 2
2 4,1 4,2 4,0 2 start of Block row N = 4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 017 LS5 o0
1 2,20 2,18 2,19 1
2 4,22 4,23 4,24, 2
3 6,0 6,1 6,2 0 start of Blockrow N =6
4 0 0,12 01305 014 0
1 2,17 2315 2,16 1
5 0 O,Q\\ 0,10 0,11
1 2,14 2,12 2,13 1
6 0 0,6 0,7 0,8
1 2,11 2,9 2,10 1
4,13 4,14 4,12
7 0 0,3 0,4 0,5 0 71 continuation of Block row N [ 0
1 2,8 2,6 2,7 1 7T continuation of Block row N f 2
2 4,10 4,11 4,9
7 14,2 14,0 14,1 1 start of Block row N = 14
30 60,21 60,22 60,23 0 end of Block row N = 60

Figure 34 — Example of mapping (partial) of BIS bytes into first 8 units
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Byte number N,C from BIS Block Shift right Filling in upward direction
(= mod(r,3))
column e
Unitu row r 0 1 2
8 0 1,0 1,1 1,2 0 start of Blockrow N =1
1 3,5 3,3 3,4 1
2 5,7 5,8 5,6 2
3 7,9 7,10 7,11 0
8 171 17,2 17,0 2 start of Blockrow N =17
30 61,18 61,19 61,20
9 0 1,21 1,22 1,23 end of Block row N =1
10 0 1,18 1,19 1,20
1 0 1,15 1,16 1,17
| 2 0 1,12 1,13 1,14
3 0 1,9 1,10 1,11
4 0 1,6 1,7 1,8
15 0 1,3 1,4 1,5 0 1 continuation of Block row N = 1
1 3,8 3,6 3,7 1
2 5,10 511 59 2
7 15,2 15,0 15,1 1 start of Blockrow N = 15
30 61,21 61,22 61,23 0 end of Block row N = 61

Figure 35 — Example of mapping (partial) of BIS bytes into last 8 units

Some confclusions:

— All infformatiombytes of the BIS block are found in the first 15 rows of each address unit.

— All pgrity Bytes of the BIS block are found in the last 16 rows of each address unit.

— Eachladdress field is found in the first 3 rows of each address unit (see Figure 36)

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 3 columns from the BIS cluster are inserted one by one.
After multiplexing the BIS cluster with the LDC cluster, the ECC cluster of Figure 36 is reached.

60
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LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns |column| columns |column| columns |column| columns
“— - “— > “— - “— > “— - “— > “— -
T AFop AF1p AF2p
AF3p AF 4 AFsp
AFG,() AF7,0 AF&O Address
Ucu,v H g Unit 0
AFO,l AF1‘1 AFZ,]
496 AF3; AF44 AFs
rows AFe1 AF7, AFg, Addfress
UCyy : : Unjt1
J

Figure 36 — ECC cluster after multiplexing of BIS cluster with LDC cluster

$.15 Recording frames

chrow of an ECC cluster is transformed into awrecording frame by adding locations for the fjame sync
s and for the dc-control bits.

r this purpose, a stream of 1 240 data*bits which is formed by the 155 bytes of each row df the ECC
ster is divided into 1 group of 25 data bits and 27 groups of 45 data bits (see Figure 37)
hst-significant bits of the bytes handled first.

with the

e first group of 25 data bits.is\extended with 20 data bit positions for the insertion of the frame sync,
hich is a special sequence ©f)30 modulation/channel bits.

xt each group of 45 data bits is completed with 1 additional bit position to form a dc-contrd| block.
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P 155 bytes =
38 1 38 1 38 1 38
bytes byte| bytes byte| bytes byte| bytes
< 1 240 bits >
25 45 5 | 45 45
bits bits bits bits bits
| \ \ 7777777777777 o
Franje: data dc data dc data )~dc
Syng¢ control control " control
20| ' 25 1 45 T 45 1

d¢-control block #0 dc-control block #1  dc-control block #2..26 de-€ontrol block #27

46 bits 46 bits 25X 46 bits 46 bits -
1 288 bits

A

>

A

Figure 37 — Composition of recording frame

13.16 Physical cluster

The 496 al

cluster.

rows from an ECC cluster, transformed into recording frames, form what is called a physi

13.17 1VPP modulation for recordable data

13.17.1General

All the bits of recording frames except:the frame sync are converted to modulation bits according to the
17PP modlulation code. This is ag"REL(1,7) code with run-lengths 22T and <8T with and some specjal
propertigs. PP means: parity presérve/prohibit RMTR as follows:
— ifthe 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.

Parjty preserve:

This property makes it easy to control the low-frequency content of the re-
corded signal efficiently (see 13.17.3).

Prohibit RMTR:

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

13.17.2Bit conversion rules

The table in Figure 38 defines the conversion rules from data bits to modulation bits. The data bits
shall be processed from the left to the right (msb’s first, see Figure 37). Remaining bits at the end of the
recording frame shall be encoded according to the table for terminating bits.

A ONE in the tables represents a transition in the recorded signal. The modulation-bit stream is
converted to an NRZI channel-bit stream (see 13.18) and subsequently recorded onto the disk.
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Data bits Modulation bits
00000000 010100100100
00001000 000100100100
000000 010100000
000001 010100100
000010 000100000
000011 000100100
0001 000100
0010 010000
001t 016160
01 010
10 001
11 000 If preceding Modulation bits'= xx1
101 If preceding Modulation bits = xx0
Data bit pattern Substituting
to be substituted Modulation bits Condition.for substitution
110111 001 000000 If nextModulation bits = 010
Terminating Terminating
data bits Modulation bits
0000 010100
00 000

Figure 38 — 17PP modulation code conversion table

13.17.3dc-control procedure

Bdcause a ONE in the modulation-bitstream means a transition in the recorded signal, the polaiity of this
signal can be inverted ifan odd number of ONEs is added to the modulation-bit stream in a contrplled way.
Bdcause of the parity-preserveyproperty of the 17PP modulation code, this is possible just by|inserting
additional bits into the databit:stream and setting these to ONE if an inversion is needed.

In|this way, the accumulated DSV of the recorded signal shall be minimized after each dc-confrol block
by| setting the dc-controlbit at the end of the previous dc-control block to ZERO or ONE (see Figure 37).

13.17.4Frame sync

The physicahg¢lusters consist of 16 address units, where each address unit contains 31 recording frames
(s¢e Figure.18 and Figure 37).

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

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

The last 6 bits define a signature that identifies 1 of 7 different frame sync patterns. The 6-bit signatures
for the frame sync IDs are selected such that their distance with relation to transition shifts is 22.

If the last data bits preceding the frame sync have been coded according to the termination table
(see Figure 38), then the first modulation bit of the frame sync # = ONE, else # = ZERO (see Figure 39).

The frame sync patterns are defined in terms of modulation bits. A ONE in the table represents a
transition in the recorded signal. Before recording onto the disk, the frame-sync codes are converted to
an NRZI channel-bit stream (see 13.18).
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Sync number 24-bit Sync Body 6-bit Sync ID
FSO #01 010 000 000 010 000 000 010 000001
FS1 #01 010 000 000 010 000 000 010 010010
FS2 #01 010 000000 010 000 000 010 101 000
FS3 #01 010 000 000 010 000 000010 100001
FS4 #01 010 000 000 010 000 000010 000100
FS5 #01 010 000 000 010 000 000010 001001
FS6 #01 010 000 000 010 000 000 010 010000

Because 7
by the co

precedin
frame sy

The map§

c (see Figure 40).

Figure 39 — 30-bit frame-sync codes

different frame syncs are insufficient to identify 31 recording frames, each frameisidentified
mbination of its own frame sync and the frame sync of one of the preceding recording frames.
ing of these combinations can be made such that even with missing frame'syncs in 1, 2 of 3
frames, a recording frame can still be identified by its own frame syne ‘and the last presgnt

Rec.Frame n-4 ‘ Rec.Frame n-3 ‘ Rec.Frame n-2 ‘ Rec.Frame n-1 Rec.Frame n

R

bcording Frame n can be
Recording Frame n +
Recording Frame n +
Recording Frame n +
Recording Frame n +

identified from the Frame Sync ID of
Recording Frame n-1
Recording Frame n-2
Recording Frame n-3
Recording Frame n-4

The first
The other

Figure 40 — Identification'of recording frames

recording frame of each address unit has‘a unique frame sync: FS0.

64

frame syncs are mapped as specified in Figure 41.
Frame number Erame 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 FSé
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FSt
10 FS4 25 FSé
11 FS3 26 FS2
12 FS4 27 FSé
13 FSé6 28 FS4
14 FSé6 29 FS4
15 FS3 30 FS2

Figure 41 — Mapping of frame-sync codes on recording frames
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Before being recorded onto the disk, data bits are converted to modulation bits that, in turn, are
converted to NRZI channel bits according to the following process (see Figure 42).

Data Modulation NRZI converted
bits bits Ex-OR Channel bits
—»| Modulator > NRZ . >/—|3 >
conversion
7/ 1T
T =1 Channel clock period delay
Example of data bit pattern: 0 1 0 1 10 01

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

NRZ converted signal: I_I |

NRZI converted signal:

Figure 42 — Modulation and NRZI conversion

14 Physical data allocating and linking
14.1 General
THe unit of recording is a recording-unit-block (RUB), consisting of a physical cluster prec¢ded by a
dqta run-in and followed by a data rufisout. The run-in and run-out are offering sufficient buffering for
fagilitating fully random write/ovérwrite.
Rgcording-unit blocks can beswritten one by one or in a continuous sequence of several RUBs (write_
stfeaming).
In|the rewritable areas of the disk, a wobble cycle shall correspond to 69 channel bits if the c};‘annel—bit
rate is locked to the\wobble frequency. This means that a modulated recording frame, which is 1 932
chlannel bits (= 1288 data bits), covers exactly 28 wobble cycles. This locked case is considerted as the
ndminal situation:
14.2 Recording-unit block (RUB)
14.271 General

Each RUB consists of a data run-in of 2 760 cbs (nominally 40 wobble periods), a physical cluster of
496 x 1 932 cbs (nominally 496 x 28 wobble periods) and a data run-out of 1 104 cbs (nominally 16
wobble periods) (see Figure 43).

Run-in Physical Cluster Run-out Guard_3

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

Figure 43 — Layout of single written recording-unit block
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Each single written RUB or each continuously written sequence of RUBs shall be terminated by a
Guard_3 field, ensuring that no gaps (unrecorded areas) ever occur between any 2 RUBs shown as

Figure 44.
Such a Guard_3 field shall consist of 540 cbs (nominally = 8 wobble periods).

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

<40 wbs— | <-496x28 wbs— | <16 wbs— | <40 wbs— | «496x28 wbs— | : |<-496x28 wbs— |<-16 wbs—| <8 wbs—

Figure 44 — Layout of continuously written sequence of recording-unit blocks

With the hbove choices, an SPS (see 14.3.2) of about maximum *2 wobbles and a start position accuracy
of about 40,5 wobble, random writing/overwriting leads to an overlap of between 3 and }3'wobbles apd
a minimujm length of non-overlapped data run-in of about 27 wobbles (minimum x1.recording framej.

14.2.2 Data run-in

14.2.2.1 |General

The data fun-in consists of the following parts:

— Guarfl_1: 1 080 channel bits; and

— PrA (jpre-amble): 1 680 channel bits.

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

The Guarfl_1 field is meant to cope with the overlaps‘due to the SPS and inaccuracies in determining the
start locaftion of recording sequences (see Figure'45).

Guard_1 PrA

1 080 cbs 1 680 cbs
optional APC |(Tepeated bit pattern nominal
~ 5 wobbles ~ 11 wobbles ~ 24 wobbles

Figure 45 — Layout of data run-in

14.2.2.2 |Content.of'Guard_1 fields
The Guarfl_1«i€ld has a length of 1 080 channel bits.

A 4 2 2 6 [

h 4 + " 1 h ) B - (o i + lodlodlarodlarallarn)liarnclarnts
The contémtTepresentedimmudulationrbits sT36 times repeated 00101 HO-TH 0=t 1651101

These patterns result in a repeated 5T/5T/3T/3T/7T/7T sequence, which is well-suited to re-settle the
electronic circuits.

14.2.2.3 Automatic power control (APC)

The first 5 wobbles of the Guard_1 field at the start of a recording sequence can be used for performing
an automatic power-control procedure. The modulation-bit pattern to be used for such an APC
procedure can be chosen freely by the recorder manufacturer and is allowed to be different from the
repeated pattern as defined in 14.2.2.2.
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14.2.2.4 Content of PrA fields

Th

e PrA field has a length of 1 680 channel bits.
The content of the PrA field shall be shown as Figure 46.
52 times repeated
01[04]1[0*]1[02]1[04]1[0¢]1[0°] | Sync.1 | 01[0%]1[0*]1[0?]1[0%] | Sync_2 01[0?]1[0%]1
1[0°]1[0°] 1[0*] 1[0?] [0°]1[0°]
<«——1560cbs—— <30 cbs— 40 cbs <30 cbs— | «—20cbs}——

In

T}
T}

14

14
T}

T}

T}
st

Figure 46 — Layout of PrA field

.2.3 Data run-out

.2.3.1 General

e data run-out consists of the following parts as’shown in Figure 47:
PoA (post-amble): 564 channel bits; and
Guard_2: 540 channel bits.

e PoA field is meant as a run-out fof.the signal processing.

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

hrt location of recording se@uences.
PoA Guard_2
564 cbs 540 cbs
nominal nominal
~ 8 wobbles ~ 8 wobbles

Figure 47 — Layout of data run-out

14.2.3.2 Content of PoA fields

The PoA field has a length of 564 channel bits.

The content of the PoA field shall be as shown in Figure 48.

general, Sync_1 shall be FS{mod[(N+4),7]} and Sync_2 shall be FS{mod[(N46),7]}, if the fifrst frame
sylnc after the PrA is FS(N) (N = 0..6, see 13.17.4).

is means that Sync_1 shall be FS4 and Sync_2 shall be FS6 (the firstframe sync after the PyA is FS0).
e first bit of each of Sync_1, Sync_2 and the first frame sync after the PrA is allowed to be uged for dc-
coptrol (# = ZERO or ONE, see Figure 39).

ining the

16 times repeated
Sync_3 01[0%]1[0®]1[0®]1[0%]1[0%]1[07] | 01[0*]1[0*]11[0%]11[0%]1[0¢]1[0°]

<30 cbs —> «————54ccbs < 480 cbs ———

Figure 48 — Layout of PoA field
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In general, Sync_3 shall be chosen such that it corresponds to a frame number n+1, if the user data
before the PoA ends with frame number n (see 13.17.4).

This means that Sync_3 shall be FSO0.
The first bit of the Sync_3 patterns shall be used as defined in 13.17.4.
The 9T/9T/9T/9T/9T/9T pattern after Sync_3 can be used as a “stop of user data” indicator.

14.2.3.3 Content of Guard_2 fields

The Guarfl_2 field has a length of 540 channel bits.

The cont¢nt represented in modulation bits is: 18 times repeated 01[0%]1[04]1[02]1[02] 1[0¢]1[05}.
14.2.4 Quard_3 field

14.2.4.1 |General

Guard_3
540 cbs

repeated bit pattern optional APC
~ 3wobbles ~ 5wobbles

Figure 49 — Layout of Guard_3 field

The Guarf_3 field has a length of 540 channel bits (see Figure 49).
The contgnt represented in modulation bits is: (18 times repeated 01[04]1[04]1[02]1[0%] 1[06]1[0>].

14.2.4.2 |Automatic power control (APC)

The last § wobbles of the Guard_3 field at the end of a recording sequence can be used for performing pn
automati¢ power-control procedire. The modulation-bit pattern to be used for such an APC procedure
can be cHosen freely by the récorder manufacturer and is allowed to be different from the repeated
pattern ap defined in 14.2.4.

14.3 Lo¢ating datarelative to wobble addresses

14.3.1 General

The nom|nal, start positions for recordings (as well single RUBs as continuous sequences of several
RUBs) arethretocationsof themiddie of the-wobble i NWE 25 the referenceuntt betweemrthe Sync_3

unit and the first Data_x unit of the ADIP words with a PAA of which bits AA1,AA0 = 00 (see 15.7).

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

14.3.2 Start-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-position shift (<128 cbs < SPS < +127 cbs) (see Figure 50).
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NWL 25
nominal
start
position
34 ' 434
cbs cbs
accuracy
* 128 cbs rahge +127 cbs ”
t SPS *
-2,35wbs +2,33wbs
- recording start position range >
Run-out Runéin
Example of SPS + inaccuracy~= +58 cbs
overwriting | Run-in L, O

SPS + inaccuracy = -80 cbs

Figure 50 — Nominal start pesition for data recording

written RUB'’s.

At

At

the start of the newly written RUB, the Tun-in of the newly written RUB overwrites a part g
oyt/Guard_3 of the preceding RUB (if'this had been written already before).

the end of the newly written RUB, the run-out/Guard_3 of the newly written RUB overwri

Figure 51, Figure 52 and Figure 53 show examples how newly written RUB’s overlap with p

of|the run-in of the following RUB (if this had been written already before).

In

reviously

f the run-

[tes a part

all cases, sufficient run-in/run-out is left over for recapturing of the detection elecfronics at
rapdom access.

Sync_3 Unit

AN

Reference Unit

15t Data_x Unit

R

2" Data_x Unit
n nl

[1
NWL 9 [INWL37

11 1
LINWL 9 U'NWL 37

=]

===

25,5 wbs;
e

Il
LINWL 25

Cluster k-1
Rec.Frame 496

Run-out

1
Guard_3
1

===

la
9,5 wbs

Run-in

Cluster k
Rec.Frame 1

Cluster k
Rec.Frame 2

Cluster k
Rec.Frame 3

SPS -t

NOTE

=—1287Th

=TI27Ths

nominal start position 4

for writing (+ 34 cbs)

SPS + inaccuracy of previous recording = 0 and SPS + inaccuracy of new recording = 0.

Figure 51 — Example of nominal start position for data recording
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Sync_3 Unit‘ L Reference Unit o 15t Data_x Unit = 2" Data_x Unit .
NWL 25 NWL9 NWL 37 NWL9 NWL 37
I 25,5 wbs I .
! " 9,5 wbs
Cl k-1 -
| RecFrame 496 I Run-opt |Gum:’3
I . I Cluster k l Cluster k Cluster k 1
Run-in Rec.Frame 1 Rec.Frame 2 Rec.Frame 3
nominal start position
for writing
NOTE SPS : ;llﬂ\'\'ul le_y ufyl\.v;uuo 1TCCUTL d;lls 1(11 ﬂlld SPS : ;llﬂ\'\'ul le_y Ufll\'VV I'CCVUI d;lls 162
Figure 52 — Example of data recording with maximum overlap
SyncJ3 Unit " Reference Unit - 1t Data_x Unit . 2" Data_x Unit \
Il [ Il I Il ]
1l Ll 1 1 1 11
Yos5whs = NWL25 H NwL 9 L NwL 37 LInwL o Linw 37
| —~ 9,5 wbs
(éleucslt: ;nk;-e1496 | Run-out |Guarc}_3
. Cl k Cl S
| otk | ez | RSSRs |
nominal start position
for writing t
NOTE SPS + inaccuracy of previous recording = =162 and SPS + inaccuracy of new recording = +161.
Figure 53 — Example of data recording with minimum overlap
15 Tragk format
15.1 Genperal
A track is|formed by a 360° turn of a continuous spiral.
Each recdrding layer shall have the ;same basic tracks at about the same locations (see Figure 54).
15.2 Trqck shape
The zone|between radius r; = 21,0 mm and radius r3 = 22,2 mm is reserved to be used for the B{A
(see Clauge 35). In this zone, there shall be tracks formed by a single spiral groove whose inner edjge
\ 0,0
shall be af the radivs 21,0_y,; mm.

At the transition, the spiral groove shall be uninterrupted.

The tracks in the BCA zone shall be straight groove (without any modulation) between radius r; and
the inner edge of the HFM groove on layer LO or the inner edge of the wobbled groove on other layers
(see Clause 18).
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continuing uninterruptedly from the end of the straight groove in the BCA zone.
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On layer L1, they end at the beginningof the straight-groove area. These groove tracks in the r
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Figure 54 — Connection areas between different'groove types

the embossed HFM area of layer LO (see Clause 17), the tracks are formed by a single spiy

e groove tracks in the embossed HFM areas deviate with a rather high frequency in {
Fection around the nominal centrelines, providinga high bit rate/high capacity data chant
prage of replicated information (HFM grooves).

e shape of each track is determined by thexé¢quirements in Clause 26.

the rewritable areas (see Clause 16), the tracks are formed by a single spiral groove, star
e end of the embossed HFM area on-layer LO or from the end of the straight-groove area on

eas deviate mainly sinusoidally”and monotonically in the radial direction from their
htrelines and are called wobbled grooves. The sinusoidal deviation is modulated by replacin
cycles with different signal patterns at certain locations.

e wobble can be used) for speed control of the disk and synchronization of the write cld
ive and the modulatéd parts represent addressing information called address in pregroov
be 15.7). The shape of each track is determined by the requirements specified in Clause 27.

TE Altheugh the term "pre-groove" is not defined in this document, "ADIP" is widely used as a
'addressdnpre-groove" in optical disk standards. The meaning of " pre-groove" is the same as that ¢
this doeument.

the connection between the embossed HFM area and the recordable area, the spiral groov

al groove

he radial
el for the

ting from
layer L2.
pwritable

nominal
g some of

ck of the
e or ADIP

h acronym
f"groove"

e shall be

ur

T P B = TR +1 LITn g 1.1 111 sl ADNID - b e
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ay form a

groove-only part (without any modulation) of maximum 1 mm length in the tangential direction along
the track.

Groove geometry

On each layer, only “on-groove recording” is allowed.

For “on-groove recording”, a geometry is used where the grooves are nearer to the entrance surface of
the disk than the lands. The outline of the groove geometry is presented in Figure 55.
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at the end of the outer zone n and shall be continuous in the information zone. The tracks on the lay
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embosseq

beam

“On-Groove recording”

Figure 55 — Outline of groove geometry (radial cross-section of disk)

Ick path

with even layer number, the spiral shall run from the inner-side of the disk towards the out
e disk when the disk rotates according to the specification in 9.8.

5) with odd layer number, the spiral shall run from¢he outer side of the disk towards the inn
e disk when the disk rotates according to the spegification in 9.8.

s on layers with even layer number n shall start at the beginning of inner zone n and termine

layer(s) number n shall start at the beginning of the outer zone n and terminate at the end
zone n and be continuous in the infer;mation zone (see Figure 14).

Ick pitch

rack pitch in BCA zoné

pitch (TP) in BCA Zone is the distance between the average centrelines of a groove in adjace
pasured in radialdirection.

pitch shallbée (2,0 £ 0,1) um.

a between r, and r3, the track pitch shall change over from 2,0 pm to match 0,35 pm in t
| HEMatea on layer LO or to 0,32 pm in the wobbled groove area on other layers.

er

er

er
of

nt

15.4.2 T

rack pitch in embossed HFM areas

The track pitch in embossed HFM area is the distance between the average centrelines of an HFM

groove in

adjacent tracks, measured in radial direction.

The 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 in rewritable area is the distance between the average centrelines of a wobbled groove
in adjacent tracks, measured in radial direction.
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The track pitch shall be (0,320 £ 0,010) pm.

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

15.4.4 Track pitch between embossed HFM area and rewritable area

The change in track pitch from 0,35 pm to 0,32 pm (on layer L0) shall be realized within maximally 100
tracks (revolutions), which tracks shall be located completely in protection-zone 2 (see Figure 87).

15.5 Track layout of HFM grooves

13.5.1 General

In|this clause, only the encoding format of the data is described. The locations and their cdntent are
ddfined in Clause 18.

The data in HFM grooves is recorded in 4K partitions, called PIC clusters. Each,such PIC cluster contains
2 fata frames, each with 2 048 bytes of data. The error correction mechaiiisms used to prptect this
ddqta and the procedures used to build up fully formatted partitions arevery similar to those flescribed
in|Clause 13.

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

Far detailed descriptions of the related processing steps and’applied codes, reference is mgde to the
ddscriptions in Clause 13.

Sync
1 byte 10 bytes 1 byte 9 bytes
T Dgs2. Do Bo D1 ... D1g T
D19 ..... ng B1 D29 ............
datasteam | : | ] 216 Data
248 rows > > > > :
ondisk :
__________________________________________ oo
T
32 Parities
\L B24,7 D4.7]_]_

Figure 56 — Schematic representation of 4K PIC cluster on disk

15.5.2 Data format

15.5.2.1 Data frame

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

15.5.2.2 Scrambled data frame

Each data frame with its EDC is scrambled according to the procedure described in 13.4. For the preset
of the scrambler, AUN;; .. AUN; (see 15.5.3.2 and 13.9.2.2) shall be used instead of PS,g .. PSs.
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15.5.2.3 Data block

Each 2 scrambled data frames are mapped into an array of 216 rows x 19 columns as described in 13.5

and indicated in Figure 23 (only columns 0..18).

15.5.2.4 LDC block

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

Only the pecond interleaving step described in 13.8.3 is applied, where each successivéyrow is shift]
one more[byte position to the left [shift = mod(k,19), in which k is the row number, 0 <k £247]. The byt
that shift|out at the left side are re-entered in the array from the right side (see Figure 57).

<« 19 bytes >
<« shift0 €00 €01 €0,18 T
<« shift1 €11 €12 €1,18 €10
<« shift2 €22 €23 €218 €20 €21
<« shift 18 €1818 €180 €1817 248
<« shift0 €190 €191 €1918 rows

< shift mod(k,19)

< shift 18 Poasis | Prasoc o P246,17
<—shift0 P2470 P47/ | - P247,18 s

Figure 57 — Interleaving of PIC LDC block

After thig process, the bytes-are renumbered in the horizontal direction through all the rows resulti
in the numbering D, to D443, as indicated in Figure 56.

15.5.3 Addressing'and control data

15.5.3.1 |General

€S

Unlike th b feyranat i ravwritabhla araac afrha dicly 2 BIC hlnclric cnmanncad of 4 RIC ~nda vanrde and £111]
-+ eWT aFeaS-OtHe-a 5B e6 5 EehPp eSSt a e T ce - WorasSahatHn

d

TTroTe

up with 8 addresses of 9 bytes each in 18 rows and 2 user-control data units of 24 bytes each in 12 rows

(see Figure 58).
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< 4 columns >
0 1 2 3
T 0 AFyp AFq3 AF,2 AFqy T
1 AFoa AFo7 AFog AFo5
2 AF11 AFip AFi13 AFi1
3 AFy;5 AF14 AFy7 AF16
4 AF2,2 AF2,1 AFz,o AFz,g
5 AF2,6 AF2,5 AF2,4 AF2,7
6 AF3,3 AF3,2 AF3,1 AF3,0
7 AF3,7 AF3,6 AF3,5 AF3,4
8 AF4,0 AF4,1 18 rows
9 AF44 : : Addresses
10 AFs, AFsp
11 AF5,5 : .
1BIS 12 AFe2 AFes1 AFep
code-word 13 AFeg : : :
=62 bytes 14 AF7,3 AF7,1 AF7,0
15 AF7,7 . .
16 AFs,o : . AF8,1
17 AFsy AFs7 AFgg AFgs d
18 UCoo UCi20 UCox UCi21 T
19 UC1,0 UC13,0 UC1,1 UC13,1 12 rows
: : : : : User-Contrpl
28 UCi0p UCz20 UCi1041 UCa221 Data
29 UC11,0 UCz3p UCi111 UCz3a J
30 pbsoo pbsoa pbsoz pbsos T
31 pb31,o pb31,1 pb31,2 pb31,3 32 rows
: : \ : : Parities
J 61 pbe1o pbe11 pbe12 pbe13 J
Code word *|~-Codeword | Codeword | Codeword
0 1 2 3
Figure 58 — PIC BIS block
13.5.3.2 Address fields
Cdmparable to therewritable areas of the disk, where each 1/16 of a 64K cluster (=4K bytes) is jdentified
by one address/uhit number (see 13.9.2), each 4K PIC cluster shall be identified by one address-unit
nymber. Thesé¢ address-unit numbers shall increase by 2 for each successive 4K PIC cluster.
Edch PIEBIS block contains 8 repetitions (S = 0 .. 7) of the same address, where the flag bitq are used
to|idéntify the repetition number: The address fields are derived through the primary address fields
(s po 13 Q) as follows:

AF, 5= PAF, ¢ (all the same for §=0..7);

AF, = PAF ¢ (all the same for §=0..7);

AF, ¢ = all bits inversion in PAF, ¢ (all the same for $=0..7);

AF; ¢ = all bits inversion in PAF; ¢ (all the same for $=0..7);

AF, 5=PAF, g;

flag bits:

Bits b, to b; shall be reserved;
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Bits b, to b, shall be set to the binary value of S.

AF; ¢ = all bits inversion in PAF; g;

AF¢ ¢ = all bits inversion in PAF g;

PAFs ¢ .. PAFg ¢ = parity bytes for forming an (9,5,5) RS code over the address field.

The parity bytes of PAF; .. PAFg ¢ in the primary address fields shall be calculated accordingte.y

desciiptions given in 13.9.2.
The 8 addresses are mapped into the PIC BIS block in a special pre-interleaved way.
The byte$ of addresses 0 to 3 are placed in a diagonal direction in the even numbered-rows, starti
with bytd 0 of address 0 in row 0, column 0 and each successive address being shiftéd cyclically 1 mg
position fo the left (see Figure 58).
The byte$ of addresses 4 to 7 are placed in a diagonal direction in the odd-numbered rows, starti
with byt¢ O of address 4 in row 1, column 0 and each successive addresS shifted cyclically 1mg
position tfo the left.
Mathematically, this mapping of the address bytes into the PIGyBIS cluster can be represented
Formula (43):

byte

row 1f = 2 x x + div(y,4); and

column ¢ = mod|[(x + 8-y),4] (4

15.5.3.3

There arq 2 units of user-control data,ieach consisting of 24 bytes. Bytes 0 to 11 of the first unit shall

placed in
the same

3 (see Figure 58). All bytes of both user-control data units shall be reserved.

15.5.3.4

The PIC BIS block isteompleted by adding 32 rows with parity bytes (see Figure 58) according to t

procedur

result is now azmatrix of 62 rows x 4 columns.

15.5.3.5

AF, , shall be allocated in:

User-control data

column 0, rows 18 to 29 of+thie PIC BIS block and bytes 12 to 23 in column 1, rows 18 to 29.
way, bytes 0 to 11 of thé second unit shall be placed in column 2 and bytes 12 to 23 in colur

BIS code-words

e describedin 13.11 and 13.12, with the difference that there are only 4 columns (¢ = 0..3). T

ng
re

ng

re

3)

be
In

he
he

BIS cluster

Finally, the matrix of BIS code-words is reconstructed into one-column of 248 bytes that can be inserted
in the PIC cluster as indicated in Figure 56.

Bytes B, to B;,3 are filled by successively copying bytes from the even rows by going through the BIS
block cyclically in a diagonal direction starting from row 0, column 0 (see Figure 59).

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

Mathematically, the mapping of the bytes from the PIC BIS block into the PIC BIS cluster can be
represented by Formulae (44) to (46):
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Let byte b, . be the byte in row r and column c of the BIS block,
and byte B; is the ith byte in the column of the BIS cluster,

then r=mod(2 x ,62) + div(i,124); (44)
¢ =mod(i,4); (45)
and vice versa i =124 x mod(r;2) + div(r,2) + 31 x mod{[4—c + div(r;2)],4}. (46)

As aresult of this interleaving, the one-column 248-byte BIS cluster is divided into 8 groups of 31 bytes,

wlereeach 3 Tbyte group s tomposed of 9address bytes, 6 € data by tes,amd—t6parity bytes in
succession. The address bytes, due to the pre-interleaving, appear in the correct order fordirgct access.
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 = Bi

6 34 3 :

7 158 127

8 4 35

9 128 159

10 5 :

11 129 Bi23 248

12 6 . B124 rows

13 130 :

53 243

54 120 27

55 244

56 28 121 =

57 152 245

58 60 29 122

59 184 153 246

60 92 61 30 123 :

61 216 185 154 247 B247 y

Figure 59 — Reading order for constructing PIC BIS cluster

13.5:4 Recording frames

15.5.4.1 General

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

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

15.5.4.2 Modulation

The 168 bits of each PIC recording frame, except some of the bits of the synchronization pattern, are
converted into modulation bits by applying a biphase modulation method. In this modulation method,
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a bit with value ZERO is represented by transitions 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 60).
The modulated bits are recorded on the disk by a deviation of the groove from its average centrelines
as indicated in Figure 60. The length of each bit cell shall be 36T, where T corresponds to the length of a
channel bit in the rewritable areas.

Example of data bit stream

0 1 0 1 1 0
Average \ J J
Qroove = | = micim i b oo o oo N ! E - ..
dentre _—
\ - S
<“————r | <——>
36 T 36 T

Figure 60 — Biphase modulated HFM groove

15.5.4.3 |Frame sync

Each recgrding frame starts with a synchronization pattern equivalent to 8 data bits. The first 4 bjts
are replaced by 4-bit cells with a special pattern that violates/the normal biphase encoding rules
(see Figure 61: two possible patterns depending on the initial phase).

Sync pattern

v

Data Sync body Sync identification Data
—> > |-

- - - - IDg ID4q D, Parity

%

Figure 61 — Biphase synchronization pattern

Seven different sync patterns are identified by the last 4 bits: ID, .. ID, and a parity bit (see Figure 62).
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Sync number

IDo

ID1 ID2

Parity

FSO

FS1

FS2

FS3

FS4

FS5

FS6

ol Ll Ll (=l [ =] =] [en}

Il =l el i N e {a)
OIR|IO|IFRIOIrRIO

OO Ok |R|IO

By
31
(s¢

T}

Sy
TH

Figure 62 — Sync identification

means of the PIC BIS column, the 248 rows of a PIC cluster can be divided inte eight
recording frames, where each group of recording frames carries an address)ir’ its fir
pe 15.5.3.5).
e 31 successive recording frames of each such group are identified by a special sequence of
nc patterns (see also 13.17.4). The first recording frame of each grouphas the unique sync pa
e other sync patterns are mapped as specified in Figure 63.
Frame number | Syncnumber | Frame ndmber | Syncnumber

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 63 — Mapping of sync patterns on PIC recording frames

broups of
t 9 rows

the

ttern FSO.

15.6 Track layout of wobbled grooves

15.6.1 General

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

The nominal wobble length (NWL) (equivalent to 69 channel bits) shall be 3,855 3 pm * 0,005 pm for a

disk with a user data capacity of 33,4 GB per layer, averaged over the rewritable areas.

This corresponds to a fundamental frequency f,,,, = 1 913,043 kHz at the 2 times reference velocity.

© ISO/IEC 2020 - All rights reserved

79


https://standardsiso.com/api/?name=c9c3551736c247ae3515d278dcfab12a

ISO/IEC 30193:2020(E)

15.6.2 Modulation of wobbles

15.6.2.1 General

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

Some wobbles are modulated, and 2 modulation methods shall be used simultaneously as follows:

— the first modulation method is called “MSK-cos” (minimum-shift keying — cosine variant); and

— the s¢cond modulation method is called “HMW” (harmonic-modulated wave).

In the pifotection-zone 3 area in the outer zone(s) (see Clause 17 and 20.10), the groové shall pe
modulated by MSK-cos only and not by HMW. Both modulation methods shall represent ADIP
information as defined in 15.7.

15.6.2.2 |MSK-cos modulation

MSK-cos modulation is applied by replacing three consecutive monotone wobbles by one MSK madrk
(MM). An MSK mark consists of three nominal wobble lengths (NWL).with the following woblle
patterns fs indicated in Figure 64:

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

— the third NWL terminates the MSK mark with a cosine wobble with a frequency = 1,5 x f, .,

wobble:
-cos(27ex f . xt)
\S/\tili)tb?is wobble: ’ wobble:
+cos(2m x (1,5 x f, 4 Jx 1) -cos(2m x (1,5 x f,,) x £)
inner gide ¢
Of dlSl:l —— > — | —>

A \ AN
| VU

outer dide |-———=>|<«——> > | > | ——>

of disk '\‘\ MSK Mark (MM) /'/'

Monotone wobbles (MW): +cos(2m x f . x t)

Figure 64 — Definition of MSK mark (on groove)

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 the doubled frequency as per Formula (47):

cos(2m x f, o, x t) £a x sin[21 x (2 x f, ) x t] (47)
where a = 0,25.
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Such a combination of a cosine with the fundamental frequency and a certain amount of second

ha

“w,n « n

rmonic represents a first-order approximation of a saw-tooth wave. The “+” or

“«,n «w n

sign creates a left

or right inclination, where the “+” sign is used to represent a bit value ONE and the “-” sign is used to
represent a bit value ZERO (see Figure 65).

+cos(Zmx f,  xt)+axsin[2mwx (2 x f, ) x t] +cos(2mx f, ,xt)-axsin[2nx (2 xf, )
inner side <LE¢> <¢ ONE <« ZERO ¢, ‘¢ ZERO ,
of disk

A /‘\

/ A N A A N
7 \ \f

X t]

o O

1]

W
de

W]
de

1]

1]

Th
is

correspond to 2\recording frames (see 13.15). Each group of such 56 NWLs is called an /

(s

\4

\

hen push-pull polarity (see 26.1) is negative)then the wobble groove shall start its fir
viation towards the outer side of the disk.

hen push-pull polarity (see 26.1) is positive, then the wobble groove shall start its firs
viation towards inner side of the digk:

5.7 ADIP information

.7.1 General

e data to be recorded onto the disk shall be aligned with the ADIP addresses. The ADI
derived from ADIP symbols modulated in the wobble (see Figure 70). Therefore, 56 N

e Figure 66)¢

iter side
F disk — ! t e $ 0 < >
Wh Wobbles T Saw Tooth-Wobbles
Monotone wobbles (MW): +cos(2mx f, ., x t)
Figure 65 — Definition of saw-toothywobbles (on groove)
.6.3 Wobble polarity

t wobble

t wobble

P address
VLs shall
ADIP unit
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2 Recording Frames

< 1 932 Channel bits > € 1 932 Channel bits —™>

Sync Data Sync Data
«—=x95 > <«—xX95 >

wobples wobbles
one ADIP Unit q
< 56 NWL’s e
Z,

Figure 66 — General ADIP structure

15.7.2 ADIP-unit types

By inserting MMs into the 56 NWLs of an ADIP unit with unique distances between adjacent MNMs,
different fypes of ADIP units can be created.

The ADIP|units representing a data bit are additionally modulated with STWs.

Furthernjore, a reference STW unit is defined. Each type of ADIP unit starts with an MM.

The folloying types of ADIP units are defined (see¥igure 67):

— Mondtone unit: consisting of one MM fellewed by 53 MWs;

— Referjence 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 oflone MM followed by 15 MWs, one MM, 7 MWs, one MM and 25 MWs;
— Sync]|2 unit: consistingof one MM followed by 17 MWs, one MM, 7 MWs, one MM and 23 MWs;
— Sync|3 unit: consisting of one MM followed by 19 MWs, one MM, 7 MWs, one MM and 21 MWs;
— Datax unittwith x representing 1 or 0:

— Data 1 unit: consisting of one MM followed by 9 MWs, one MM, 3 MWs, 37 STWs and one MW;

— Data_0 unit: consisting of one MM followed by 11 MWs, one MM, one MW, 37 STWs and one MW.

The 4 Sync units are used for synchronization purposes, the Data_1 unit is used to represent a bit value
ONE and the Data_0 unit is used to represent a bit value ZERO.
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NWL number 0.... 3.. 18 1)
Monotone Unit I T T T T T T T T T TTTT T T I I ITTTTTITTTTTIT]]
Reference Unit I TTTTTTTTTTTTTT RNRNRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRN]]
Sync 0Unit M TTTTITTTTTTTI EEEEEE HSEEEEEEEEEEEEEEEEEEEEEEEEEE
Sync_1 Unit -HHHHlHlmlllIH-IHHHHHHHHHHHl
NivAliiaa  HEEEEEEEEEEEEEEEE OSEEEEEE BEREEEEEEEEEEEEEEEEEEENE
Sync3Unit W TTTTTTTTTIITITI{TT T MW TTITTITTTITITIITITIT]]
Data O Unit I TTTTTTTTT [ NRRRRRRRRRRRNRRRRRRRRNRRNRRARRRRRRRRN]
BEPEICEE) ) G S EVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAvAvAvAvavavavavavavavavav, VA

B MSK Mark
[J Monotone Wobble
N Saw Tooth Wobble representing ZERO 2] Saw Tooth Wobblerepresenting ONE

Figure 67 — ADIP-unit types

13.7.3 ADIP word structure

83 ADIP units are grouped into one ADIP word each. This mean's that 3 ADIP words corr¢spond to
3 x 83 x 2 =498 recording frames, which is equivalent to oneTrecording-unit block (RUB) (see[14.2).

Edch ADIP word shall be constructed as indicated in Figure 68.
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ADIP Unit ADIP-Unit Type ADIP nibble ADIP code-word
number bit number nibble number
0 Monotone ---
1 Sync_0 -
2 Monotone ---
3 Sync_1 -
4 Monotone
5 Sync_2 ---
7 Sync_3 -
8 Reference ---
9 Data_x bs
10 Data_x b2 Co
11 Data_x b1
12 Data_x bo
13 Reference --- -
14 Data_x bs
15 Data_x b2 C1
16 Data_x b1
17 Data_x bo
18 Reference
8+ix5 Reference -L- ---
9+ix5 Data_x bs
10+ix5 Data_x bz Ci
11+ix5 Data_x b1
12+ix5 Data_x bo
78 Reféerence --- ---
79 Datax b3
80 Data_x bz C14
81 Data_x b1
82 Data_x bo
Figure 68 — ADIP word structure
15.7.4 ADIP data structure

15.7.4.1 General

Each ADIP word contains in a total of 60 bits, which forms a code word, according to a non-systematic
Reed-Solomon error-correction code. This code word is constructed from 36 information bits. Before
encoding the information, the 36 information bits are ordered into 9 4-bit nibbles n,, to ng as defined in
the array of Figure 69.
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Th
Be
th

1]
T}

R

]

Nibble b3 bz bs bo
no AS23 AS22 AS21 AS20 |7
n AS19 AS18 6 nibbles ADIP
: symbol
ns AS3 ASO J
Ne AX11 )
: 3 nibbles AUX data
ng AX3 AX0 |4

Figure 69 — ADIP-information structure

.7.4.2 ADIP information bit assignments

e information contained in the ADIP data bits shall be as follows:

e nibbles n, to ng are transcoded to nibbles c; to ¢y, by the error correctign system (sqe 15.7.5).
cause the error correction system is non-systematic, there is no simple,dinect relationshig between
E bits in the information array and the coded bits in the ADIP unit.

AS23..AS0: These 24 bits shall contain the physical ADIP symbol (PAS). AS23 shall be th¢ msb and
ASO shall be the Isb. These symbols are converted from the physical ADIP address (PAA) as follows

(see Figure 70 and Figure 71).

setto
Layer number

sequential number
N

setto
00,01, 10
consecufively

Ny

et
LSB ll
AlAlA

A ATATATA A A
hysical ADIP address A Al-AJA]A A A AlAlA
2 2121212 1 8 2|10
312{110 5
[| L] L)
hysical ADIP Symbol L A J _\\
AlAlA]A A A AJAlA
B S|S|S|S S S S{S|s
If AA22 is equal to AA21D, then S HHE 1 1 HE
3l2l110 6 5
LU famert Lt . et
L EEREREERE P asetto]l
Y¥¥ vy YYYYYYYY YYY¥Y¥
ATAJATA A A AlAJA
If AA22 {Smot equal to AA21, then |S|s|S|S S S sis|s
1\__ 212(212 é 8 21110
3121110 _,)

Figure 70 — Relation between PAA and PAS
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Layer structure L0 L1 L2
Inner Outer § Outer Inner § Inner Outer
PAA=0200000h PAA=0A00000h
[0,0] PAA = 0 5FFF FEh [0,0]
[AA22, AA21] in
Physical [0,1] [1,1] [0,1]
ADIPAddress (PAA) [1,0]

Figure 71 — Combination of AA22 and AA21
— AA24.AAO0: These 25 bits shall contain the physical ADIP address (PAA). AA24 shall be-tlre'msb ahd
AAO shall be the Isb. This address shall consist of three parts:

— AA24.AA22: These 3 bits shall indicate the layer number and shall be set to; 600, 001 and 0fL0
n layer L0, layer L1 and layer L2, respectively. All other settings shall be/reserved;

(@)

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

— AA1,AAO0: These 2 bits shall be set to 00, 01 and 10 consecutively in each 3 successive AQIP
words corresponding to one RUB. The setting 11 shall notbe used.

The first[address in the information zone on layer LO shall bessuch that the first address in the ddta
zone, which is PAA 0 02 00 00h, is located at radius 24,0_%’(; mm . The last address of the data zone pn
layer LO ([LAA) shall be located at a radius <58,1 mm.

The first pddress of the data zone on layer L1 (FAA) shall be located at a radius <58,1 mm.
The last dddress of the data zone on layer L1 (Q.7D FF FEh) shall be located at a radius 24,0_%’2 mm .

The first pddress of the data zone on layerli2 (0 82 00 00h) shall be located at a radius 24,0_%’2 mm.

The last dddress of the data zone on-layer L2 (LAA + 0 80 00 00h) shall be located at a radius <58,1 mjm.

— AX11..AX0: These 12 bits-contain auxiliary information about the disk;
— | In the data zonéfs) and outer zone(s) of the disk, the auxiliary bits shall be set to ZERO;
— | In the inner<one(s) of the disk, the auxiliary bits shall be used as follows:

— AXI1M..AXO0 from 96 consecutive ADIP words (equivalent to 32 RUB’s) shall form one
ADIP aux frame with 144 bytes;

Thaefirct hitc of aach ANID Ay Lo chall o locatad 10 a0 ANID o daith
e St ot O et Ao r—ath i e-Shchr o e1ota e aHHa o r—wWora—vwit

is a multiple of 128 (PAA = x xxxx XxxXX XxxX xxxx X000 0000);

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

15.7.4.3 Relation between physical ADIP addresses on layers from layer L0 to layer L2

There shall be a fixed relation between the PAAs on layers from layer LO to layer L2. The PAAs on layer
LO (or layer L2) and layer L1 that are located at the same radius (having the same distance in number of
ADIP words from their respective inner zone) shall have inverted bits AA21 to AA2. The PAAs on layer
L0 and layer L2 that are located at the same radius shall have the same bits AA21 to AA2 (see Figure 72).
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In this way, the PAAs on layer L1 increase from the outside towards the inside of the disk, which is
in the tracking direction. Simultaneously, the inverted address bits AA21.AA2 of PAA; have the same
relation with the radius as the equivalent non-inverted bits on layer L0 (or layer L2).

M

Aftter adding 1 80 00 01h to PAA,, all 25,bits are inverted, resulting directly in the full corre

ad

(T
ta

I

=

an

dress PAA; on layer L1

[see Formula.(48]].

PAA, =PAA,+1800001h

07DFFFER=0020000h+1800001h

FAA=LAA+1800001h

Figure 72 — Illustration of PAA relationjamong layer L0, layer L1 and layer L2

hithematically, this can be expressed in the fellowing way.

he addition of 1 corrects'for the order of the intra-RUB numbers, while the addition of 1 §
kes care of the correct layer number.)

this way, the last address of data zone 1 can be derived as Formula (49):

d the first address of data zone 1 is as per Formula (50):

Layer number Sequence number Intra-RUB number
PAA, on Layer LO AA24 ..AA22 =000 AA21.AA2 '?rAl’AA 0=00,01,10
om inner to outer
PAA, on Layer L1 AA24 .AA22 =001 AA21 ...AA2 ‘?rAl’AAO N 00’.01’10
om outer to inner
PAA, on Layer L2 AA24 .AA22=010 AA21.AA2 '?rAl'AA 0=00,01.10
om inner to outer
Layer LO First address Lastaddress
0020000h ... PAA | LAA
Inner Zone I I I I Outer Zone
Layer L1 Last address Firstaddress
07DFFFEh .. PAA, | AL FAA
Inner Zone ) T T | Outer Zone
J J J
Layer L2 First address Last address
0820000h ... PAA; | . “4. LAA + 08000 00h

The corresponding address PAA, are obtained by adding 0 80 00 00h to PAA,

15.7.5 ADIP error correction

sponding

(48)

0 00 00h

(49)

(50)

The error correction system is a nibble-based (15,9,7) non-systematic Reed-Solomon (RS) code defined
over the finite field GF(24). The total number of nibbles in a code word is 15, the code words are
calculated from 9 information nibbles and the minimum distance of this code is 7.
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The non-zero elements of the finite field GF(24) are generated by a primitive element @, where a is a root
of the primitive polynomial p(x) as per Formula (51):

p(x)=x*+x+1 (51)
The symbols of GF(2%) are represented by nibbles (groups of 4 bits), using the polynomial-base
representation, with (a3, a2, a, 1) as a basis. The root « is thus represented as a = 0010.

The code word, represented by the vector (cy ¢; .. ¢i3 ¢14), can be calculated from the information
symbols ngto ng with Formula (52):

14
C(x)F Y e xxtdi = Zn xg!) (x)+ngxg, (x) (92)
i=0 i=0

where

gp(X)| is the parent generator polynomial:

13

9p (x):H(x—ai); and
i=0
g®(x) is a specific generator polynomial for each symbol n; (i =0.%7).

gW(x) is dlerived from the parent generator polynomial 9p(x) by:removing one of the zeroes z; of g,[x)
and normalizing the result such that g@(z,) = 1. The zero Z to‘berremoved is given by Formula | 53):

= qlft6 (33)

The genefator polynomials are then calculated as perFormula (54):

40
(i) (})=9— )
g7 (%) B

50 ()= % (%)

X_Zi
Bi=4"[z].

Before refording them on the disk, all bits of the nibbles c, c;, ¢, c3, c; and c;, shall be inverted.

; and

Remark 1

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

The information symbols n, to n; can be obtained by evaluating the corrected code word C(x) in the
zero corresponding to the information symbol, i.e. by calculating a syndrome as per Formula (55):

n, =S, =C(a*°) Zc <o) (55)

Here, 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 g, (x). Figure 73
gives the corresponding zero factor for each information symbol (note that ng does not have a

co

If
He

In
co

T}

1]

TH
fr
Fi
bl

rresponding zero).
Symbol Corresponding
zero factor
(x-a%)
(x-a')
(x-a%)
—
(x-a)
(x - a)
No (x- a9
ni (X - a’)
N2 (X - a*’)
n3 (x-a%)
N4 (x-a'9)
ns (x-a'h)
Ne (X - alz)
ny (X - a13)

.8.1 General

pulc /1

bcks shallhave the same content.

.8 Disk information in ADIP aux frame

Figure 73 — Corresponding zero factorfor each information symbol

is phenomenon can be used for additional checking of the reliability of the decoding result.

an information symbol is known and its corresponding zero extends the existing series |of zeroes
corresponding to (x - a%) .. (x - @®) .., the Hamming distance increases. For instance, if n, is khown, the
mming distance becomes d = 8. If both ny and;n; are known, the Hamming distance becomedd = 9, etc.

other words, prior knowledge of infermation symbols can increase the Hamming distance of the
de. Because the addresses in the ADIR-increase linearly, such prior knowledge is present.

e informationnibbles from the auxiliary fields of 96 consecutive ADIP words are groyiped into
hmes of byte§’and carry several disk parameters. The nibbles are re-ordered into bytes acdording to
bure 74. Sevéral disk information (DI) aux frames can be grouped into a DI block. All disk-information
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B
e be bs be | bs bz by bo

AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4

0 word1l | word1l | word1 | word1l | word1l | word1 | word1 | word 1
AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8

1 word1l | word1l | word1 | word1 | word?2 | word2 | word 2 | word 2
AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0

2 word2 | word2 | word2 | word2 | word2 | word2 | word 2 | word 2
AX11 AX10 AXQ AXS AX7 AYE AXYE AX 4

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

41 word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | werd 95 | word 95
AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8

42 word 95 | word 95 | word 95 | word 95 | word 96 | word.96.'word 96 | word 96
AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0

43 word 96 | word 96 | word 96 | word 96 | word 96 |avord 96 | word 96 | word 96

Figure 74 — ADIP aux frame byte ordering

15.8.2 Error protection for disk information aux frames

The DI aulx frames are protected by a long-distange RS error-correction code according to 13.7. Because
such a lomg-distance code is built up from 248, bytes, 104 dummy bytes (not recorded on the disk) qre
added to pomplete the long-distance DI aux ffame code-words (see Figure 75). Bytes e | .. €193 ; in 13.7
represent the dummy bytes (all set to FEh), bytes ey, | ..€,15 , represent the disk-information bytes,
and byteg p,y¢ 1, - D247, T€present the parity bytes.

DI Block
DI Ayx Frame | DI Aux Frame | DI Aux Frame

A

> 1 DI Aux Frame from disk——
96 ADIP words x 12 bits = 144 bytes

DI Aux Frame DI Aux Frame

Dummy bytes:

104 bvtes added to each DI Aux Frame

FFh Disk Information Unit (112 bytes) Parity

216 <— 32—

Long-Distance Error-Correction code word

Figure 75 — Disk information structure and error correction format
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15.8.3 Disk-Information data structure

15.8.3.1 General

2020(E)

A DI block can consist of multiple 144-byte aux DI frames (see Figure 75). If needed, additional DI aux
frames, up to a maximum total of 31 can be used. Each recording layer shall carry the same DI blocks
with the same DI aux frames.

The sequence of DI aux frames shall be repeated throughout the inner zones, starting with DI aux frame 0
from PAA 01 B8 00h on layer LO, from PAA 0 7E 00 00h on layer L1, and from PAA 0 81 B8 00h on layer L2.

F
7

p
C

SP

TH
ur]

DI
u

—

By
ty

If
Co

A

m the starting PAA of protection-zone 2 to PAA 0 01 B7 FEh of layer LO (see Figure 87, \fr
48 00h to the last PAA of protection-zone 1 of layer L1 (see Figure 88), and from the.statti
tection-zone 1 to PAA 0 81 B7 FEh of layer L2 (see Figure 89), the auxiliary bits can’he’set t
contain DI aux frames (such that the sequence is contiguous with a DI aux framé)0 at the
ecified above).

e 112 disk-Information bytes in each DI aux frame are called a disk infarmation (DI) uni
it shall start with 8 bytes, forming the unit header (see 15.8.3.2).

units can contain different sets of parameters, such as different write strategies. To disti
its that have different definitions for their content, a unique ideftification of such DI units i

te 2 in the DI-unit header, the DI-format number, shall be.used for this purpose. With this
pes of DI units with different content can be distinguishéd.

bm PAA 0
hg PAA of
b ZERO or
ddresses

.. Each DI
hguish DI

5 needed.

byte, 256

the number of parameters of a single set do not fit in‘one DI unit, such a set shall be stored i multiple

nsecutive DI units, in which case bit b, of byte 6 ifidicates that the next DI unit in the seq

cTtinuation of the actual one.

example usage of DI units for write a strategy is given in 15.8.3.8. Whenever new DI aux f1

lence is a

ames are

added, the existing ones can still be used-if appropriate and, this way, backwards compatibjility with
exlisting drives can be facilitated. Each, drive should check all DI aux frames present on the|disk and,
bdsed on the DI-format number (byte 2) and the indicated recording velocity (bytes 28 and| 29), only
use the ones that it is supporting (§ee'also 15.8.3).
13.8.3.2 General definitions-for DI units
E4ch DI unit shall consist of a header, a body and a footer as depicted in Figure 76.
Bytesnumber Content Numbé¢r
of bytés
Oto1l Disk-Information identifier 2
2 DI-Format Number 1
3 Number of DI Aux Frames in each DI Block (5 bits) 1
Number of the layer to which this DI Unit applies (3 bits)
Header 4 Reserved 1
5 DI-Unit sequence number in DI Block 1
6 Continuation flag (1 bit) 1
Number of DI bytes in use in this DI Unit (7 bits)
Reserved 1
Body 8 to 99 DI-Unit content 92
100 to 105 | Disk-Manufacturer ID 6
Footer 106 to 108 |Media-Type ID 3
109to 110 |Time stamp 2
111 Product Revision number 1
Figure 76 — General DI-unit format
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Bytes0to 1: Disk-information identifier
These two bytes shall be set to 44 49h, representing the characters “DI”.

Byte 2: DI-format number
This byte shall identify the content of the DI unit or DI unit set (see description of byte
6).
For disks with BCA code the msb of this byte shall be set to ZERO.
For disks without BCA code the msb of this byte shall be set to ONE.

NOTE The DI-format number only defines the content of the DI unit and has no relation with the class
number 31d the version number as defined in byte 11.

To prevent backwards compatibility problems of newer disks with older drives as much as possibleg, a
class nunjber and a version number have been introduced.

The classjnumber is incremented if a BD layer according to the new specifications shouldnotbe accessed
by legacy|drives at all, neither for reading nor for writing (e.g. to prevent possible damage to the disk|or
to the driye).

If the readl compatibility can be kept by conforming to an existing class, no new¢lass number is need¢d.

The version number is incremented if the new specifications imply an extension/change for which po
class number update is needed (read compatibility is kept), but which(new specifications result ir a
write-corppatibility break. Although such a BD layer carries a highepversion number, it can still contdin
a DI unit gccording to a previously defined DI format if this layer can be recorded according to the wrjte
strategy &s defined in such DI unit.

Consequgntly, drives should always check for the presence @f;a DI unit with a DI-format number knoyn
to the drjve. In such cases, the recording parameters (é:g. recording speed, recording power, timipng
requiremients) needed to set the related write strategy can be checked and if these are within the
capabilities of the drive, the drive should accept the disk for recording.

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

Each layef type (defined by bytes 8 to 10) has its own independent DI-format numbering. The DI-fornjat
number i$ also an indication of the wicite strategy type, which is specified in the DI unit.

Byte 3: Number of DLaux frames in each DI block/Number of the layer to which this D[
unit applies

Bits b,|to b;:  These5bits specify the number of DI aux frames N in each DI block (1 < N < 31).

Bits b,|to b,:  These 3 bits specify the number of the recording layer to which the specifications ir
this DI unit apply.

Byte 4: Reserved
This byte shall be set to 00h.

Byte 5: DI-unit sequence number in DI block
This byte specifies the sequential DI unit number within the DI block.
It shall be set to a number n, where n indicates the actual number of the DI unit within
the actual DI block (0 < n < N-1).

The sequence of DI units shall be ordered (see Figure 77) first according to increasing
nominal recording velocity (byte 28 and 29), then, within each sequence of DI units
with the same nominal recording velocity, according to increasing reading velocity,
according to ascending layer number (byte 3) and last according to the preference of
the write strategy (identified by the DI-format number, but need not to be in sequence
of DI-format numbers).
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Sequence number Recording Velocity| Reading Velocity | Layer number Write strategy
0 v,(=v1) 0 preferred WS
1 alternative WS
: 1 preferred WS
k-1 alternative WS
k preferred WS
alternative|Ws
: 1 preferred WS
2k-1 alternative|WS
2k & Viz > Vi1 0 preferred WS
alternative|WS
4 preferred WS
alternative|WS
preferred WS
alternative|WS
1 preferred WS
4k-1 alternative|WS
4k Vr3(=V3) 0 most preferr¢ed WS
k-1 least preferr¢gd WS
V2>V
Vi4 > Vi3 0 most preferr¢d WS
8k-1 k-1 least preferr¢d WS
V3> V2 0
N-1 etc. etc.
Figure 77 — Example of DI-block sequence
Byte 6: Continuation flag/Number of DI bytes in use in this DI unit
Bit)b: This bit specifies if the parameter set in this DI unit is continued in the next DI unit or
e next vr unit Is tne start 01 a New 5et O pardIneters.
It shall be set to as follows:
ZERO if the next DI unit is the start of a new set of parameters; and
ONE if the parameter set in this DI unit is continued in the next DI unit (see Fig-
ure 78).
Bits bg to by:  These 7 bits indicate the number of bytes in use in the actual DI unit up to the last

unused (Reserved) bytes immediately preceding the footer (see e.g. Figure 79).
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Byte 2 =..

Parameter set | Bvte 2 =%

Byte 3 =N/LO

Byte 5 =n-1

Byte 6, bitb7 =0 end of preceding parameter set
Byte 2 =x start of actual parameter set
Byte 3 =N/L1 :

Byte5=n

Byte 6, bitb; =1

Byte 7:

Bytes 8 t

Bytes 10

Bytes 10

D to 105:

b to 108:

for Layer L1 | Byte3=N/L1 continuation of actual parameter
spans 3 DI Byte 5 = n+1 set

Units Byte 6, bitb; =1 :
Byte 2 =x
Byte 3 =N/L1
Byte 5 = n+2 :
Byte 6, bitb; =0 end of actual parameter set;
Byte2 =.. start of next parameter sét
Byte 3 =N/L2
Byte 5 =n+3

Byte 6, bit by=..

Figure 78 — Example of DI-unit extension

Reserved
This byte shall be set to 00h.

DI-unit content
These 92 bytes shall storethe specific content of the DI unit, for example, genf
eral disk parameters,read/write powers and write strategy parameters.

Disk-manufacturer ID
The format and'the content of these 6 bytes require agreement between the
interchangé parties, else these bytes shall be set to all 00h.

Mediattype ID
Thefarmat and the content of these 3 bytes require agreement between the
intérchange parties, else these bytes shall be set to all 00h.

94
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Bytes 109 to 110: Time stamp
These 2 bytes provide information about the production date of the mas-
ter 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 b, to b, of byte 109 plus bits b, to b, of byte 110 shall form one 12-bit binary number repre-
senting the year of production.

—Bits b3 1o by of byte t10stratHformrone 4=bitbimary momber Tepresemnting the momntirof prpduction.
If the time stamp is not used, both bytes shall be set 00h.

Byte 111: Product revision number

This byte shall identify the product revision number in binary notatioh. All
disks with the same disk-manufacturer ID and the same‘media-type II), regard-
less of the product revision numbers, shall have the Same recording prjoperties
(only minor differences are allowed: product revisieni numbers shall b irrele-
vant for recorders).

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

13.8.3.3 Definitions for DI format 4 (Extended N-1 wtite strategy)

The content of the body of DI units according to format 4 shall be as depicted in Figure 79.
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Byte number Content Number of bytes
0to7 DI-Unit header 8
8to 10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded Mark polarity flag bits 1
16 BCA descriptor 1
17to 18 Reserved 2
19 to 26 Data-Zone allocation 8
27 Reserved 1
28 to 29 Recording Velocities 2
30 Maximum dc read power 1
31 Maximum HF-modulated read power 1
32 Reserved 1
33to41 Write-power settings 9
42 Tump write multi-pulse duration 1
43to47 dTup first-write-pulse start time 5
48 to 52 Tiop first-write-pulse duration 5
53 to 55 dTyp last write pulse start time 3
56 to 58 Tip last pulse duration 3
59 to 63 dTe start time of the erase level 5
64 Reserved 1
65to[72 and 73 | AdT:p first write-pulse start time offset 8,5
(mgb 4bits)
73 (Isb 4bits) | ATwp first write-pulse duration offset 7,5
and|74 to 80
81 toB4 and 85 | AdTir last-pulse start time’offset 4,5
(mgb 4bits)
85 (Isb 4bits) | ATiplast-pulse duraftion offset 4,5
and |86 to 89
90 toP7 and 98 | AdT start time offset of the erase level 8,5
(mgb 4bits)
98 (Isb 4bits) | Reserved 0,5
99 Reserved 1
DL Unit footer 12
Figure 79 — Content of disk information for DI format 4
Bytes 0 tpA: Disk-information identifier
See 1583 2.
Byte 2: DI-format number
This byte shall be set to 04h for disks with BCA code.
This byte shall be set to 84h for the disks without BCA code.
Byte 3: Number of DI aux frames in each DI block/Number of the layer to which this
DI unit applies
See 15.8.3.2.
Byte 4: Reserved
See 15.8.3.2.
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Byte 5:

Byte 6:

B

te 7:

ISO/IEC 30193:2020(E)

DI-unit sequence number in DI block
See 15.8.3.2.

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

This byte shall be set to 63h indicating that the first 99 bytes of the DI unit are
used and that there is no continuation in the next DI unit. All remaining bytes of
the DI unit body (excluding the bytes in the DI unit footer) are unused and shall be
set to 00h.

Reserved

By

By

By

By

rtes 8 to 10:

rte 11:

Bits by, to bg:

Bits bs to by:

Bits b to by:

rte 12:

Bits b, to by:

Bits b3 to bo:

rte 13:

Bits b, tehy:

Bits b3to by:

See 15.8.3.2.

BD layer type identifier
These three bytes identify the type of the BD layer to which this Bl unit applies

and shall be set to 42 44 57h, representing the characters “BDW in each fewrita-
ble layer.

Disk size/Class/Version
These 2 bits specify the disk size. They shall be sett6 00, indicating a 120jmm disk.

These 2 bits specify the class number. The class number identifies BD laygrs of the
same layer type but with different basic specifications.
BD layers according to this documentshall have these bits set to 01.

Drives not familiar with a particular class of layers should not access the|data
zone of such layers (neither for reading, nor for writing).

These 4 bits specify the version number. They shall be set to 0011, indicafing a
layer according to this do¢ument.

BD structure

These 4 bits specify the total number of BD recording/recorded layers inthe disk.
These bits,shall be set to 0011, indicating 3 recording layers.

These 4 bits specify the type of BD recording/recorded layer to which this DI unit
applies.

BitS'b; to b shall be set to 0100, indicating a rewritable recording layer.
Channel-bit length
These 4 bits shall be set to 0000.

These 4 bits specify the main data channel-bit length, which shall be the $ame on
all BD recording layers.

Byte 14:

They shall be set to as follows:
0000: reserved,
0101: indicating a channel-bit length of 55,87 nm (33,4 GB per layer), and

Other settings: reserved.

Push-pull polarity flag bits
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Bitb;: Each bit b; shall specify the polarity of the push-pull signal on recorded layer Li
see 26.1). They shall be set to as follows:
ZERO, indicating that the push-pull polarity on layer Li is positive;

ONE, indicating that the push-pull polarity on layer Li is negative;
For recording layers that are not present, bit b; shall be set to ZERO;
For this document, this byte shall be set to 00h.

Byte 15: Recorded-mark polarity flag bits

Bitb;: Each bit b; shall specify the polarity of the recorded marks on recording layer'Li

They shall be set to ZERO, indicating a layer type on which recorded marks‘have|a
lower reflectivity than the unrecorded layer (HTL disks),

ONE, indicating a layer type on which recorded marks have a higherreflectivity
than the unrecorded layer.

For recording layers that are not present, bit b; shall be set ta’ZERO.
For this document, this byte shall be set to 00h.

Byte 16: BCA descriptor
Bits b,|to by: These 4 bits shall be reserved.
Bits bs|to by: These 4 bits indicate the presence of a BCA:¢ode on this disk:

They shall be set to as follows:
0000: indicating no BCA code;
0001: indicating BCA code is présent;
Other settings: reserved.

Bytes 17(to 18: Reserved
These bytes shall be set'to all 00h.

Bytes 19[to 26 Data-zone allo¢ation
Bytes 19 to 22:  These bytes shall specify the first physical ADIP address of the data zone of the
related layer.

In eaelyDI unit relating to layer L0, these bytes shall be set to 00 02 00 00h indi-
cating PAA 131 072 as the first PAA of the data zone 0.

In each DI unit relating to layer L1, these bytes shall be set to a value FAA, which
shall be 00 5E EC 80h for a disk with a user data capacity of 33,4 GB per layer, indli-
cating PAA 6 220 928 for 33,4 GB per layer as the first PAA of data zone 1.

In each DI unit relating to layer L2, these bytes shall be set to 00 82 00 00h indi-
cating PAA 8 519 680 as the first PAA of the data zone 2.
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By

By

By

N(

By

Bytes 23 to 26:

rte 27:

rtes 28 to 29:

rte 30:

rte 31:

ISO/IEC 30193:

2020(E)

These bytes shall specify the last physical ADIP address of the data zone of the

related layer.

In each DI unit relating to layer L0, these bytes shall be set to a value LAA, which
shall be 00 21 13 7Eh for a disk with a user data capacity of 33,4 GB per layer, indi-
cating PAA 2 167 678 for 33,4 GB per layer as the last PAA of the data zone 0.

In each DI unit relating to layer L1, these bytes shall be set to 00 7D FF FEh indi-

cating PAA 8 257 534 as the last PAA of the data zone 1.

In each DI unit relating to layer L2, these bytes shall be set to the value LAA + 00

GB per layer, indicating PAA 10 556 286 for 33,4 GB per layer as the last-P
data zone 2.

Reserved
This byte shall be set to 00h.

Recording velocity
These bytes shall specify the nominal recording velocity, to be used with
rameters as defined in this DI unit, as a 2-byte binary number (byte 28 is

It shall specify the nominal recording velocity.asa number n such that:
n=100xV, .

n shall be equal to 02 E2h to indicate a’hominal recording velocity of 7,38

Maximum dc read power at the nominal recording velocity

The maximum read power is defined as the maximum optical power on t

8000 00h, which shall be 00 AT 13 7E h for a diSKk with a user data capacity of 33,4

A A of the

the pa-
MSB).

m/s.

1€ en-

trance surface of the disk, atwhich at least 10° successive reads can be applied

without degrading the recorded signals (see 30.7). Maximum read power
clause shall be greater than or equal to the read powers defined in 30.7. B
the powers defined it1-30.7 shall be used.

This byte shall specify the dc read power P,. at a readout velocity equal tq
nominal recording velocity defined in byte 28 and 29 of this DI unit. The
expression.of-this byte is as follows:

n =100x)P, where P, is expressed in milliwatt.

TE For reading atlower speeds than the nominal velocity specified in this DI unit, a reduction
wer can be necessaryto guarantee the stability of recordings on the disk.

Maximum HF-modulated read powers at the nominal recording v

s in this
y default,

the
Hecimal

bf the read

elocity

The maximum read power is defined as the maximum optical power o

the

entrance surface of the disk, at which at least 10° successive reads can be ap-
plied without degrading recorded signals (see 30.7). Maximum read ppwers in
this clause shall be greater than or equal to the read powers defined iy 30.7. By

HDFQH“‘I the powers defined in 307 shall he used

NOTE

This byte shall specify the maximum HF-modulated read power, P,. at

the same

readout velocity as the nominal recording velocity defined in byte 28 and 29 of

this DI unit. The decimal expression of this byte is as follows:

n =100 x P, where the unit of P, is milliwatt.

power can be necessary to guarantee the stability of the recordings on the disk.
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Byte 32:

Bytes 33 to 41:

Bytes 33 to 34:

Byte 3

Byte 3

Byte 3

Byte 3

Byte 3

Byte 4

Byte 4

Byte 42:

100

Reserved
This byte shall be set to 00h.

Write-power settings

Pyyp: Piyp can be used as a starting value for the determination of Py, g in the
OPC procedure (see Annex G).

These bytes shall specify the indicative value Pyyp of Py, g in milliwatts as a
number n such that:

n=20x Pp.
bit b; of Byte 33 is msb and bit b0 of Byte 34 is Isb.

i myyp: myyp, can be used as a starting value for the determination of Py .. in the
OPC procedure (see Annex G).
This byte shall specify the modulation at Py as determined(®y the media manyu-
facturer as a number n such that:
n =200 x myyp.
h: p: This byte shall specify the write-power multiplication factor p used in the OPC
algorithm (see Annex G) as a number n such that:
n=100 x p.
/: egw: This byte shall specify the write-bias/write-peak power ratio £y, used in|
the OPC algorithm (see Annex G) as.a.number n such that:
B: £c: This byte shall specify the-cooling/write-peak power ratio &: used in the OFC
algorithm (see Annex G) as:a' number n such that:
n=200 x &.
D: €g: This byte shall' specify the erase/write-peak power ratio €; used in the OPC
algorithm (seefAnnex G) as a number n such that:
n =200 x &.
D: k: This'byte shall specify the target value for k used in the OPC procedure
(seé-Annex G) as a number n such thatn = 20 x k.
| : This byte shall be reserved.
Typ write multi-pulse duration
This byte specifies the duration of the second and higher pulses of the mul-
ti-pulse train in the extended N-1 write strategy for recording marks
(see Annex F).
The first 5 bits (bits b, to b3) of this byte shall specify the fraction of the actual
channel-bit clock period, as an unsigned binary number p, such that:
TMP
p=32x — (0=p<30).
Tw
The last 3 bits (bits b, to b)) of this byte shall be reserved.
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Bytes 43 to 63:

Bytes 43 to 47:
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In these bytes, Anchor position or duration time is defined for dT,,, Ty, dTp,
Ty p and dTg.

Anchor position means the leading-edge position of each write pulse (see Fig-
ure F.1).

Regarding the duration time, anchor is specified in a similar way.

dT,

top first-write-pulse start time

The first 6 bits (bits b, to b,) of these bytes specify the start time of the first

Byte 43:

Byte 44:

Byte 45:

Byte 46:

Byte 47:

Bytes 48 to 52:

pulbc ofthre ulu}'ti-pulac traim i theextemded N=twritestr ategy, forre ording
marks with run-lengths 2T, 3T, 4T and =5T with a preceding 25T space)[ positive
values are leading, negative values are lagging; see Annex F).

The first pulse start time dT;,, shall specify a fraction of the actual channel-bit
clock period, as a signed two’s-complement binary number &, stich that:

dT
a=32x —% (228 <a<30).
W

The last 2 bits (bits by to b)) of these bytes shallbéreserved.

This byte shall specify the start time of the pulse for recording marks of run-
length 2T with a succeeding 2T space, relative to the trailing edge of the¢ first
channel bit of the data pulse (positive ¢alues are leading, negative valuds are
lagging; see Annex F).

This byte shall specify the start tiine of the pulse for recording marks of run-
length 2T with a succeeding=3T space, relative to the trailing edge of the first
channel bit of the data pulse (positive values are leading, negative valuds are
lagging; see Annex F).

This byte shall specify the start time of the first pulse of the multi-pulse¢ train for
recording marks.f run-length 3T, relative to the trailing edge of the fir§t chan-

nel bit of the data pulse (positive values are leading, negative values arq lagging;
see Annex F).

This byte'shall specify the start time of the first pulse of the multi-pulsg train for
recording marks of run-length 4T, relative to the trailing edge of the fir§t chan-

nelbit of the data pulse (positive values are leading, negative values arq lagging;
see Annex F).

This byte shall specify the start time of the first pulse of the multi-puls¢ train
for recording marks of run-lengths =5T, relative to the trailing edge of the first
channel bit of the data pulse (positive values are leading, negative valuds are
lagging; see Annex F).

Tiop first write-pulse duration

The first 6 bits (bits b, to b,) of these bytes specify the duration of the first pulse
of the multi-pulse train, in the extended N-1 write strategy, for recording marks
with run-lengths 2T, 3T, 4T, and 25T with a preceding 25T space (see Annex F).

These bytes shall specify a fraction of the actual channel-bit clock period, as an
unsigned binary number b, such that:

Ttop

b=32x (0<b<60).
w

The last 2 bits (bits b, to b,) of these bytes shall be reserved.
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Byte 48:

Byte 49:

Byte 50:

Byte 51:

This byte shall specify the duration of the pulse for recording marks of run-
length 2T with a succeeding 2T space (see Annex F).

This byte shall specify the duration of the pulse for recording marks of run-
length 2T with a succeeding >3T space (see Annex F).

This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording marks of run-length 3T (see Annex F).

This byte shall specify the duration of the first pulse, of the multi-pulse train, for

13

Byte 5

Bytes 53|to 55:

Byte 58:

Byte 5¢:

T

Byte 5

Bytes 56|to 58:

recording of marks of run-length 4T (see Annex I).

This byte shall specify the duration of the first pulse, of the multi-pulse train, fpr
recording marks of run-lengths 25T (see Annex F).

dT|p last write-pulse start time

The first 6 bits (bits b; to b,) of these bytes specify the start timé of the last
pulse of the multi-pulse train, in the extended N-1 write strategy, for recording
marks with run-lengths 3T, 4T, and =5T with a succeeding\25T space (positive
values are leading, negative values are lagging; see Aiinex F).

The last-pulse start time dT| p is expressed as a fraetion of the actual channel-bjit
clock period, as a signed two’s-complement bindry number ¢, such that:

dT;p
c=32x (=30 =c<30).
Ty
The last 2 bits (bits by to by) of these bytes shall be reserved.

This byte shall specify the start time of the last pulse of the multi-pulse train for
recording marks of run-length 3T relative to the leading edge of the last channgl
bit of the data pulse (positiyve values are leading, negative values are lagging;
see Annex F).

This byte shall specify-the start time of the first pulse, of the multi-pulse train,
for recording marks of run-length 4T relative to the leading edge of the last
channel bit of the'data pulse (positive values are leading, negative values are
lagging; see-Annex F).

This byteshall specify the start time of the first pulse of the multi-pulse train for
recording marks of run-lengths >5T relative to the leading edge of the last chanp-
nelbit of the data pulse (positive values are leading, negative values are lagging;
se€ Annex F).

T\ p last-pulse duration

The first 5 bits (bits b, to b;) of these bytes specify the last pulse length of the
multi-pulse train, in the extended N-1 write strategy, for recording marks with|

Byte 56:

102

run-lengths 571, 41 and 251 with a succeeding 251 space (see Annex I').

These bytes shall specify a fraction of the actual channel-bit clock period as an
unsigned binary number d such that:

Tip
d=32x —— (0=<d<30).
TW
The last 3 bits (bits b, to b)) of these bytes shall be reserved.

This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording marks of run-length 3T (see Annex F).
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Byte 57: This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording marks of run-length 4T (see Annex F).

Byte 58: This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording marks of run-lengths =5T (see Annex F).

Bytes 59 to 63: dTy start time of the erase level

The first 7 bits (bits b, to b;) of these bytes specify the start time of the erase
level of the extended N-1 write strategy for the recording marks with run-

| o DT DT AT d 0T i+l P H [l L 143 1 ~
TCITESCITS 1, O &, 11, alta =91 vwitlhh a SUCCCCUTITES =9 1T SopattpuUsSTtIrve varat are

leading, negative values are lagging; see Annex F).

The start time of the erase level dT} is expressed as a fraction of the’actpal chan-
nel-bit clock period, as a signed two’s-complement binary number e, sudh that:

dTg
e=32x (-48 <e<30).
TW
The last bit (bit b)) of these bytes shall be reserved.

Byte 59: This byte shall specify the start time of the eraselevel for recording majrks of
run-length 2T with a preceding 2T space.

Byte 60: This byte shall specify the start time of-the erase level for recording majrks of
run-length 2T with a preceding 23T space.

Byte 61: This byte shall specify the start time of the erase level of the multi-puls¢ train
for recording marks of run-length 3T.

Byte 62: This byte shall specify theistart time of the erase level of the multi-puls¢ train
for recording marks of\réth-length 4T.

Byte 63: This byte shall specify the start time of the erase level of the multi-puls¢ train
for recording marks of run-lengths >5T.

Byte 64: Reserved
This byte'shall be set to 00h.
Bytes 65 to 98: Inthése bytes, A is defined as the offset from the anchor position or duraption
time which is specified from bytes 43 to 63.
Offset means the time difference from the anchor position. Regarding the dura-

tion time, offset is specified in a similar way (see Figure F.1).

Bytes 65 to,72 and 73 (msb 4 bits): AdT,

top first write-pulse start time offset

These bytes specify the leading edge offset of the first pulse of the mult]-pulse
train, in the extended N-1 write strategy, for recording marks with run{lengths
2T, 3T, 4T and =5T with a preceding 2T, 3T, or 4T space (see Annex F).

The first-pulse start time offset AdT,, is expressed as a fraction of the actual
channel bit clock period, as a signed two’s-complement binary number £, such that:

Athop
f=32x (-28 < f< 30). for Byte 65 and 66;
w
AthOp
f=32x (-8 =f< 7). for Byte 67 to 72 and 73 (MSB 4 bits).

Ty
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Table 1 — Dependence of the dT,, value for each mark

Mark 2M

Succeeding space 3M 4M >5M
2S 23S

Preceding space
2S
3S f
4S
>08 a

Table 1 shows the dependence of the dT,,, value for each mark that is going to be written,~0b the

preceding and succeeding spaces. The area denoted by "a" accommodates the anchor values)and the
area denqted by " f" includes the offset value as follows:

f The area with this pattern includes the offset values, which are represented-by " f".

a The area with this pattern includes the anchor values, which are represented by "a". The
value "i =f+a " shall satisfy -28 <i < 30.

See F.2.

Byte 6pb:  The first 6 bits (bits b, to b,) of this byte shall specify the Start time offset of the pulsq
for recording marks of run-length 2T with a preceding 2T space and a succeeding 2T
space. In case this byte applies, the anchor position'is specified in byte 43 (thOp fora 4T
mark with a preceding 25T space and a succeedinhg 2T space).

The last 2 bits (bits b; to b,) of this byte shalldbe reserved.
Byte 6p:  The first 6 bits (bits b, to b,) of this byteshall specify the start time offset of the pulse

for recording marks of run-length 2T\with a preceding 2T space and a succeeding 23T
space. In case this byte applies, thezanchor position is specified in byte 44 (dT,, for a 4T
mark with a preceding 25T spage and a succeeding 23T space).

The last 2 bits (bits b; to bg) bf this byte shall be reserved.

Byte 6f:  The first 4 bits (bits byto.b,) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recording marks of run-length 3T with a preceding 2
space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte 4]
(dT,p for a 3T mark with a preceding 25T space).

The last 4 bits (bits b; to byy) of this byte shall specify the start time offset of the first
pulse of theé multi-pulse train for recording marks of run-length 4T with a preceding 2|l
space,Jn Case these bits (bits b; to by) apply, the anchor position is specified in byte 46
(dTgp for a 4T mark with a preceding 25T space).

—

Byte 68: « TPhe first 4 bits (bits b, to b,) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recording marks of run-lengths 25T with a preceding
2T spacetrcase these bitsthits b to bz apply; theanchor positionrisspecifiedimbyt

47 (dTy,p, for 25T mark with a preceding 25T space).

The last 4 bits (bits b; to byy) of this byte shall specify the start time offset of the pulse

for recording marks of run-length 2T with a preceding 3T space and a succeeding a 2T
space. In case these bits (bits b; to by) apply, the anchor position is specified in byte 43
(dTop for a 2T mark with a preceding 25T space and a succeeding 2T space).
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Byte 69:  The first 4 bits (bits b, to b,) of this byte shall specify the start time offset of the pulse
for recording marks of run-length 2T with a preceding 3T space and a succeeding =3T
space. In case of these bits (bits b, to b,) the anchor position is specified in byte 44
(dTiop for 2T mark with a preceding 25T space and a succeeding 23T space).

The last 4 bits (bits b; to by) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recording marks of run-length 3T with a preceding
3T space. In case of these bits (bits b; to b)), the anchor position is specified in byte 45
(dTiop for 3T mark with a preceding 25T space).

= 2 ' ' i e first
pulse of the multi-pulse train for recording marks of run-length 4T with a preceding 3T
space. In case these bits (bits b, to b,) apply, the anchor position is specifiedinfbyte 46
(dTiop for a 4T mark with a preceding 25T space).

The last 4 bits (bits b; to by) of this byte shall specify the start timéoffset of thp first

pulse of the multi-pulse train for recording marks of run-lengths:25T with a preceding
3T space. In case these bits (bits b; to by) apply, the anchor pgsition is specified in byte
47 (dTy,p, for a 25T mark with a preceding 25T space).

Byte 71:  The first 4 bits (bits b, to b,) of this byte shall specify®he’start time offset of tle pulse
for recording marks of run-length 2T with a preceding 4T space and a succeeding 2T
space. In case these bits (bits b, to b,) apply, the.anchor position is specified infbyte 43
(dTiop for 2T mark with a preceding 25T space-ahd a succeeding 2T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start time offset of the pulse
for recording marks of run-length 2T withya preceding 4T space and a succeeding 23T
space. In case these bits (bits b; to by)apply, the anchor position is specified infbyte 44
(dTiop for a 2T mark with a preceding 25T space and a succeeding 23T space).

Byte 72:  The first 4 bits (bits b, to b,) oftthis byte shall specify the start time offset of the first
pulse of the multi-pulse trajnfor recording marks of run-length 3T with a precg¢ding 4T
space. In case these bits (bits b, to b,) apply, the anchor position is specified in[byte 45
(dTiop for a 3T mark withd preceding 25T space).

The last 4 bits (bits'b4 to b,) of this byte shall specify the start-time offset of the first

pulse of the multi-pulse train for recording marks of run-length 4T with a prec¢ding 4T
space. In casethése bits (bits b to by) apply, the anchor position is specified in|byte 46
(dTop for a@Tmark with a preceding 25T space).

Byte 73 (msb 4 bits);

The)first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the first
pulse of the multi-pulse train for recording marks of run-lengths 25T with a preceding
4T. In case these bits (bits b, to b,) apply, the anchor position is specified in by{e 47
(dTi,p for a 25T mark with a preceding 25T space).

Bytes 73 (Isb 4 bits) and 74 to 80: AT, first write-pulse duration offset

These bytes specify the duration offset of the first pulse of the multi-pulse train, in the
extended N-1 write strategy, for recording marks with run-lengths 2T, 3T, 4T, and 25T
with a preceding 2T, 3T, or 4T space (see Annex F).

These bytes shall specify a fraction of the actual channel-bit clock period, as a signed
two’s-complement binary number g, such that:

AT,
g=32x Tt(’p (-8<g<7).
w
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Table 2 — Dependence of the T;,, value for each mark

Mark 2M

Succeeding space 3M 4M >5M
2S 23S

Preceding space
2S
3S g
4S
>0S h

Table 2 sHows the dependence of the T, value for each mark that is going to be written, on the precedipg
and succdeding spaces. The area denoted by "b" accommodates the anchor values and the areadenotged

by "g" incdudes the offset values as follows:

n_n

g The area with this pattern includes the offset values, which are represented by "g".

b The area with this pattern includes the anchor values, which are represented by "b".
The value "j =g + b " shall satisfy 0 < j < 60.

See E.2.

Byte 78: (Isb 4 bits):

The last 4 bits (bits b to b)) of this byte shall spesify the duration offset of the pulse
for recording marks of run-length 2T with a preceding 2T space and a succeeding 2T]
space (see Annex F). In case these bits (bits b;'to b,) apply, the anchor duration time|is
specified in byte 48 (T, for a 2T mark with-a preceding 25T space and a succeeding
2T space).

g

Byte 71 The first 4 bits (bits b, to b,) of this-byte shall specify the duration offset of the puls¢
for recording marks of run-length-2T with a preceding 2T space and a succeeding =23
space (see Annex F). In case these bits (bits b, to b,) apply, the anchor duration time
is specified in byte 49 (T4 for a 2T mark with a preceding 25T space and a succeed-

ing 23T space).

The last 4 bits (bits-h5to b,) of this byte shall specify the duration offset of the first
pulse of the multi=pulse train for recording marks of run-length 3T with a preceding
2T space (see Annex F). In case these bits (bits b; to by) apply, the anchor duration
time is specified in byte 50 (T;,, for a 3T mark with a preceding 25T space).

—

T

Byte 7 The first 4bits (bits b, to b,) of this byte shall specify the duration offset of the first
pulse‘of'the multi-pulse train for recording marks of run-length 4T with a preceding
2T space (see Annex F). In case these bits (bits b, to b,) apply, the anchor duration

tinte is specified in byte 51 (T, for a 4T mark with a preceding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording marks of run-lengths >5T with a preced-
ing 2T space (see Annex F). In case these bits (bits b; to by) apply, the anchor duration
time is specified in byte 52 (T, for a 25T mark with a preceding 25T space).
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Byte 76: The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the pulse for
recording marks of run-length 2T with a preceding 3T space and a succeeding 2T space
(see Annex F). In case these bits (bits b, to b,) apply, the anchor duration time is speci-
fied in byte 48 (T, for 2T mark with a preceding 25T space and a succeeding 2T space).

The last 4 bits (bits b; to by) of this byte shall specify the duration offset of the pulse
for recording marks of run-length 2T with a preceding 3T space and a succeeding 23T
space (see Annex F). In case these bits (bits b to by) apply, the anchor duration time is
specified in byte 49 (T, for a 2T mark with a preceding 25T space and a succeeding
>3T space).

Byte 77: The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of t}le first
pulse of the multi-pulse train for recording of marks of run-length 3T with'a greced-
ing 3T space (see Annex F). In case these bits (bits b, to b,) apply, the,anchor fluration
time is specified in byte 50 (T;,, for 3T mark with a preceding 25T ‘space).

The last 4 bits (bits bs to b)) of this byte shall specify the duration offset of thie first
pulse of the multi-pulse train for recording marks of run-length 4T with a prefceding
3T space (see Annex F). In case these bits (bits b to by) apply, the anchor duration

time is specified in byte 51 (T, for a 4T mark with a preceding 25T space).

Byte 78: The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording marks.of run-lengths 25T with a greced-
ing 3T space (see Annex F). In case these bits{bits b, to b,) apply, the anchor fluration
time is specified in byte 52 (T, for a 25T mark with a preceding 25T space).

The last 4 bits (bits b; to byy) of this byte'shall specify the duration offset of the pulse
for recording marks of run-length 2Fwith a preceding 4T space and a succeedling 2T
space (see Annex F). In case thesedits (bits b; to b,) apply, the anchor duratign time is
specified in byte 48 (T, for a 2Fmark with a preceding 25T space and a sucqeeding
2T space).

Byte 79: The first 4 bits (bits b, to\by) of this byte shall specify the duration offset of ttﬁe pulse
for recording marks.of Fun-length 2T with a preceding 4T space and a succeedling 23T
space (see Annex F).In case these bits (bits b, to b,) apply, the anchor duratign time is
specified in byte-49 (T, for a 2T mark with a preceding 25T space and a sucqeeding
>3T space).

The last 4bits (bits b; to b,) of this byte shall specify the duration offset of thie first
pulse of the multi-pulse train for recording marks of run-length 3T with a preceding
4T spage (see Annex F). In case these bits (bits b to b,) apply, the anchor durgtion
tite is specified in byte 50 (T, for a 3T mark with a preceding 25T space).
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Byte 80: The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the first

Bytes 81

Table 3 s
preceding
area deng

See F.2.

108

h
c

pulse of the multi-pulse train for recording marks of run-length 4T with a preceding
4T space (see Annex F). In case these bits (bits b, to b,) apply, the anchor duration
time is specified in byte 51 (T, for 4T mark with a preceding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording marks of run-lengths 25T with a preced-
ing 4T space.(see Annex F). In case these bits (bits b; to b,) apply, the anchor duratio
time is specified in byte 52 (T;,, for a 25T mark with a preceding 25T space).

These bytes specify the start time offset of the last pulse of the multi-pulse traif)in

with a succeeding 2T, 3T, or 4T space (see Annex F).

The last-pulse start time offset AdT; p is expressed as a fraction of theaebual chan-
nel-bit clock period, as a signed two’s-complement binary number h; such that:

AdT,
h=32x —  (8<h<7).
TW

Table 3 — Dependence of the dT; ; value for éach mark

Mark
- 3M 4M >5M
Succeeding space
2S
3S h
4S
>5S c

hows the dependence of the dT|p, ¥alue for each mark that is going to be written, on t

r and succeeding spaces. The area denoted by "c" accommodates the anchor values and t
ted by "h" includes the offset valtes as follows:

The area with this pattern includes the offset values, which are represented by "h".

n_n

The area with this pattern includes the anchor values, which are represented by "c".
The value "r =h¥ ¢ " shall satisfy -30 < r < 30.

St 85-frrsb-bitsj At st . £

the extended N-1 write strategy, for recording marks with run-lengths 3T, 4T; and =3

n

T

he
he
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Byte 81: The first 4 bits (bits b, to b,) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording marks of run-length 3T with a succeeding
2T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte
53 (dTp for a 3T mark with a succeeding 25T space).

The last 4 bits (bits b; to by) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording marks of a run-length 4T with a succeeding
2T space. In case these bits (bits b; to b,) apply, the anchor position is specified in byte
54 (dTp for a 4T mark with a succeeding >5T space).

i i i the last
7 4
pulse of the multi-pulse train for recording marks of run-lengths 25T withya-$jucceed-
ing 2T space. In case these bits (bits b, to b,) apply, the anchor position.isspefified
in byte 55 (dTp for a 25T mark with a succeeding =5T space).

The last 4 bits (bits b; to b,) of this byte shall specify the start tirhe-offset of the last
pulse of the multi-pulse train for recording marks of run-length-3T with a sugceeding
3T space. In case these bits (bits b; to by) apply, the anchor position is specifi¢d in byte
53 (dTp for a 3T mark with a succeeding 25T space).

Byte 83: The first 4 bits (bits b, to b,) of this byte shall specify-the start time offset of the last
pulse of the multi-pulse train for recording markstofrun-length 4T with a succeeding
3T space. In case these bits (bits b, to b,) apply, thé anchor position is specifi¢d in byte
54 (dTp for 4T mark with a succeeding >5T space).

The last 4 bits (bits b; to by) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording marks of run-lengths 25T with a sjucceed-
ing 3T space. In case these bits (bits b to b) apply, the anchor position is spefified
in byte 55 (dTp for a 25T mark witha succeeding =5T space).

Byte 84: The first 4 bits (bits b, to b,).6fthis byte shall specify the start time offset of the last
pulse of the multi-pulse train‘for recording marks of run-length 3T with a sudceeding
4T space. In case these bits’(bits b, to b,) apply, the anchor position is specifigd in byte
53 (dTp for a 3T mark with a succeeding 25T space).

The last 4 bits (bits.b; to b,) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording of marks of run-length 4T with a succeed-
ing 4T space-In‘case these bits (bits bs to b,) apply, the anchor position is spefified
in byte 54 (dT| p for 4T mark with a succeeding >5T space).

Byte 85 (msb 4 bits):

Thefirst 4 bits (bits b, to b,) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording marks of run-lengths 25T with a sjucceed-
ing 4T space. In case these bits (bits b, to b,) apply, the anchor position is spefified

in byte 55 (dT|p for > a 5T mark with a succeeding 25T space).

Bytes 85 (Isb 4 bits) and 86 to 89: AT, last-pulse duration offset

These bytes specify the duration offset for the last pulse length of the multi-pulse
train, in the extended N-1 write strategy, for recording marks with run-lengths 3T, 4T,
and 25T with a succeeding 2T, 3T, or 4T space (see Annex F).

This byte shall specify a fraction of the actual channel-bit clock period, as a signed
two’s-complement binary number v, such that:

AT
v=32x —£  (8<v<7).
TW
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Table 4 — Dependence of the T value for each mark

Mark
3M 4M =5M
Succeeding space
2S
3S \4
4S
=58 d

Table 4 sH
and succe

by "v" inc

v
d

See E.2.

Byte 8

Byte 8

Byte 8

ows the dependence of the T} p value for each mark that1is going to be written, on the precedi
eding spaces. The area denoted by "d" accommodates the anchor values and the area dénot
Judes the offset values as follows:

The area with this pattern includes the offset values, which are represented by "v".

The area with this pattern includes the anchor values, which are represented by "d".
The value "s = v + d" shall satisfy 0 < s < 30.

5 (Isb 4 bits):

@A)

The last 4 bits (bits b; to b)) of this byte shall specify-the duration offset of the last
pulse of the multi-pulse train for recording marksf run-length 3T with a succeeding

ng
ed

2T space (see Annex F). In case these bits (bits byto b,) apply, the anchor duration tine

is specified in byte 56 (T p for a 3T mark with‘asucceeding >5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording marks of run-length 4T with a succeeding
2T space (see Annex F). In case thesg bits (bits b; to b,) apply, the anchor duration tirj
is specified in byte 57 (T p for adDmark with a succeeding 25T space).

The last 4 bits (bits b to b)) efthis byte shall specify the duration offset of the last
pulse of the multi-pulse tyain‘for recording marks of run-lengths 25T with a succeed-
ing 2T space (see AnnexF). In case these bits (bits b; to by) apply, the anchor duratio
time is specified in byte 58 (T p for 25T mark with a succeeding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording marks of run-length 3T with a succeeding
3T space (see-Annex F). In case these bits (bits b, to b,) apply, the anchor duration tirj
is specifiedin byte 56 (T p for a 3T mark with a succeeding =5T space).

The last 4 bits (bits b; to b,) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording marks of run-length 4T that with a succeq
ing 3T space (see Annex F). In case these bits (bits b; to by) apply, the anchor duratio
time is specified in byte 57 (T p for a 4T mark with a succeeding >5T space).

e

d-

Byte 8

110

I'he nirst 4 bits [ DITs b; To D4) oI this byte shall specily the duration offset of the Iast

pulse of the multi-pulse train for recording marks of run-lengths 25T with a succeed-

ing 3T space (see Annex F). In case these bits (bits b, to b,) apply, the anchor duration

time is specified in byte 58 (T} p for a 25T mark with a succeeding >5T space).

The last 4 bits (bits b to b)) of this byte shall specify the duration offset of the last

pulse of the multi-pulse train for recording marks of run-length 3T with a succeeding
4T space (see Annex F). In case these bits (bits b to by) apply, the anchor duration time

is specified in byte 56 (T p for a 3T mark with a succeeding 5T space).
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The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording marks of run-length 4T with a succeeding
4T space (see Annex F). In case these bits (bits b, to b,) apply, the anchor duration time
is specified in byte 57 (T} p for a 4T mark with a succeeding >5T space).

The last 4 bits (bits b; to by) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording marks of run-lengths 25T with a succeed-
ing 4T space (see Annex F). In case these bits (bits b; to b,) apply, the anchor duration
time is specified in byte 58 (T p for a 25T mark with a succeeding =5T space).

E

ing 2T, 3T, or 2 4T space (positive values are leading, negative valuésiare lagging;
see Annex F).

The start time offset of the erase level AdTy is expressed as afraction of the adtual
channel-bit clock period, as a signed two’s-complement bifnary number w, suclf that:

AdTg

w=32x (=24 < w < 15). for Byte 90 and 9%;
TW
AdT,

w=32 x top

(-8 <w < 7) for Byte 9206 97 and 98 (MSB 4 bits).
w

Table 5 — Dependence of the dT value for each mark

Mark 2M

Preceding space 3M 4M >5M
2S 23S

Succeeding space
2S

3S w

4S

=58 e

Table 5 shows the dependence of the dT, value for each mark that is going to be written, on the preceding

an
by

Se

n_n

d succeeding spaces,The area denoted by "e" accommodates the anchor values and the arep denoted

no.n

w

w

includes the-offset values as follows:

Thesarea with this pattern includes the offset values, which are represented by "wf.

The area with this pattern includes the anchor values, which are represented by "q". The
value "u = w + e" shall satisfy -48 < u < 30.
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Byte 90:

Byte 91:

Byte 9

Byte 9

Byte 9

Byte 9

112

a2 1 margk witira preceding =3 T space anmdasucceeding =51 spacer:

T~

T

The first 6 bits (bits b, to b,) of this byte shall specify the start time offset of the erase
level for recording marks of run-length 2T with a succeeding 2T space and a preceding
2T space. In case this byte applies, the anchor position is specified in byte 59 (dTf for a
2T mark with a preceding 2T space and a succeeding 25T space).

The last 2 bits (bits by to by) of this byte shall be reserved.
The first 6 bits (bits b; to b,) of this byte shall specify the start time offset of the erase

level for recording marks of run-length 2T with a succeeding 2T space and a preceding
23T space. In case this byte applies, the anchor position is specified in byte 60 (dTy for

The last 2 bits (bits by to b,) of this byte shall be reserved.

The first 4 bits (bits b, to b,) of this byte shall specify the start time offset 6fthe erage
level of the multi-pulse train for recording marks of run-length 3T with astcceeding
2T space. In case these bits (bits b, to b,) apply, the anchor position is-specified in byjte
61 (dTg for a 3T mark with a succeeding =5T space).

The last 4 bits (bits b; to byy) of this byte shall specify the start tithe offset of the

succeeding erase level of the multi-pulse train for recording marks of run-length 4T
with a 2T space. In case these bits (bits b; to by) apply, the-ah¢hor position is specifigd
in byte 62 (dTg for a 4T mark with a succeeding 25T spage).

The first 4 bits (bits b, to b,) of this byte shall specify) the start time offset of the erage
level of the multi-pulse train for recording marks of run-lengths 25T with a succeedipg
2T space. In case these bits (bits b, to b,) apply,the anchor position is specified in byjte
63 (dTg for a 25T mark with a succeeding 25T space).

The last 4 bits (bits b; to by) of this byte Shall specify the start time offset of the erage
level for recording marks of run-length-2T with a succeeding 3T space and a preceding
2T space. In case these bits (bits b, tob,) apply, the anchor position is specified in byjte
59 (dTy for a 2T mark with a preceding 2T space and a succeeding >5T space).

The first 4 bits (bits b, to bg)lof this byte shall specify the start time offset of the erage
level for recording of marks of run-length 2T with a succeeding 3T space and a preced-
ing 23T space. In casehese bits (bits b, to b,) apply, the anchor position is specified
in byte 60 (dTf for 2T mark with a succeeding 5T space and a preceding 23T space)

The last 4 bits (bits b; to b,y) of this byte shall specify the start time offset of the erase
level of the multi-pulse train for recording marks of run-length 3T with a succeeding
3T space. In¢édse these bits (bits b; to by) apply, the anchor position is specified in byjte
61 (dTgfera 3T mark with a succeeding >5T space).

Thefirst 4 bits (bits b, to b,) of this byte shall specify the start time offset of the erage
level of the multi-pulse train for recording marks of run-length 4T with a succeeding
3T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byjte
62 (dTg for a 4T mark with a succeeding 25T space).

The tast 4 bits (bits b3 1o by ) of thisbyte sitatt specify the starttime offsetof the erase
level of the multi-pulse train for recording marks of run-lengths =5T with a succeeding
3T space. In case these bits (bits b; to b,) apply, the anchor position is specified in byte
63 (dT for = a 5T mark with a succeeding 5T space).
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By

By

T}

Byte 96:

rte 99:

Byte 98 (msb 4 bits):

rte 98: (Isb 4 bits):

rtes 100 to 111: DI unit foeter

.8.3.4 Definitionsfor DI format 5 (Extended N/2 write strategy)

e content offhe’body of DI units according to format 5 shall be as depicted in Figure 80.

ISO/IEC 30193:2020(E)

The first 4 bits (bits b, to b,) of this byte shall specify the start time offset of the erase
level for recording marks of run-length 2T with a succeeding 4T space and a preceding
2T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte

59 (dT for a 2T mark with a succeeding 25T space and a preceding 2T space).

The last 4 bits (bits bs to by) of this byte shall specify the start time offset of the erase
level for recording marks of run-length 2T with a succeeding 4T and a preceding 23T
space. In case these bits (bits b; to b)) apply, the anchor position is specified in byte 60

(dTg for a 2T mark with a preceding 23T space and a succeeding 25T space).

7 4
level of the multi-pulse train for recording marks of run-length 3T with asticg

4T space. In case these bits (bits b, to b,) apply, the anchor position is specifig
61 (dTy for a 3T mark with a succeeding =5T space).

The last 4 bits (bits b; to b,y) of this byte shall specify the start time offset of 4
level of the multi-pulse train for recording marks of run-lengtn47 with a sucd
4T space. In case these bits (bits b; to by) apply, the anchor position is specifig
62 (dT for a 4T mark with a succeeding >5T space).

The first 4 bits (bits b, to b,) of this byte shall spéeify the start time offset of
level of the multi-pulse train for recording marks of run-lengths =5T with a st
4T space. In case these bits (bits b, to b,) apply, the anchor position is specifig
63 (dTy for a 25T mark with a succeeding 25T space).

Reserved
These bits shall be set to 0000.

Reserved
This byte shall be setto 00h.

See 15.8.3.2.

'he erase
eeding
d in byte

he erase
eeding
d in byte

the erase
jcceeding
d in byte
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Byte number Content Number of
bytes
0to7 DI-Unit header 8
8to10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-Pullpolarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BEAdescriptor t
1} t0 18 Reserved 2
1P to 26 Data-Zone allocation 8
27 Reserved 1
28t029 Recording Velocity 2
30 Maximum dc read powers 1
31 Maximum HF-modulated read powers 1
32 Reserved 1
3Bto41 Write-power settings 9
42 Twvp write multi-pulse duration 1
4Bto47 dTiop first write-pulse start time 5
481052 Tiop first write-pulse duration 5
5B to 54 dTip last-write pulse start time 2
5p to 56 Tip last-pulse duration 2
5fto61 dT: start time of the erase level 5
62 Reserved 1
63to[70and 71 | AdTiyp first write-pulse start time offset 85
(mgb 4 bits)
71 (Ish 4 bits) and | ATy first write-pulse duration offset 7,5
7Pt0 78
7D to 81 AdTip last-pulse start timeoffset 3
8P to 84 ATip last-pulse duration.effset 3
85t0|92and 93 | AdTk start time offset ofthe erase level 85
(mgb 4 bits)
93 (Isb 4 bits ) Reserved 0,5
9 to 99 Reserved 6
10Pto 111 DI Unitfooter 12
Figure 80 — Content of disk information for DI format 5
Bytes 0 tp 11 Disk-information identifier
See 15.8.3.2.
Byte 2: DI-format number
This byte shall be set to 05h for the disks with BCA code.
This byte shall be set to 85h for the disks without BCA code.
Byte 3: Number of DI aux frames in each DI block/Number of the layer to which this
DI unit applies
See 15.8.3.2.
Byte 4: Reserved
See 15.8.3.2.

114 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=c9c3551736c247ae3515d278dcfab12a

ISO/IEC 30193:2020(E)

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 5Eh indicating that the first 94 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.

Byte 7: Reserved
See 15.8.3.2.

Bytes 8 to 10: BD layer-type identifier
These three bytes identify the type of the BD layer to which thds DI unit applies
and shall be set to 42 44 57h, representing the characters “BDW” in each [rewrita-
ble layer.

Byte 11: Disk size/Class/Version

By

By

rte 12:

rte 13:

Bits b, to bg;:

Bits bg to by:

Bits b; to by:

Bits b, to by:

Bits b3 to bO:

Bits b, to b

Bits bs.fo by:

These 2 bits specify the disk size. They shall be setto 00, indicating a 120jmm disk.

These 2 bits specify the class number. The,class number identifies BD laygrs of the
same layer type but with different basicspecifications.

BD layers according to this document shall have these bits set to 01.

Drives not familiar with a particula¥ class of layers should not access the|data
zone of such layers (neither fortfeading, nor for writing).

These 4 bits specify the verSion number. They shall be set to 0011, indicafing a
layer according to this dociment.

BD structure

These 4 bits specify the total number of BD recording/Recorded layers oh the
disk. Theseg bits shall be set to 0011, indicating 3 recording layers.

These.4 bits specify the type of BD recording/Recorded layer to which thiis DI unit
applies: Bits b; to b, shall be set to 0100, indicating a rewritable recordirg layer.

Channel-bit length
These 4 bits shall be set to 0000.

These 4 bits specify the main data channel-bit length, which shall be the $ame on
all BD recording layers.

They shall be set to as follows:

Byte 14:

0000, reserved;
0101, indicating a channel-bit length of 55,87 nm (33,4 GB per layer);

Others: reserved.

Push-pull polarity flag bits
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Bitb;: Each bit b; shall specify the polarity of the push-pull signal on recording layer Li
(see 26.1). They shall be set to as follows:

ZERO, indicating that the push-pull polarity on layer Li is positive;

ONE, indicating that the push-pull polarity on layer Li is negative.
For recording layers that are not present, bit b; shall be set to ZERO;
For this document, this byte shall be set to 00h.

Byte 15: Recorded mark polarity flag bits

Bitb; : Each bit b; shall specify the polarity of recorded marks on recording layer Li
They shall be set to as follows:

ZERO, indicating a layer type on which recorded marks have a lowen
reflectivity than the unrecorded layer (HTL disks);

ONE, indicating a layer type on which recorded marks have a Higher
reflectivity than the unrecorded layer;

For recording layers that are not present, bit b; shall be;setto ZERO;
For this document, this byte shall be set to 00h.

Byte 16: BCA descriptor
Bits b{to by: These 4 bits shall be reserved.
Bits b{ to by These 4 bits indicate the presence of 2. BCA code on this disk:

They shall be set to as follows:
0000: indicating no BCA code;
0001: indicating BCA codé.is present;
Others: reserved.

Bytes 17|to 18: Reserved
These bytes shall:be set to all 00h.

Bytes 19(to 26: Data-zne,allecation

Bytes 19 to 22: Thesg bytes shall specify the first physical ADIP address of the data zone of the
related layer.

Imeach DI unit relating to layer L0, these bytes shall be set to 00 02 00 00h indi-
cating PAA 131 072 as the first PAA of data zone 0.

In each DI unit relating to layer L1, these bytes shall be set to a value FAA, which
shall be 00 5E EC 80h for a disk with a user-data capacity of 33,4 GB per layer,

indicatina PAA £ 290 Q29 £0,- 22 A D narlavyar actho fiect DAA oftbha data 2000
e Cat S Ty O =5 Lo O S5 o b P ey e a5t e St iy r O the-Gata o,

In each DI unit relating to layer L2, these bytes shall be set to 00 82 00 00h indi-
cating PAA 8 519 680 as the first PAA of the data zone 2.
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These bytes shall specify the last physical ADIP address of the data zone
related layer.

of the

In each DI unit relating to layer L0, these bytes shall be set to a value LAA, which

shall be 00 21 13 7Eh for a disk with a user-data capacity of 33,4 GB per |
indicating PAA 2 167 678 for 33,4 GB per layer as the last PAA of the data

ayer,
zone 0.

In each DI unit relating to layer L1, these bytes shall be set to 00 7D FF FEh indi-

cating PAA 8 257 534 as the last PAA of the data zone 1.
In each DI unit relating to layer L2, these bytes shall be set to the value

By

By

By

N(
po

By

rte 27:

rtes 28 to 29:

Bytes 28 to 29:

rte 30:

LAA+ 0038000 00h, which shall be OUAT I3 /EhTor a diSKwith a uSer.dpta ca-

pacity of 33,4 GB per layer, indicating PAA 10 556 286 for 33,4 GB perlay
last PAA of the data zone 2.

Reserved
This byte shall be set to 00h.

Recording velocity

These bytes shall specify the nominal recordingvelocity, to be used with

br as the

the pa-

rameters as defined in this DI unit, as a 2-byte birfary number (byte 28 isfMSB).

It shall specify the nominal recording velocity as a number n such that:
n=100 %V, .-

Here, n shall be equal to 02 EZh to indicate a nominal recording velocity
7,38 m/s.

Maximum dc read power at the nominal recording velocity

The maximum read power is defined as the maximum optical power to which this
DI unit applies on the@ntrance surface of the disk, at which at least 100 SIilllccessive

reads can be appliéd without degrading the recorded signals (see 30.7). N

aximum

read powers in‘this clause shall be greater than or equal to the read pow¢rs de-

fined in 30.7. By default, the powers defined in 30.7 shall be used.

This byteshall specify the dc read power P,. at a readout velocity equal tq the
nominalrecording velocity defined in bytes 28 and 29 of this DI unit. Thg decimal

expression of this byte is as follows:

hz 100 x P, where P, is expressed in milliwatts.

TE For redading at lower speeds than the nominal velocity specified in this DI unit, a reduction
wer can be necessary to guarantee the stability of recordings on the disk.

rte 31 Maximum HF-modulated read powers at the nominal recording velocity

The maximum read power is defined as the maximum optical power to which th

bf the read

s DI unit

NOTE

applies on the entrance surtace of the aisK, at which at least 10° Successive read
applied without degrading the recorded signals (see 30.7). Maximum read powers in this
clause shall be greater than or equal to the read powers defined in 30.7. By default, the

powers defined in 30.7 shall be used.

can be

This byte shall specify the maximum HF-modulated read power P,. at a readout velocity
equal to the nominal recording velocity defined in byte 28 and 29 of this DI unit. The dec-
imal expression of this byte is as follows:

n =100 x P, where P, is expressed in milliwatts.

power can be necessary to guarantee the stability of recordings on the disk.
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Byte 32: Reserved
This byte shall be set to 00h.
Bytes 33 to 41: Write-power settings
Bytes 33 to 34: Pyyp: Piyp can be used as a starting value for the determination of Py, 4 in the

OPC procedure (see Annex G).
These bytes shall specify the indicative value Pyyp of Py, g in milliwatts, as a
number n such that:

20 D
T — Z U TTND"

where bit b, of byte 33 is the MSB and bit b, of byte 34 is the LSB.

T

Byte 3 myyp: Myyp €an be used as a starting value for the determination of Py

arget in
the OPC procedure (see Annex G).

This byte shall specify the modulation at Py as determined bysthe media mgn-
ufacturer as a number n such that:

n =200 x myyp.

p: This byte shall specify the write-power multiplication factor p used in the
OPC algorithm (see Annex G) as a number n suchthat:

n=100 x p.

oY

Byte 3

Byte 3¥: £gw: This byte shall specify the write-bias/write-peak power ratio ez used in
the OPC algorithm (see Annex G) as a iumber n such that:

n =200 xegy-

Byte 38: £c: This byte shall specify the@ooling/write-peak power ratio . used in the
OPC algorithm (see Annex G)*as a number n such that:

n=200x &.

Byte 39: €g: This byte shallspecify the erase/write-peak power ratio €; used in the OFC
algorithm (see,Annex G) as a number n such that:

n=200 x &4,

Byte 4): Kk: Thi§ byte shall specify the target value for x used in the OPC procedure
(seeAfinex G) as a number n such that:

1520 x k.
Byte 41: This byte shall be reserved.

Byte 42: Typ write multi-pulse duration

This byte specifies the duration of the second and subsequent pulses of the
multi-pulSe train, In the extended N/Z WTIte strategy, for recording marks
(see Annex F).

The first 6 bits (bits b, to b,) of this byte shall specify the fraction of the actual
channel-bit clock period, as an unsigned binary number p, such that:

T,
p=32x ML (0<p<62).
Tw
The last 2 bits (bits by to b)) of this byte shall be reserved.

T,

Bytes 43 to 61 In these bytes, anchor position or duration time is defined for dT,, T,

op’
dT;p, T\ p, and dTg
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Bytes 43 to 47:
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Anchor position means the leading edge position of each write pulse (see Fig-
ure F.3). Regarding the duration time, anchor is specified in a similar way.

dT,

top first write-pulse start time

The first 6 bits (bits b, to b,) of these bytes specify the start time of the first
pulse, of the multi-pulse train, in the extended N/2 write strategy, for re-
cording of marks with run-lengths 2T, 3T, [4T,6T,8T], and [5T,7T,9T] with a

preceding 25T space (positive values are leading, negative values are lagging;
see Annex F).

Byte 43:

Byte 44:

Byte 45:

Byte 46:

Byte 47:

Bytes 48 t0'52:

The first-pulse start time dT,,, is expressed as a fraction of the actual rhan-
nel-bit clock period, as a signed two’s-complement binary number.d,such that:
dT,

a=32x top

(-32<a<30).
w
The last 2 bits (bits b; to by) of these bytes shall be resetved.

This byte shall specify the start time of the pulse fotrecording marks jof run-
length 2T with a succeeding 2T space, relative toythe trailing edge of the first
channel bit of the data pulse (positive values‘abe leading, negative valjes are
lagging; see Annex F).

This byte shall specify the start timef the pulse for recording marks jof run-
length 2T with a succeeding 23T space, relative to the trailing edge of fhe first
channel bit of the data pulse (positive values are leading, negative valyes are
lagging; see Annex F).

This byte shall specify the start time of the first pulse, of the multi-pulse train,
for recording marks ofFun-length 3T, relative to the trailing edge of tHe first
channel bit of the datapulse (positive values are leading, negative valjies are
lagging; see Annex.F).

This byte shall-specify the start time of the first pulse, of the multi-pulse train,
for recording marks of run-lengths [4T, 6T, 8T], relative to the trailing|edge

of the first channel bit of the data pulse (positive values are leading, n¢gative
values are lagging; see Annex F).

This byte shall specify the start time of the first pulse of the multi-pulfe train
for recording marks of run-lengths [5T, 7T, 9T], relative to the trailingledge

of the first channel bit of the data pulse (positive values are leading, ng¢gative
values are lagging; see Annex F).

Tiop first write-pulse duration

The first 7 bits (bits b, to b;) of these bytes specify the duration of the|first
pulse of the multi-pulse train, in the extended N/2 write strategy, for jecording
marks with run-lengths 2T, 3T [4T 6T, 8T] and [5T, 7T, 9T] with a prdced-

Byte 48:

ing = T space (see Annex F).

These bytes shall specify a fraction of the actual channel-bit clock period, as an
unsigned binary number b, such that:

T
h=32x P

(0<bh<92).
w
The last bit (bit b)) of these bytes shall be reserved.

This byte shall specify the duration of the pulse for recording marks of run-
length 2T with a succeeding 2T space (see Annex F).

© ISO/IEC 2020 - All rights reserved 119


https://standardsiso.com/api/?name=c9c3551736c247ae3515d278dcfab12a

ISO/IEC 30193:2020(E)

Byte 49: This byte shall specify the duration of the pulse for recording marks of run-
length 2T with a succeeding =3T space (see Annex F).

Byte 50: This byte shall specify the duration of the first pulse, of the multi-pulse train,
for recording marks of run-length 3T (see Annex F).

Byte 51: This byte shall specify the duration of the first pulse, of the multi-pulse train,
for recording marks of run-lengths [4T, 6T, 8T] (see Annex F).

Byte 52: This byte shall specify the duration of the first pulse, of the multi-pulse train,
for recording marks of run-lengths [5T, 7T, 9T] (see Annex F).

Bytes 53|to 54: dTp last write-pulse start time

The first 6 bits (bits b, to b,) of these bytes specify the start time ofithé last

pulse of the multi-pulse train, in the extended N/2 write strategy, for record-
ing marks with run-lengths [4T, 6T, 8T] and [5T, 7T, 9T] with asucceeding =5
space (positive values are leading, negative values are lagging; see Annex F).

—

The last-pulse start time dT; p is expressed as a fraction of.the actual chan-
nel-bit clock period, as a signed two’s-complement binary number ¢, such that]:

dT; p
c=32x —— (-30<c<30).
TW
The last 2 bits (bits b; to b)) of these bytesshadll be reserved.

Byte 58: This byte shall specify the start time 6fthe last pulse of the multi-pulse train
for recording marks of run-lengths [4T, 6T, 8T] relative to the leading edge of
the last channel bit of the data pulse (positive values are leading, negative val
ues are lagging; see Annex F).

Byte 5¢: This byte shall specify the-start time of the last pulse of the multi-pulse train
for recording marks of run-lengths [5T, 7T, 9T] relative to the leading edge of]
the last channel bit ofithe data pulse (positive values are leading, negative val
ues are lagging; sée Annex F).

Bytes 55|to 56: T\ p last-pulse-duration

The first @ bits (bits b, to b,) of these bytes specify the last-pulse length, of
the multi-pulse train, in the extended N/2 write strategy, for recording marks
with'run-lengths [4T,6T,8T] and [5T,7T,9T] with a succeeding 25T space
(se®Annex F).

These bytes shall specify a fraction of the actual channel-bit clock period, as dn
unsigned binary number d, such that:

Tip
d=32x — (0sd<62).
TW
The last 2 bits (bits b; to b,) of these bytes shall be reserved.

Byte 55: This byte shall specify the duration of the last pulse, of the multi-pulse train,
for recording marks of run-lengths [4T, 6T, 8T] (see Annex F).

Byte 56: This byte shall specify the duration of the last pulse, of the multi-pulse train,
for recording marks of run-lengths [5T, 7T, 9T] (see Annex F).
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Bytes 57 to 61:

ISO/IEC 30193:

dTg start time of the erase level

2020(E)

The first 7 bits (bits b, to b;) of these bytes specify the start time of the erase
level, in the extended N/2 write strategy, for recording marks with run-lengths
2T, 3T, [4T, 6T, 8T], and [5T, 7T, 9T] with a succeeding 25T space (positive val-

ues are leading, negative values are lagging; see Annex F).

The start time of the erase level dT} is expressed as a fraction of the actual chan-
nel-bit clock period, as a signed two’s-complement binary number e, such that:

dT,

279
Z

Byte 57:

Byte 58:

Byte 59:

Byte 60:

Byte 61:

Byte 62:

a /<) a 201
C— T C Oz =C =JU7J:
w

The last bit (bit b)) of these bytes shall be reserved.

This byte shall specify the start time of the erase level for regcording m

arks of

run-length 2T with a preceding 2T space, relative to the trailing edge l)f the last

channel bit of the data pulse (positive values are leadirig; negative val
lagging; see Annex F).

This byte shall specify the start time of the eraselevel for recording m
run-length 2T with a preceding 23T space, relative to the trailing edgd
last channel bit of the data pulse (positive values are leading, negative
are lagging; see Annex F).

This byte shall specify the start time of the erase level, of the multi-pu
for recording marks of run-length:3T, relative to the trailing edge of th

es are

arks of
of the
values

[se train,
e last

channel bit of the data pulse (positive values are leading, negative valjies are

lagging; see Annex F).

This byte shall specifythe start time of the erase level, of the multi-pu
for recording marks-o0frun-lengths [4T, 6T, 8T], relative to the trailing
of the last channel®it of the data pulse (positive values are leading, ne
values are lagging; see Annex F).

This byte shall specify the start time of the erase level, of the multi-pu
for recording marks of run-lengths [5T, 7T, 9T], relative to the trailing
of thelast channel bit of the data pulse (positive values are leading, ne
values are lagging; see Annex F).

Reserved
This byte shall be set to 00h.

[se train,
edge
gative

[se train,
edge
gative
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Bytes 63 to 93 In these bytes, A is defined as the offset from the anchor position or duration

time which is specified from bytes 43 to 61.

Offset means the time difference from the Anchor position. Regarding the dura-
tion time, Offset is specified in a similar way (see Figure F.3).

Bytes 63 to 70 and 71 (msb 4 bits): AdT,, first write-pulse start time offset

Table 6 shows the dependence of the dT;,, value for each mark that is going to be written, on t
preceding and succeeding spaces. The'area denoted by "a" accommodates the anchor values and t
ted by " f" includes the offset values as follows:

area deng

Jj

See E.3.

These bytes specify the leading edge offset of the first pulse of the multi-pulse
train, in the extended N/2 write strategy, for recording marks with run-

(see Annex F).

The first-pulse start time offset AdT,,, is expressed as a fraction of the-actyi-
al channel bit clock period, as a signed two’s-complement binary fitymber f,
such that:

Athop
f=32x T (=32 < f< 30). for byte 63 and 64;
w

Athop
f=32x T (-8 < f< 7). for byte 65 to 70 and 71 (msb 4 bits).
w

Table 6 — Dependence of the dT;,, value fer each mark

Mark 2M

Succeeding space 3M 4,6,8M 5,7.9M
2S >3S

Preceding space
2S
3S f

>5S a

=3l=3
(¢)

The area with this-pattern includes the offset values, which are represented by " f".

n_n

The area with-this pattern includes the anchor values, which are represented by "a".
The value~iZ f+ a " shall satisfy =28 < i < 30.
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Byte 63:

Byte 64:

Byte 65:

Byte 66:

Byte 67:

Byte 68:

ISO/IEC 30193:2020(E)

The first 6 bits (bits b, to b,) of this byte shall specify the start time offset of the
pulse for recording marks of run-length 2T with a preceding 2T space and a suc-
ceeding 2T space. In case this byte applies, the anchor position is specified in byte 43
(dTiop for a 2T mark with a preceding 25T space and a succeeding 2T space).

The last 2 bits (bits by to by) of this byte shall be reserved.

The first 6 bits (bits b, to b,) of this byte shall specify the start-time offset of the
pulse for recording marks of run-length 2T with a preceding 2T space and a succeed-
ing 23T space. In case this byte applies, the anchor position is specified in byte 44

a1 OT 9 21 NTAarK WitlTa preceding =51 SPace alld a SUCCEediNg =31 Space

reced-

The first 4 bits (bits b, to b,) of this byte shall'specify the start-time offset o
pulse of the multi-pulse train for recording marks of run-lengths [5T, 7T, 9T| with
a preceding 2T space. In case these bits (bits b, to b,) apply, the anchor posifion is
specified in byte 47 (dT;,, for a [ST, 7T, 9T] mark with a preceding 25T spacg).

The last 4 bits (bits b to b)) of this byte shall specify the start-time offset of the pulse
for recording marks of run-length 2T with a preceding 3T space and a succeeding a 2T
space. In case these bits (bitsb; to by) apply, the anchor position is specified |n byte 43
(dT,p for a 2T mark with(a preceding 25T space and a succeeding 2T space).

The first 4 bits (bitsbs to b,) of this byte shall specify the start-time offset of|the pulse
for recording matks of run-length 2T with a preceding 3T space and a succeeding 23T
space. In casethese bits (bits b, to b,) apply, the anchor position is specified in byte 44
(dT,p for a2T'mark with a preceding 25T space and a succeeding 23T space)

The last'4.bits (bits b; to b)) of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse train, for recording marks of run-length 3T with a greced-
ing.3T space. In case these bits (bits b; to b,) apply, the anchor position is sgecified
in-byte 45 (dT,, for a 3T mark with a preceding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset df the first
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 6T, 8T] with

a preceding 3T space. In case these bits (bits b, to b,) apply, the anchor posifion is
specified in byte 46 (dT;,, for a [4T, 6T, 8T] mark with a preceding 25T spacg).

3 0 the first
pulse, of the multi-pulse train, for recording marks of run-length [5T, 7T, 9T] with

a preceding 3T space. In case these bits (bits b; to b)) apply, the anchor position is
specified in byte 47 (dT;,, for a [ST, 7T, 9T] mark with a preceding 25T space).
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Byte 69: The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the pulse
for recording marks of run-length 2T with a preceding 4T space and a succeeding 2T
space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte 43
(dT,p for a 2T mark with a preceding 25T space and a succeeding 2T space).

The last 4 bits (bits bs to by) of this byte shall specify the start-time offset of the pulse
for recording marks of run-length 2T with a preceding 4T space and a succeeding 23T
space. In case these bits (bits b; to b)) apply, the anchor position is specified in byte
44 (dT,,, for a 2T mark with a preceding 25T space and a succeeding 23T space).

Byte 76~ Thefirst#bitsthits b, to by of thisbytesirattspecify the starttime of fsetof thie fiyst
pulse, of the multi-pulse train, for recording marks of run-length 3T with a preced-
ing 4T space. In case these bits (bits b, to b,) apply, the anchor position is spegified
in byte 45 (dT,, for a 3T mark with a preceding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset’of the fir
pulse, of the multi-pulse train, for recording marks of run-lengths [4T,6T, 8T] with
preceding 4T space. In case of these bits (bits b; to by), the anchorposition is speci-
fied in byte 46 (dT,,, for a [4T, 6T, 8T] mark with a preceding 257 space).

t

12|

j+2)

Byte 71 (msb 4 bits):

The first 4 bits (bits b, to b,) of this byte shall specify the start time offset of the fixst
pulse, of the multi-pulse train, for recording marks-of run-lengths [5T, 7T, 9T] with
a preceding 4T space. In case these bits (bits b; t&b;) apply, the anchor position is
specified in byte 47 (dTy,, for a [5T, 7T, 9T] matk with a preceding 25T space).

Bytes 71((Isb 4 bits) and 72 to 78: AT, first write-pulse,duration offset

These bytes specify the duration offsetof the first pulse, of the multi-pulse train, in|
the extended N/2 write strategy, forrecording marks with run-lengths 2T, 3T, [4T,
6T, 8T], and [5T, 7T, 9T] with a preceding 2T, 3T, or 4T space (see Annex F).

These bytes shall specify a fraction of the actual channel-bit clock period, as a signdd
two’s-complement binagy\iurmber g, such that:

AT,
g=32x —Tt(’p (~8<g<7).
w

Table”Z— Dependence of the T;,, value for each mark

Mark 2M

Succeeding space 3M 4,6,8M 5,7.9M
2S >3S

Preceding space
2S
3S g

>5S b

Table 7 shows the dependence of the T, value for each mark that is going to be written, on the preceding
and succeeding spaces. The area denoted by "b" accommodates the anchor values and the area denoted

by "g" includes the offset values as follows:

g The area with this pattern includes the offset values, which are represented by "g".

b The area with this pattern includes the anchor values, which are represented by "b".
The value "j =g + b" shall satisfy 0 <j < 92.

See F.3.
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Byte 71 (Isb 4 bits):

The last 4 bits (bits b; to byy) of this byte shall specify the duration offset of the
pulse for recording marks of run-length 2T with a preceding 2T space and a suc-
ceeding 2T space (see Annex F). In case these bits (bits b; to b) apply, the anchor
duration time is specified in byte 48 (T;,, for a 2T mark with a preceding 25T
space and a succeeding 2T space).

Byte 72: The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the
pulse for recording marks of run-length 2T with a preceding 2T space and a suc-
ceeding 23T space (see Annex F). In case these bits (bits b, to b,) apply;the anchor
duration time is specified in byte 49 (T, , for a 2T mark with a precedipg p5T
space and a succeeding 23T space).

The last 4 bits (bits bs to by) of this byte shall specify the durationoffset df the first
pulse, of the multi-pulse train, for recording marks of run-length 3T with § preced-
ing 2T space (see Annex F). In case these bits (bits b; to b,) @apply, the anchor dura-
tion time is specified in byte 50 (T;,, for a 3T mark with'a preceding 25T gpace).

Byte 73: The first 4 bits (bits b, to b,) of this byte shall spe(ify the duration offset pf the
first pulse, of the multi-pulse train, for recording-marks of run-lengths [4T, 6T, 8T]
with a preceding 2T space (see Annex F). In caSe these bits (bits b, to b,) ppply,
the anchor duration time is specified in byfe 51 (T, for a [4T, 6T, 8T] magk with a
preceding 25T space).

The last 4 bits (bits b; to by) of this byte shall specify the duration offset ¢f the
first pulse, of the multi-pulse trainjyfer recording of marks of run-lengths [5T,
7T, 9T] with a preceding 2T spacde/(see Annex F). In case these bits (bits b to by)
apply, the anchor duration time'is specified in byte 52 (T, for [ST, 7T, 9T|| mark
with a preceding 25T space):

Byte 74: The first 4 bits (bits beto b,) of this byte shall specify the duration offset pf the
pulse for recordingmarks of run-length 2T with a preceding 3T space and a suc-
ceeding 2T space{see Annex F). In case these bits (bits b, to b,) apply, th¢ anchor
duration time'is’specified in byte 48 (Tiop for a 2T mark with a preceding p5T
space and a.succeeding 2T space).

The last 4)bits (bits b; to by) of this byte shall specify the duration offset ¢f the
pulse'for recording marks of run-length 2T with a preceding 3T space and a suc-
ceeding 23T space (see Annex F). In case these bits (bits b; to b,) apply, the anchor
duration time is specified in byte 49 (T, for a 2T mark with a preceding p5T
space and a succeeding 23T space).

Byte 75: The first 4 bits (bits b, to b,) of this byte shall specify the duration offset df the first
pulse, of the multi-pulse train, for recording marks of run-length 3T with g preced-
ing 3T space (see Annex F). In case these bits (bits b, to b,) apply, the anchpr dura-
tion time is specified in byte 50 (T, for a 3T mark with a preceding 25T space).

Tie 1ast 4 bits (DIts b3 to D,J of this byte shall specily the duration offset of the
first pulse of the multi-pulse train for recording marks of run-lengths [4T, 6T, 8T]
with a preceding 3T space (see Annex F). In case these bits (bits b; to b)) apply,
the anchor duration time is specified in byte 51 (T, for a [4T, 6T, 8T] mark with a
preceding 25T space).
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Byte 76:

Byte 7

Byte 7

Bytes 79

126

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the
first pulse, of the multi-pulse train, for recording marks of run-lengths [5T, 7T,
9T] with a preceding 3T space (see Annex F). In case of these bits (bits b to by),
the anchor duration time is specified in byte 52 (T, for [ST, 7T, 9T] mark with a
preceding >5T space).

The last 4 bits (bits b; to byy) of this byte shall specify the duration offset of the
pulse for recording marks of run-length 2T with a preceding 4T space and a suc-

ceeding 2T space (see Annex F). In case these bits (bits b; to by) apply, the anchor

duration time is specified in byte 48 (T, for a 2T mark with a preceding 25T

to 81:

Space and a succeeding 2T space].

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset pfithe
pulse for recording marks of run-length 2T with a preceding 4T space and &’suc-
ceeding 23T space (see Annex F). In case these bits (bits b, to b,) apply/the anch
duration time is specified in byte 49 (T, for a 2T mark with a preceding 25T
space and a succeeding 23T space).

The last 4 bits (bits bs to by) of this byte shall specify the duration offset of the fi
pulse, of the multi-pulse train, for recording marks of rundength 3T with a prece
ing 4T space (see Annex F). In case these bits (bits b; to bg)apply, the anchor dur3
tion time is specified in byte 50 (T;,, for a 3T mark with'a preceding 25T space).

The first 4 bits (bits b, to b,) of this byte shall spegify the duration offset of the

first pulse, of the multi-pulse train, for recordinig'marks of run-lengths [4T, 6T, 8T

with a preceding 4T space (see Annex F). Ini¢ase these bits (bits b, to b,) apply,
the anchor duration time is specified in byte 51 (Ti,, for a [4T, 6T, 8T] mark with
preceding =5T space).

The last 4 bits (bits b; to b)) of thisbyte shall specify the duration offset of the
first pulse of the multi-pulse trainfor recording marks of run-lengths [5T, 7T, 9T
with a preceding 4T space (see Annex F). In case these bits (bits b to b,) apply,
the anchor duration time is specified in byte 52 (T, for a [5T, 7T, 9T] mark with
preceding =5T space).

AdT, p last pulse start time offset

These bytes specify the start-time offset of the last pulse of the multi-pulse train
in the N/2 wfiteg strategy, for recording marks with run-lengths [4T, 6T, 8T] and
[5T, 7T, 9TTwith a succeeding 2T, 3T, or 4T space (see Annex F).

The lastptlse start time offset AdT| p is expressed as a fraction of the actual chay
nel-bit-clock period, as a signed two’s-complement binary number h, such that:

AdT,
h=32x —— (-8<h<7).
Ty

Table 8 — Dependence of the dT;, value for each mark

st
-
l-

Mark

- 4,6,8M 5,79M
Succeeding space

28

3S h

>5S c

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=c9c3551736c247ae3515d278dcfab12a

ISO/IEC 30193:2020(E)

Table 8 shows the dependence of the dT|p value for each mark that is going to be written, on the

preceding and succeeding spaces. The area denoted by "c" accommodates the anchor values and the
area denoted by "h" includes the offset values as follows.

h The area with this pattern includes the offset values, which are represented by "h".

The area with this pattern includes the anchor values, which are represented by "c". The
value "r = h + ¢" shall satisfy -30 < r < 30.

See F.3.

Byte 79: The first 4 bits (bits b, to b,) of this byte specify the start-time offset of the\last
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 61,8T|] with
a succeeding 2T space. In case these bits (bits b, to b,) apply, the anchor position is
specified in byte 53 (dTp for a [4T, 6T, 8T] mark with a succeeding,25T spacp).

The last 4 bits (bits b; to by) of this byte shall specify the startitime offset offthe last
pulse, of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 97|] with
a succeeding 2T space. In case these bits (bits b; to b) apply, the anchor posjtion is
specified in byte 54 (dTp for a [5T, 7T, 9T] mark with.a\succeeding 25T space).

Byte 80: The first 4 bits (bits b, to b,) of this byte shall spetify the start-time offset of the last
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 6T, 8T]] with
a succeeding 3T space. In case these bits (bitsb, to b,) apply, the anchor position is
specified in byte 53 (dTp for a [4T, 6T, 8Thymark with a succeeding >5T spacg).

The last 4 bits (bits b; to by) of this bytesshall specify the start-time offset of|the last
pulse, of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T/] with
a succeeding 3T space. In case theseébits (bits b; to b)) apply, the anchor posjtion is
specified in byte 54 (dT|p for a [5T, 7T, 9T] mark with a succeeding >5T space).

Byte 81: The first 4 bits (bits b, to b,J*of this byte shall specify the start-time offset of the last
pulse of the multi-pulserain for recording marks of run-lengths [4T, 6T, 8T]|with
a succeeding 4T spacektIn case these bits (bits b, to b,) apply, the anchor posjtion is
specified in byte 53{dT) p for a [4T, 6T, 8T] mark with a succeeding >5T spacp).

The last 4 bits (bits b; to by) of this byte shall specify the start-time offset offthe last
pulse, of thetmulti-pulse train, for recording marks of run-lengths [5T, 7T, 97|] with
a succeeding 4T space. In case these bits (bits b to b,) apply, the anchor position is
specified'in byte 54 (dTp for a [5T, 7T, 9T] mark with a succeeding 25T space).

Bytes 82 to 84: AT plast-pulse duration offset

These bytes specify the duration offset for the last pulse length of the multi-pulse
train, in the extended N/2 write strategy, for recording marks with run-lengths [4T,
6T, 8T] and [5T, 7T, 9T] with a succeeding 2T, 3T, or 4T space (see Annex F).

These bytes shall specify a fraction of the actual channel-bit clock period, asja signed
two’s-complement binary number v, such that:

AT,
v=32x — (8<v<7).
TW
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Table 9 — Dependence of the T, , value for each mark

Mark
Succeeding space
2S

35 v

4,6,8M 5,7.9M

This tabl
preceding
area denc

See E.3.

25S d

e shows the dependence of the T;p value for each mark that is going to be written, on t
b and succeeding spaces. The area denoted by "d" accommodates the anchor values and t

ted by "v" includes the offset values as follows:

The area with this pattern includes the offset values, which are represefited by

V.

The area with this pattern includes the anchor values, which are représénted by "d". The]

value "s = v + d" shall satisfy 0 < s < 62.

he
he
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Byte 82: The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the last pulse,
of the multi-pulse train, for recording marks of run-lengths [4T,6T,8T] with a succeeding
2T space (see Annex F). In case these bits (bits b, to b,) apply, the anchor duration time is
specified in byte 55 (T p for a [4T, 6T, 8T] mark with a succeeding >5T space).

The last 4 bits (bits b; to b)) of this byte shall specify the duration offset of the last pulse,
of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] with a succeed-
ing 2T space (see Annex F). In case these bits (bits b; to b)) apply, the anchor duration
time is specified in byte 56 (T p for a [5T, 7T, 9T] mark with a succeeding >5T space).

7 4
of the multi-pulse train for recording marks of run-lengths [4T, 6T, 8T] with-as
3T space (see Annex F). In case these bits (bits b, to b,) apply, the anchorduratjon time
is specified in byte 55 (T} p for a [4T, 6T, 8T] mark with a succeeding 25T space)

The last 4 bits (bits b; to b)) of this byte shall specify the duration 6ffset of the last pulse
of the multi-pulse train for recording marks of run-lengths [5T, Z-9T] with a sficceed-
ing 3T space (see Annex F). In case these bits (bits b; to b)) apply, the anchor dyration
time is specified in byte 56 (T p for a [5T, 7T, 9T] mark with@succeeding >5T space).

Byte 84: The first 4 bits (bits b, to b,) of this byte shall specify the-duration offset of the Jast pulse,
of the multi-pulse train, for recording marks of run4engths [4T, 6T, 8T] with a sficceeding
4T space (see Annex F). In case these bits (bits by to-b,) apply, the anchor duratipn time is
specified in byte 55 (T p for a [4T, 6T, 8T] markwith a succeeding >5T space).

The last 4 bits (bits bs to b) of this byte shall specify the duration offset of the Jast pulse,
of the multi-pulse train, for recording matks of run-lengths [5T, 7T, 9T] with a qucceed-
ing 4T space (see Annex F). In case these bits (bits b; to by) apply, the anchor dyration
time is specified in byte 56 (T p fora.[5T, 7T, 9T] mark with a succeeding >5T space).

Bytes 85 to 92 and 93 (msb, 4 bits): AdTy start time offset of the erase level

These bytes specify the start-time offset of the erase level, in the extended N/P write
strategy for recordingimarks with run-lengths 2T, 3T, 4T, and 25T with a succged-
ing 2T, 3T, or 4T space (positive values are leading, negative values are lagging;
see Annex F).

The start time'offset of the erase level AdTy is expressed as a fraction of the adtual
channel-bit ¢clock period, as a signed two’s-complement binary number w, suclf that:

AdTg
W=32 x (-24 < w < 15) forByte 85 and 86;

w

AdT,
w=32x T E (-8 =w < 7) forByte 87 to 92 and 93 (msb 4 bits).

w

Table 10 — Dependence of the dTg value for each mark

Mark ZM

Preceding space 3M 4,6,8M 5,7.9M
2S >3S

Succeeding space
28
3S w

>5S e
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Table 10 shows the dependence of the dT value for each mark that is going to be written on the

preceding and succeeding spaces. The area denoted by "e" accommodates the anchor values and the
area denoted by "w" includes the offset values as follows:

w  The area with this pattern includes the offset values, which are represented by "w".

The area with this pattern includes the anchor values, which are represented by "e". The
value "u = w + " shall satisfy -62 < u < 30.

See F.3.

The first 6 bits (bits b, to b,) of this byte shall specify the start-time offsef
of the erase level for recording marks of run-length 2T with a succeeding 2T
space and a preceding 2T space. In case this byte applies, the anchor positio
is specified in byte 57 (dT for a 2T mark with a preceding 2T space and a
succeeding 25T space).

The last 2 bits (bits b; to b) of this byte shall be reserved.

VT

Byte 8

oY

Byte 8 The first 6 bits (bits b; to b,) of this byte shall specify the'start-time offset

of the erase level for recording marks of run-length 2T with a succeeding 2T
space and a preceding 23T space. In case this byte‘applies, the anchor positign
is specified in byte 58 (dTy for a 2T mark with appreceding 23T space and a

succeeding 25T space).

The last 2 bits (bits b; to by) of this byte shall be reserved.

Byte 8¥: The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of
the erase level of the multi-pulse train for recording of marks of run-length
3T with a succeeding 2T space. In‘case of these bits (bits b; to b,), the anchoy
position is specified in byte 59{dT for 3T mark with a succeeding 25T spacg

The last 4 bits (bits b; to b,) of this byte shall specify the start-time offset
of the erase level of the multi-pulse train for recording marks of run-lengths
[4T, 6T, 8T] with a succeeding 2T space. In case these bits (bits b; to b)) appl
the anchor positionis specified in byte 60 (dTy for a [4T, 6T, 8T] mark with a
succeeding 25T*space).

L

N

Byte 88: The first 4\bits (bits b, to b,) of this byte shall specify the start-time offset of
the eraselevel of the multi-pulse train for recording marks of run-length [57
7T, 9T with a succeeding 2T space. In case these bits (bits b, to b,) apply,
theanchor position is specified in byte 61 (dTg for a [5T, 7T, 9T] mark with a
succeeding 25T space).

The last 4 bits (bits b; to b;y) of this byte shall specify the start-time offset
of the erase level for recording marks of run-length 2T with a succeeding 3T
space and a preceding 2T space. In case these bits (bits bs to b,) apply, the
anchor position is specified in byte 57 (dT for a 2T mark with a preceding 2
space and a succeeding >5T space).

=

Byte 89: The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset
of the erase level for recording marks of run-length 2T with a succeeding 3T
space and a preceding 23T space. In case these bits (bits b, to b,) apply, the
anchor position is specified in byte 58 (dT} for a 2T mark with a succeed-
ing 25T space and a preceding 23T space).

The last 4 bits (bits b; to by) of this byte shall specify the start-time offset of
the erase level, of the multi-pulse train, for recording marks of run-length 3T
with a succeeding 3T space. In case these bits (bits bs to b,) apply, the anchor
position is specified in byte 59 (dT for a 3T mark with a succeeding 25T space).
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The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of
the erase level, of the multi-pulse train, for recording marks of run-lengths
[4T, 6T, 8T] with a succeeding 3T space. In case these bits (bits b, to b,) apply,
the anchor position is specified in byte 60 (dTy for a [4T, 6T, 8T] mark with a
succeeding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset of
the erase level, of the multi-pulse train, for recording marks of run-lengths
[ST, 7T, 9T] with a succeeding 3T space. In case of these bits (bits bs to b)
the anchor position is specified in byte 61 (dTg for a [ST, 7T, 9T] mark with a

Byte 91:

Byte 92:

Byte 93 (msb, 4 bits):

Byte 93 (Isb, 4 bits):

Bytes 94 to 99:

succeeding =5T space]).

The first 4 bits (bits b, to b,) of this byte shall specify the stargtinie ¢ffset

of the erase level for recording marks of run-length 2T withassucceeding 4T
space and a preceding 2T space. In case these bits (bits b, té)b,) apply, the an-
chor position is specified in byte 57 (dTg, for a 2T mark with a succeeding >5T
space and a preceding 2T space).

The last 4 bits (bits b; to b)) of this byte shall speeify the start-time dffset of
the erase level for recording of marks of run-length 2T with a succeeding 4T
and a preceding 23T space. In case these bit§{bits b to b) apply, thelanchor
position is specified in byte 58 (dT for a 2T mark with a preceding 23T space
and a succeeding =5T space).

The first 4 bits (bits b, to b,) of thisbyte shall specify the start-time offset of
the erase level of the multi-pulsetrain for recording marks of run-length 3T
with a succeeding 4T space. In"ease these bits (bits b, to b,) apply, the anchor
position is specified in byte-59 (dT for a 3T mark with a succeeding 2pT space).

The last 4 bits (bits b; te'b,) of this byte shall specify the start-time offset

of the erase level of thé’/multi-pulse train for recording marks of run-lengths
[4T, 6T, 8T] with a-succeeding 4T space. In case these bits (bits b; to }j,) apply,
the anchor positien is specified in byte 60 (dTy for a [4T, 6T, 8T] marq with a
succeeding 25T space).

Thé first 4 bits (bits b, to b,) of this byte shall specify the start-time (Lffset
of.the erase level of the multi-pulse train for recording marks of run-lengths
[ST, 7T, 9T] with a succeeding 4T space. In case these bits (bits b, to h,) apply,
the anchor position is specified in byte 61 (dTg for a [ST, 7T, 9T] marK with a
succeeding 25T space).

Reserved
These bits shall be set to 0000.

Reserved
These bytes shall be set to 00h.

Bytes 100 to 111:

DI unit footer
See 15.8.3.2.

15.8.3.5 Definitions for DI format 6 (Extended N-1 write strategy and higher reading velocity)

DI format 6 shall be used only with DI format 4. The content of the body of DI units according to DI
format 6 shall be as depicted in Figure 81.
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Byte number Content Number of bytes
0to7 DI-unit header 8
8to 10 BD layer-type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-pull polarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BEAdescriptor t
17 Read transfer rate corresponding to higher reading 1
velocity
18 Reserved 1
19 to 26 Data-zone allocation 8
27 Reserved 1
28to 29 Recording velocities 2
30 Maximum dc read power at the read transfer rate 1
corresponding to higher reading velocity
31 Maximum HF-modulated read power at the read transfet 1
rate corresponding to higher reading velocity
32 Reserved 1
33to41 Write-power settings 9
42 Twp write multi-pulse duration 1
43 to47 dTiop first write-pulse start time 5
48 to 52 Tiop first write-pulse duration 5
53to 55 dTip last write-pulse start time 3
56 to 58 Tip last-pulse duration 3
59 to 63 dTg start time of the erase level 5
64 Reserved 1
65to|72and 73 | AdTwyp first write-pulse start time offset 8,5
(mgb 4bits)
73 (Isb 4bits) | ATiwp first write-pulse-duration offset 7,5
and|74 to 80
81to[84 and 85 | AdTip last-pulse'start time offset 4,5
(mgb 4bits)
85 (Isb 4bits) | ATiplast‘pulse duration offset 4,5
and|86 to 89
90 toP7 and 98 | AdTg-start time offset of the erase level 8,5
(mgb 4bits)
98 (Isb 4bits),~|(Reserved 0,5
99 Reserved 1
100 tod kI DI unit footer 12

Figure 81 — Content of disk information for DI format 6
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Bytes 0 to 1, 3 to 16, 18 Each of these bytes shall be set to the same value as that of DI format 4 of

to 29,32 to 111:

Byte 2:

Byte 17:

this document.

DI format number

This byte shall be set to 06h, identifying a DI unit according to the descrip-
tion in this 15.8.3.5.

Read transfer rate corresponding to higher reading velocity

This byte specifies the data transfer rate to define higher velocity for read-

Byte 30:

Byte 31:

ing than the nominal recording velocity, as a number n such that
n = data transfer rate in M bit/s (n < 255: M = 10°);

In this document, n shall be set to 90h and referred as 4x reference [velocity
in read stability (see 30.7).

Maximum dc read power at the read transfer rate-corresponding to
higher reading velocity

The maximum read power is defined as the maximum optical powdr to
which this DI unit applies on the entrance'surface of the disk, at whjich at
least 106 successive reads can be applied without degrading the redorded
signals (see 30.7). Maximum read pewers in this clause shall be greater than
or equal to the read powers defined)in 30.7. By default, the powers dlefined in
30.7 shall be used. This byte shall specify the maximum dc read poyer P, at
the read transfer rate corresponding to higher reading velocity. Th¢ decimal
expression of this byte is:

n =100 x P, where P, is‘éxpressed in milliwatts.

NOTE For reading at lower velocities than the reading velocity specified

in this DI unit, a reduction of the read power can be necessary to gyarantee
stability of theé«recordings on the disk. Read power at intermediate felocity
can be obtaified with linear interpolation.

Maximum HF modulated read powers at the read transfer rate|corre-
spoending to higher reading velocity

The maximum read power is defined as the maximum optical powdr to
which this DI unit applies on the entrance surface of the disk, at whijich at
least 10° successive reads can be applied without degrading the redorded
signals (see 30.7). Maximum read powers in this clause shall be grefater than
or equal to the read powers defined in 30.7. By default, the powers glefined in
30.7 shall be used. This byte shall specify the maximum HF modulafted read
power P, at the read transfer rate corresponding to higher reading pelocity.

The decimal expression of this byte is:

n =100 x P, where P, is expressed in milliwatts.

NOTE For reading at lower velocities than the reading velocity specified
in this DI unit, a reduction of the read power can be necessary to guarantee
stability of the recordings on the disk. Read power at intermediate velocity
can be obtained with linear interpolation.

15.8.3.6 Definitions for DI format 7 (Extended N/2 write strategy and higher reading velocity)

DI format 7 shall be used only with DI format 5. The contents of the body of DI units according to DI
format 7 shall be as depicted in Figure 82.
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Byte number Content Number of
bytes
Oto7 DI-Unit header 8
8to 10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded mark polarity flag bits 1
6 BC€Adescriptor T
17 Read transfer rate corresponding to higher Reading Velocity 1
18 Reserved 1
19]to 26 Data-Zone allocation 8
27 Reserved 1
28|to 29 Recording Velocity 2
30 Maximum dc read power at the read transfer rate corresponding 1
to higher Reading Velocity
31 Maximum HF-modulated read power at the read transfer rate 1
corresponding to higher Reading Velocity
32 Reserved 1
33[to 41 Write-power settings 9
42 Twmp write multi-pulse duration 1
43|to 47 dTiop first write-pulse start time 5
48|to 52 Tiop first write-pulse duration 5
53|to 54 dTyp last write-pulse start time 2
55]to 56 Tip last-pulse duration 2
57]to 61 dTg start time of erase level 5
62 Reserved 1
63 to 40 and 71 | AdT,p first write-pulse start time offset 8,5
(msh 4 bits)
71 (Isp 4 bits) | ATy first write-pulse duration offset 7,5
and 72 to 78
79|to 81 AdTip last-pulse_start time offset 3
82(to 84 ATyp last-puls€ duration offset 3
85 to 92 and 93 | AdTk start time offset of the erase level 8,5
(msh 4 bits)
93 (Isb 4 bits ) | Reserved 0,5
94to 99 Reserved 6
100jto 111 BJUnit footer 12

Figure 82 — Content of disk information for DI format 7
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Bytes 0 to 1, 3 to 16, 18 Each of these bytes shall be set to the same value as that of DI format 5 of

to 29,32 to 111:

Byte 2:

Byte 17:

this document.

DI format number

This byte shall be set to 07h, identifying a DI unit according to the descrip-
tion in this 15.8.3.6.

Read transfer rate corresponding to higher reading velocity

This byte specifies the data transfer rate to define higher velocity for read-

Byte 30:

Byte 31:

ing than the nominal recording velocity, as a number n such that;
n = data transfer rate in M bit/s (n < 255: M = 109).

In this document, n shall be set to 90h and referred as 4x reference [velocity
in read stability (see 30.7).

Maximum dc read power at the read transfer rate-corresponding to
higher reading velocity

The maximum read power is defined as the maximum optical powdr to
which this DI unit applies on the entrance'surface of the disk, at whjich at
least 106 successive reads can be applied without degrading the redorded
signals (see 30.7). Maximum read pewers in this clause shall be greater than
or equal to the read powers defined)in 30.7. By default, the powers dlefined in
30.7 shall be used. This byte shall specify the maximum dc read poyer P, at
the read transfer rate corresponding to higher reading velocity. Th¢ decimal
expression of this byte is:

n =100 x P, where P, is‘éxpressed in milliwatts.

NOTE For reading at lower velocities than the reading velocity specified

in this DI unit, a reduction of the read power can be necessary to gyarantee
stability of theé«recordings on the disk. Read power at intermediate felocity
can be obtaified with linear interpolation.

Maximum HF modulated read powers at the read transfer rate|corre-
spoending to higher reading velocity

The maximum read power is defined as the maximum optical powdr to
which this DI unit applies on the entrance surface of the disk, at whijich at
least 10° successive reads can be applied without degrading the redorded
signals (see 30.7). Maximum read powers in this clause shall be grefater than
or equal to the read powers defined in 30.7. By default, the powers glefined in
30.7 shall be used. This byte shall specify the maximum HF modulafted read
power P, at the read transfer rate corresponding to higher reading pelocity.

The decimal expression of this byte is:

n =100 x P, where P, is expressed in milliwatts.

NOTE For reading at lower velocities than the reading velocity specified
in this DI unit, a reduction of the read power can be necessary to guarantee
stability of the recordings on the disk. Read power at intermediate velocity
can be obtained with linear interpolation.

15.8.3.7 Write-strategy requirements

Disks according to this document shall contain at least one DI unit of DI format 4 or DI format 5 for
each recording layer as depicted in Figure 83. Additional DI units, containing alternative write strategy
parameter sets, may be added in order of preference. See Figure 77.
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DI Unit according to DI Unit according to
15833 15834
(DI Format 4, (DI Format 5,
Extended N-1 write Extended N/2 write
strategy) strategy)
for 2x Recording Velocity Optional? Optional?
a Atleast one of these two shall be present.

Furtherm

reading velocity, may be added (see Figure 84) in order of preference. See Figure 77.

15.8.3.8

By using the concept of multiple DI units, identified by their DI-format number (byte 2), the BD systg

facilitates

layers, while keeping backwardscompatibility in the best possible way.

Generally
parametg

Additiong
Byte 3 sh
Byte 5 sh

Figure 83 — Write-strategy type (DI format 4 and 5) requirements

ore, DI units of DI format 6 and DI format 7 containing read power parameters-for high

DI Unit according to DI Unit according to
15.8.3.5 15.8.3.6
(DI Format 6, (DI Format 7,
Extended N-1 write ExtendedN/2 write
strategy and higher strategy and higher
Reading Velocity) Reading Velocity)
for 4x Reading Velocity Optionala Optional®

a Applicable only when DI format 4 is present
b Applicable only when DI format 5 is present

Figure 84 — Write-strategy type (PI format 6 and 7) requirements

Usage of DI units
the (future) use of disks fordifferent recording velocities and with three or more recordi

each different recerding velocity can need a different write strategy (different set
rs), which write strategy furthermore can depend on the applied technology.

lly, each recording layer can a different set of values for the write strategy parameters.
hll be set\according to the specifications in 15.8.3.2.

hl] be'ised according to the description in 15.8.3.2.

of

In this d

1 ; 20 120 - Nl s — FaValil nlat R : 1 ; . 1 1
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18

velocity of 7,38 m/s (33,4 GB per layer) for defining various parameters for 2x recording velocity,
and byte 17 in DI units of DI format 6 and DI format 7 is set to 90 h to indicate a data transfer rate of
143,860 Mbit/s for defining the read power parameters for 4x reading velocity.

An example of those assignments is shown in Figure 85.
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byte 2: DI-Format Number 4
byte 3: # of DI's/L# 6/0
byte 4: --- 00h
byte 5: sequence # 0
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 98:WS EX_N-1
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 6/0
byte 4: --- 00h
byte 5: sequence # 1
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 93:WS EX _N/2
byte 2: DI-Format Number 4
byte 3: # of DI's/L# 6/1
byte 4: --- 00h
byte 5: sequence # 2
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 to 98:WS EX N-1
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 6/1
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 28 to 29: Vélocity 2x
byte 42 to 98:WS EX_N/2
byte 2:DI-Format Number 4
byte'3+/# of DI's/L# 6/2
byte'4: --- 00h
byte 5: sequence # 4
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 98:WS EX N-1
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 6/2
byte 4: --- 00h
byte 5: sequence # 5
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 93:WS EX N/2

Repeat

Figure 85 — Example of DI sequence for 2x disk (TL) with 6 DI units of DI format 4 and 5
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byte 2: DI-Format Number 4
byte 3: # of DI's/L# 12/0
byte 4: --- 00h
byte 5: sequence # 0
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 98:WS EX N-1
byte 2 DFFormmat Number 5
byte 3: # of DI's/L# 12/0
byte 4: --- 00h
byte 5: sequence # 1
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 93:WS EX N/2
byte 2: DI-Format Number 4
byte 3: # of DI's/L# 12/1
byte 4: --- 00h
byte 5: sequence # 2
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 98:WS EX N-1
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 12/1
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 28 to 29: Velacity 2x
byte 42 to 93:WS EX N/2
byte 2:DI-Format Number 4
byte3: # of DI's/L# 12/2
byte 4: --- 00h
byte 5: sequence # 4
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 98:WS EX N-1

Figure 86 — Example of DI sequence for 2x disk (TL) with 12 DI units of DI format 4,5,6 and 7
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byte 2: DI-Format Number 5
byte 3: # of DI's/L# 12/2
byte 4: --- 00h
byte 5: sequence # 5
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 93:WS EX N/2
byte 2: DI-Format Number 6
byte 3: # of DI's/L# 12/0
byte 4: --- 00h
byte 5: sequence # 6
msb of byte 6: 0
byte 17: Read transfer rate ix
(Reading Velocity)

byte 28 to 29: Recording Velocity %
Ef)’tvieso to 31: Maximum read Maximum read power @byte 17
byte 42 to 98:WS EX.N-1
byte 2: DI-Format Number 7
byte 3: # of DI's/L# 12/0
byte 4: --- 00h
byte 5: sequence # 7
msb of byte 6: 0
byte 17: Read transfer rate ix
(Reading Velocity)

byte 28 to 29: Recording Velocity %
Eztvierso te 8% Maximum read Maximum read power @byte 17
byted?2\to 93:WS EX N/2
byte 2: DI-Format Number 6
byte 3: # of DI's/L# 12/1
byte 4: --- 00h
byte 5: sequence # 8
msb of byte 6: 0
byte 17: Read transfer rate 4x
(Reading Velocity)

byte 28 to 29: Recording Velocity o
Ezt\f/ergo to 31: Maximum read Maximum read power @byte 17
byte 42 to 98:WS EX N-1

(2 of 3)
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Figure 86 — Example of DI sequence for 2x disk (TL) with 12 DI units of DI format 4,5,6 and 7
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byte 2: DI-Format Number 7
byte 3: # of DI's/L# 12/1
byte 4: --- 00h
byte 5: sequence # 9
msb of byte 6: 0
byte 17: Read transfer rate ax
(Reading Velocity)
byte 28 to 29: Recording Velocity %
lp))ﬁtviergo to 31: Maximum read Maximum read power @byte 17
byte 42 to 93:WS EX N/2
byte 2: DI-Format Number 6
byte 3: # of DI's/L# 12/2
byte 4: --- 00h
byte 5: sequence # 10
msb of byte 6: 0
byte 17: Read transfer rate 4x
(Reading Velocity)
byte 28 to 29: Recording Velocity 2%
Ezt‘f,efo to 31: Maximum read Maximum read power @byte 17
byte 42 to 98:WS EX N-1
byte 2: DI-Format Number 7
byte 3: # of DI's/L# 12/2
byte 4: --- 00h
byte 5: sequence # 11
msb of byte 6: 0
byte 17: Read transfer rate ix
(Reading Velocity)
byte 2840.29: Velocity 2x
E}O’ff]efo to 31: Maximum read Maximum read power @byte 17
byte 42 to 93:WS EX N/2
Repeat
Figure 86— EX3 X AisSK(T
(3 of 3)

16 General description of information zone

16.1 General

The information zone, which contains all information on the disk that is relevant for data interchange,
is located in the information area extending from dq to d, (see 10.8.1 and Figure 13).
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The inner part of inner zone 0 (protection-zone 1 + PIC) shall contain HFM grooves which can hold
replicated information about the disk. The outer part of the inner zone 0, the other inner zones, data
zones and outer zones constitute the rewritable areas in which the information is recorded on the
wobbled grooves using the phase-change effect.

16.2 Format of information zone

The information zone is divided into nine parts: a Lead-in zone (part of inner zone 0), data zone 0 and
outer zone 0 on layer L0, outer zone 1, data zone 1 and inner zone 1 on layer L1, and inner zone 2, data
zone 2 and a lead-out zone on layer L2 (see Figure 87, Figure 88 and Figure 89).

D4ta zone 0, data zone 1 and data zone 2 are intended for recording user data. The lead-in Zong¢ contains
replicated and rewritable control information and an area for disk and drive testing. The’innler part of
inher zone 0, inner zone 1, inner zone 2, outer zone 0, outer zone 1 and outer zone 2@llow for|a smooth
ruln-in/run-out for their respective layers and also contain control information.

17 Layout of rewritable area of information zone

The rewritable area of the information zone is constituted from part.df the inner zones, the data zones
and the outer zones. The start radii for the zones indicated in Figure\87, Figure 88 and Figure 89 are the
ndminal values of the centre of the first/last groove track of that zone.

The physical ADIP addresses (PAA) listed are the first/last@ddress in the groove tracks of dach zone.
Alpko, the number of physical clusters (RUBs) that can be reeorded per zone are indicated.
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Nominal First PAA
Layer LO Description starting of Zone Number of
radius : 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 “wide pitch” BCA
radius Grooves
21,0 mm
Protection- 22,2 - 5
Zone 1
Embossed (First AUN = Q0
HFM 0C 04 80h. 2720
(HFM PIC 22,510 : (x4KB)
Groove) LastAUN = 00
0€'19 BEh)
Protection - 00183 38h
Zone 2 23,068 : 300
00187 E6h
00187 E8h
Buffer 23107 : 3078
0 01 B7 FEh
001 B8 00h
Lead-in INFO 2 23,468 : 256
| Zone 0 01 BB FEh
- (part of 001 BC 00h
Infofmation | Information Inner OPCO 23,498 : 2048
Area ZO|ne Zone 0) 0 01 DB FEh
! 001 DC00h
tracki Reserved 23,736 : 2 048
Qs % | Rewritable 001 FB FEh
(Wobbled 0 01 FC 00h
Grooye) INFO 1 23,971 : 256
0 01 FF FEh
24,000 002 00 00h
Data :
Zone 0 : 509 152
LAA
INFO 3/4 LAA + 2h
58,000 : 294
LAA + 4 98h
Outer LAA + 4 9Ah
Zone 0 DCZ0 58,014 : 760
LAA + 10 78h
Praotection TAA £ 107Ah
Zone 3 58,050
ending radius
58,5 mm
Rim Area starting radius 58,5 mm

Figure 87 — Layout of information zone on layer L0
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Nominal Last PAA
Description| ending of Zone Number of
Layer L1 radius : Phys.
(mm) First PAA Clusters
of Zone
ending radius “wide pitch”
21,0 mm Groove
Wobbled Protection - 22,2 2
Groove Zone 1 0 7E C5 B8h
Buffer 0 7E C5 B6h
22,510 : 1 104
0 7E 85 98h
0 7E 85 96h
OPC1 23,004 : D 048
0 7E 65\98h
Reserved 0 7E 65 96h
23,246 : | 894
Inner Zone 0 7E 48 00h
1 0 7E 47 FEh
) INFO 2 23,468 : 256
tl-'ackllng 0 7E 44 00h
direction 0 7E 43 FEh
nformation | Reserved 23,498 : 1 096
Area Information Rewritable 0 7E 04 00h
Zone (Wobbled 0 7E 03 FEh
1 Groove) INEO'1 23,971 : 256
| 0 7E 00 00h
24,000 0 7D FF FEh
Data :
Zoné-1 : 5p9 152
FAA2
FAA - 2h
INFO 3/4 58,000 : 294
FAA - 4 98h
Outer FAA - 4 9Ah
Zone 1 DCZ 1 58,014 : 760
FAA -1078h
Protection - 58,050 FAA - 10 7Ah
Zone 3 :
starting radius
58,5.mm
dFAA = LAA +.1°80 00 01h (see 15.7.4.3).
Figure 88 — Layout of information zone on layer L1
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Nominal First PAA
Description| starting of Zone Number
Layer L2 radius : of Phys.
(mm) Last PAA Clusters
of Zone
starting “wide pitch”
radius Groove
21,0 mm Wobbled Protection-| 22,2 ==
Groove Zone 1
Buffer 081 3A48h
22,510 : 200
081 3D 66h
081 3D 68h
OPC 2 22,535 : 2048
081 5D 66h
081 5D 68h
Reserved 22,782 : 1600
081 76)66h
08176 68h
INFO 2 22,973 : 256
| Inner Zone 081 7A 66h
1 2 081 7A 68h
. Reserved 23,004 : 2048
) Informatlon 081 9A 66h
Mo BT | Rewritable o8Lonesh
! Wobbled Buffer 23,246 : 6246
. (Wobble 081 FB FEh
tl.'ackling Groove) 081 FC 00h
direction INFO1 | 23,971 : -
0 81 FF FEh
24,000 08200 00h
Data :
Zone 2 : 509 152
LAA2a
58,000 LAA2 + 2h
INFO 3/4 : 294
Lead-out LAA2 + 4 98h
Zone LAA2 + 4 9Ah
(Outer DCZ 2 58,014 : 760
Zone 2) LAA2 +1078h
Protection - 58,050 LAA2 + 10 7Ah ---
Zone 3 :
endingadius
58,5 mm
Rim Ar¢a starting radius 58,5 mm |
aLAA2 F LAA %+ 080 00 Oh (see 15.7.4.3).

Physical-sector numbering

Each cluster contains 32 physical sectors, and each physical sector contains 2K data bytes. Although
these numbers are not included in the data recorded on the disk, each physical sector is associated with
a (virtual) physical-sector number (PSN).

The PSN increase by one for each successive physical sector in the tracking direction of the related

Figure 89 — Layout of information zone on layer L2

recording layer.
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The PSN of the first physical sector of each physical cluster is a multiple of 32.
Bits PS3; to PS,g of the PSN shall be reserved.

Bits PS,- to PS,z of the PSN shall be set to the layer number.

The first PSN in the data zone 0 is 00 10 00 00h.

The last PSN in the data zone 0 is 8 x LAA + 15, which is

01 08 9B FFh.
The first PSN in the data zone 1 is 8 x FAA, which is
02 F7 64 00h.
The last PSN in the data zone 1 is 03 EF FF FFh.
THhe first PSN in the data zone 2 is 04 10 00 00h.
The last PSN in the data zone 2 is 8 x LAA2 + 15, which is
05 08 9B FFh.
setto
Layer number PSN
MSB LSB
plp[F[P P P P P PP P
S S|s 3 S S S S S S| |s|s S
212|2|2 2 1 1 8 5|4 0
7 5|4 6 5
In Cluster ,
count ZERO
/—/H
Address Unit Number (AUN) i l i i
YYYVYVYY YVVY VY v YVYVYVYVVYY YVYYy
0 olojulel 18 o I8 o 0] [Bl6] | 160
3 20122 |2 2 1 1 8 7| |5|4 1]0
1 7161514 3 6 5
setto
00,01, 10
consecutively
YYVYVYY YYVYVYY vvvll
A AR R A4 AlAIA
i BB [ o L] R
Physical ADIP Address
Figure 90 — Physical ADIP addresses derived from PSNs
These PSNs are converted to address-unit numbers which shall be recorded in the BIS coly ns of the
ECC clusters (see 13.9.2.3).

Finally, a physical ADIP address is derived from the PSN/AUN as defined in Figure 90. This PAA identifies
the location on the disk where the data shall be recorded.

18 Inner zone

18.1 General

On layer L0, the innermost zone of the information zone is called the lead-in zone (part of inner zone 0).
On layer L1 and layer L2, they are called inner zone 1 and inner zone 2.
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Inner zone 0 (in its lead-in zone part) contains an embossed HFM area and a rewritable area inner zone
1 and inner zone 2 (in its lead-out zone part) contain embossed wobbled parts and rewritable areas
(see Figure 91, Figure 92 and Figure 93).

In the embossed HFM area on layer L0, all grooves shall be encoded according to the format as defined
in 15.5 and with its other subclauses.

On layer LO, this encoding shall start at a radius 22,2_%’2 mm , such that the first AUN of the first cluster
shall be 00 0B F8 E2h.

The addfesses shall be continuously increasing as described in 15.5.3.2 and shall end with
AUN = 00]0C 19 BEh in the last 4K cluster at the outermost radius of the PIC zone.

In protecfion-zone 1 of inner zone 0, the content of the data frames can be set to all 00h orthey can pe
equal to the content in the PIC zone.

Protectiop-zone 1 is intended to be a protection area against overwriting of the PIC zoneby the BCA coqle.

In the pgrmanent information and control data (PIC) zone, general informatiofn/about the disk ahd
various ofher information can be stored in the embossed HFM groove.

In the rewritable area and the wobbled grooved area (protection-zone 1«on layer L1 and layer L2), pll
grooves shall be wobbled as defined in 15.6.

The rewrjitable areas of each inner zone are used to execute OPC {optimum power control) proceduifes
and to stpre specific information about the disk, such as diskimanagement information and contyol
informatijon. Also, a zone has been reserved where drives can’store their own specific information.
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Figure 91 — Lead-in zone

Lead-in Description First PAA Number of Purpose
zone of zone Phys.clusters
Protection-
zone 1 o o o
Embossed PIC Permanent information
HFM - o & control data zone
Protection- 00183 38h 300
zone 2
Buffer 001 87 E8h 3078
Reserved 8 00T B8 00h 32 fiture extension
Reserved 7 001 B880h 32 future extensicl)n
Reserved 6 001 B9 00h 32 future extensici)n
INFO 2 Reserved 5 001 B9 80h 32 future.eXtensidn
PAC 2 001 BAOOh 32 Physical*access cqntrol
DMA 2 001 BA80h 32 Disk management
J Controldata2 | 001 BB 00h 32 data informatipn
Rewritable Buffer 2 0 01 BB 80h 32
OPC 0 Test Zone 001 BC 00h 2048 OPC testing
tracking
direction | Reserved --- 001 DC 00h 2048 future extensipn
Buffer 1 001 FCOOh 32
Drive area 001 FC80h 32 Drive-specifi¢
Reserved 3 0 01 FD 00h 32 future extensipn
INFO 1 Reserved 2 0 01 FD 80h 32 future extensitlm
Reserved 1 0 01 FEOOh 32 future extensipn
DMA 1 0 OEE 80h 32 Disk managemént
Controldatal | 001 FF 00h 32 data informatipn
PAC 1 001 FF 80h 32 Physical-access cqntrol
(Datazone 0)y| 002 00 00h
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Inner Description First PAA Number of Purpose
zone 1 of zone Phys. clusters
(Data zone 1)
PAC1 07E 00 00h 32 Physical-access control
Controldatal | 0 7E 00 80h 32 data information
DMA1 07E 01 00h 32 Disk management
INFO 1 Reserved 1 07E 01 80h 32 future extension
Reserved 2 07E 02 00h 32 future extension
Reserved 3 07E 02 80h 32 future extension
Drivearea 0 7E 0300 32 Drive-specificinformaton
j Buffer 1 0 7E 03 80h 32
Rewnitable Reserved --- 0 7E 04 00h 4096 future extension
Buffer 2 0 7E 44 00h 32
tradking Controldata2 | 0 7E 44 80h 32 data information
direttion DMA 2 0 7E 45 00h 32 Disk management
PAC 2 0 7E 45 80h 32 Physical-access control
INFO 2 Reserved 5 07E 46 00h 32 future extension
Reserved 6 0 7E 46 80h 32 future extension
Reserved 7 07E 47 00h 32 future extension
Reserved 8 0 7E 47 80h 32 future extension
Reserved 0 7E 48 00h 1894 future extension
OPC1 Test zone 0 7E 65 98h 2 048 OPC testing
Buffer 0 7E 85 98h 4104
Wohbled Protection-
gropves zone 1 LR Es

148

Figure 92 —Inner zone 1
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Figure 93 — Inner zone 2

18.2 Permanent information and control data (PIC) zone

18.2.1 General

The permanentinformation and control data (PIC) zone is an embossed HFM area with data f¢
pyrposes,.such as disk information. If no specific PIC data is supplied, all user-data byte

scrambling) shall be set to 00h.

1822 Contentof PIC zone

Inner Description First PAA Number of Purpose
zone 2 of zone Phys. clusters
Wobbled Protection- . . .
grooves zone 1
Buffer 0813A48h 200
OPC2 Test Zone 081 3D 68h 2048 OPC testing
Reserved --- 0815D 68h 1600 future extension
Reserved 8 08176 68h 32 future extension
Reserved 7 08176 E8h 32 future extension
Reserved 6 08177 68h 32 future extefision
Reserved 5 08177 E8h 32 future extension
INFO 2 Reserved 08178 68h 32 future extension
DMA 2 081 78 E8h 32 Dijsk'managemnient
Controldata2 | 08179 68h 32 data informat{on
‘L Buffer 2 08179 E8h 32
Rewritable Reserved --- 081 7A 68h 2048 future extension
gﬁ‘ggﬁ;’i Buffer 08194 68h 6 246
Buffer 1 081 FCO0O0Oh 32
Drive area 081 FC80h 32 Drive-specific infofmation
Reserved 3 081 FD 00h 32 future extensjon
Reserved 2 081 FD 80h 32 future extensilon
INFO 1 Reserved 1 0 81 EEOOh 32 future extension
DMA 1 0 81 FE 80h 32 Disk management
Controldata1 |::0:81 FF 00h 32 data informat{fon
Reserved 0 81 FF 80h 32 future extension
(Datazone:2) | 08200 00h

r various
s (before

The PIC zone shall consist of 5 repetitions of a PIC-info fragment, where each PIC-info fragment consists
of 544 PIC clusters (for a total of 2 720, see Figure 94). The PIC clusters shall be formatted as described

in 15.5.

The PIC-info fragments shall start on layer LO at AUNs: 00 0C 04 80h, 00 0C 08 COh, 00 0C 0D 00h, 00 0C
11 40h and 00 0C 15 80h.

© ISO/IEC 2020 - All rights reserved

149


https://standardsiso.com/api/?name=c9c3551736c247ae3515d278dcfab12a

ISO/IEC 30193:2020(E)

The first
in the AD
frame sh
remainin

The last §
set,see 1

PIC-Info Fragment PIC-Cluster AUN
number number on Layer LO

0 000C 04 80h
1 000C 04 82h
IFO 2 000C 04 84h
543 00 0C 08 BEh
0 000C 08 COh

IF1 : :
543 06 0COCFET
0 00 0C 0D 00h

IF 2 : :
543 000C 11 3Eh
0 000C1140h

IF 3 : :
543 000C 15 7Eh
0 000C1580h

IF 4 : :
543 00 0C 19.BEh

Figure 94 — PIC zone

All other

PIC cluster of each info fragment shall contain a copy pfthe disk-information block as contain
P aux frames (see 15.8.3 and Figure 95). Only the first 112 bytes of each disk information a
1l be included (excluding the 32 parity bytes). If\less than 32 DI units are present, then t
b bytes up to byte 3 584 shall be set to 00h.

12 bytes of the first PIC cluster of each info fragment shall contain the emergency-brake d3
B.2.3 and Figure 95.

Byte position Content Number of
in PIC Cluster bytes
0to111 DI Unit 0 112
112 t0'223 DI Unit 1 112
: : 112x28
3360to3471 DI Unit 30 112
3)472 to 3 583 Reserved 112
3584 to 4095 EB Data Set 512

Figure 95 — First PIC cluster of each info fragment

[€/clusters shall be reserved, unless otherwise specified by the BDAP,

18.2.3 Emergency brake

As a protective measure, a data set is defined that can be used by specific drive models to recognize
disks that need special handling to prevent destructive malfunction. This data is called emergency

brake (EB) data.

EB data is specified in bytes 3 584 to 4 095 of the first PIC cluster of each info fragment. It consists
of an EB header, EB-data field(s) and an EB footer. EB-data fields shall be included only after mutual
agreement between the disk manufacturer and the drive manufacturer involved, when specific drives
require special actions when handling such disks, e.g. to prevent damage to the disk or the drive. Up to
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a maximum of 62 EB-data fields may be applied. The emergency-brake data shall be implemented as

depicted in Figure 96.

Bytes 3 584 to 3 585: EB identifier

These bytes shall be set to 45 42h, representing the characters “EB”.

Byte 3 586: EB version

This byte shall be set to 01h, representing version 1 of the emergency brake format.

Byte 3 587: reserved

© ISO/IEC 2020 - All rights reserved

Byte number Function Definition Number of bytes
3584 to 3585 Identifier 2
3586 Version 1
3587 EB Ri d 1

Header eserve
3588 List length 1
3589t03591 Reserved 3
3592t03593 Drive-Manufacturer ID 2
3594 to 3595 EB Drive Model 2
3596 to 3 597 Data field 1 Firmware Version 2
3598103599 Drive Actions 2
(3584 +ix8)to(3584+ix8)+1 Drive-Manufacturer ID 2
(3584+ix8)+210(3584+ix8)+3 | Ef’? . Drive Model 2
ta
(3584+ix8)+410(3584+ix8)+5 | (1o;cp) | FirmwareVersion 2
(3584 +ix8)+6t0(3584+ix8)+7 Drive Actions 2
(3584+Nx8)to(3584+Nx8)+1 Drive-Manufacturer ID
(3584+Nx8)+2to(3584+Nx8)+3 Drive Model
EB
(3584+Nx8)+41t0(3584+Nx8)+5 | DataField N Firmware Version 2
(N<62)
(3584+Nx8)+6t0(3584+Nx8)+7 Drive Actions 2
[3584 + (N+1) x 8] EB Footer Terminator 8
to[3584 + (N+1) x 8] +7
[3584 + (N+2) x 8] to 4 095 Reserved 512-(N+2) x 8
Figure 96 — Definition of emergency-brake data
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is byte shall be set to 00h.

Byte 3 588: EB list length N

Th
Th

is byte shall represent the number of EB-data fields.
is byte shall be set to 00h when no EB-data fields are present.

Bytes 3 589 to 3 591: reserved

These bytes shall be set to 00 00 00h

Bytes (3584 +ix8)to (3584 +ix8)+1(1<i<N):drive-manufacturer ID

T
tie

Bytes (3
Th

format and the content of these 2 bytes require agreement between the interchange par-
K, else these bytes shall be set to all 00h.

584 +ix8)+2to (3584 +ix8)+3(1<isN):drive-model number

se two bytes represent the drive-model number and shall be defined bythe drive manu-

fadturer. This document does not specify the format and the content of'these bytes. It shall be

ignored in interchange.

Bytes (3

584 +ix8)+4to (3584 +ix8)+5(1<isN):drive-firmiware version

Thlese two bytes represent the drive-firmware version and'shall be defined by the drive man-

ufjcturer. This document does not specify the format and'the content of these bytes. It shall bg

ignored in interchange.

Bytes (3

584 +i x 8) + 6 to (3 584 +i x 8) + 7 (1 < i < N):'drive-manufacturer actions

ThEse two bytes represent the actions to be performed by the drive model to handle this disk.
Th

se bytes shall be defined by the drivesthanufacturer. This document does not specify the

format and the content of these bytes. It'shall be ignored in interchange.

Bytes [3

584 + (N+1) x 8] to [3 584 + (N+1) x 8] + 7 (0 < N < 62): EB terminator

These bytes shall be set to FF-FF FF FF FF FF FF FFh to indicate the end of the EB data.

Bytes [3

584 + (N+2) x 8] to 4-095 (0 < N <62): reserved

These bytes are reserved.

18.3 Rewritable aréa of inner zone(s)

18.3.1 Protection-zone 2

This zond 0£300 physical clusters starts at PAA 0 01 83 38h on layer L0 and is intended to be a buf
zone for the transition from the embossed HFM area to the rewritable area (see 15.4.4).

18.3.2 Buffer

er

This zone has 3 078 physical clusters starting at PAA 0 01 87 E8h on layer L0, 4 104 physical cluster
starting at PAA 0 7E 85 98h on layer L1, and 200 physical clusters starting at PAA 0 81 3A 48h plus
6 246 physical clusters starting at PAA 0 81 9A 68h on layer L2 and shall be left unrecorded.

18.3.3 INFO 2/Reserved 8

This zone of 32 physical clusters starting at PAA 0 01 B8 00h on layer LO, at PAA 0 7E 47 80h on layer L1
and at PAA 0 81 76 68h on layer L2 is BDAP-dependent.
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For the disks with BCA code, if this setting is not specified by the BDAP these bytes shall be left
unrecorded.

For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.4 INFO 2/Reserved 7

This zone has the size of 32 physical clusters starting at PAA 0 01 B8 80h on layer L0, at PAA 0 7E 47
00h on layer L1 and at PAA 0 81 76 E8h on layer L2 and shall be left unrecorded.

18.3.5 INFO 2/Reserved 6

This zone has the size of 32 physical clusters starting at PAA 0 01 B9 00h on layer L0 yat PAA 0 7E 46
8(h on layer L1 and at PAA 0 81 77 68h on layer L2 and is BDAP-dependent.

Fgr the disks with BCA code, if this setting is not specified by the BDAP these bytes shall be left
unjrecorded.

Far the disks without BCA code, this zone shall be recorded all 00h before Shipping.

18.3.6 INFO 2/Reserved 5

This zone has the size of 32 physical clusters starting at PAA© 01 B9 80h on layer L0, at PAA 0 7E 46
0(h on layer L1 and at PAA 0 81 77 E8h on layer L2 and is BDAP-dependent.

Fjr the disks with BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.

Fdr the disks without BCA code, this zone shall be recérded all 00h before shipping.

18.3.7 INFO 2/PAC 2

This zone of 32 physical clusters startssat’ PAA 0 01 BA 00h on layer LO and at PAA 0 7E 45 80h on
layer L1 and is intended to be used for'stering physical-access control (PAC) clusters (see 21.7). Unused
clyisters in this zone shall contain alh00h or left unrecorded.

18.3.8 INFO 2/Reserved

This zone has the size of 32 physical clusters starting at PAA 0 81 78 68h on layer L2 unrecorded.

18.3.9 INFO 2/DMA 2

This zone of 32 physical clusters starts at PAA 0 01 BA 80h on layer L0, at PAA 0 7E 45 00h on layer L1
arld at PAAQ'81 78 E8h on layer L2 and is intended for use by the disk management system (see 22.2).
Unused clusters in this zone shall contain all 00h or left unrecorded.

18.3410INFO 2 /Control data 2

This zone of 32 physical clusters starts at PAA 0 01 BB 00h on layer L0, at PAA 0 7E 44 80h on layer L1
and at PAA 0 81 79 68h on layer L2 and is intended to store control information. Unused clusters in this
zone shall contain all 00h.

18.3.11INFO 2 /Buffer 2

This zone with the size of 32 physical clusters starts at PAA 0 01 BB 80h on layer LO, at PAA 0 7E 44 00h
on layer L1 and at PAA 0 81 79 E8h on layer L2 and shall be left unrecorded.
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18.3.120PC/Test zone

The test zone of 2 048 physical clusters starts at PAA 0 01 BC 00h on layer LO, at PAA 0 7E 65 98h on
layer L1 and at PAA 0 81 3D 68h on layer L2 and is reserved for testing and/or OPC procedures. After
using any part of this area, the used tracks shall either be erased by irradiating these tracks using only
the optimum erase powers or be overwritten with clusters containing arbitrary user data using the
optimum write powers.

18.3.13Reserved

This zonq has 2 048 physical clusters starting at PAA 0 01 DC 00h on layer L0, 4 096 physical clustdrs
starting 4t PAA 0 7E 04 00h plus 1 894 physical clusters starting at PAA 0 7E 48 00h on layer I.1;aphd
1 600 physical clusters starting at PAA 0 81 5D 68h plus 2 048 physical clusters starting at PAA'0’81 A
68h on layer L2 shall be left unrecorded.

18.3.14INFO 1/Buffer 1

This zong of 32 physical clusters, which starts at PAA 0 01 FC 00h on layer L0, a*PAA 0 7E 03 80h pn
layer L1 gnd at PAA 0 81 FC 00h on layer L2 shall be left unrecorded.

18.3.15INFO 1/Drive area (optional)

18.3.15.1 General

The use df this zone of 32 physical clusters starting at PAA 0 01\FC 80h on layer L0, at PAA 0 7E 03 Oph
on layer L1 and at PAA 0 81 FC 80h on layer L2 is optional, This zone can be used by drives to stdre
drive-spdcific information, only by the drive that has credted the information. To guarantee that drives
can allocgte their own information, the following format,shall be used. These clusters in this zone shpll
be ignored in interchange.

18.3.15.2 Format of drive-specific information

Drive-spécific information shall be contained in one 2K data frame. The first 128 bytes of such a dqta
frame shall contain a signature of the drive that has created the related data frame, according to the
following|format:

— 48 byjtes for the manufacturer’s’ name, represented by characters from the ISO/IEC 646 character sgt;
— 48 bytes of additional identification, represented by characters from the ISO/IEC 646 character sgt;
— 32 byftes for a unigite serial number of the drive.

The formpt of theemaining 1 920 bytes of the data frame is not defined and can be chosen freely py
each drive designer:

Drive-spdcificinformation of the last 32 drives that have used this option shall be stored in one phy51 al
Cluster. E'\r‘“\ £ilman o vy driva e gotng 0o yazpibn dbc Ay oo fio 1vrpr\vw|r14- ion—tha oldact dxiva cnncs iC

CCIT CITIIC T IIC VvV OUT 1V C T3 SUTITS CUT VW T ITCTCS Ul v O S P CITIC T OT o T Ot t e oot s T O v e opeeT

information located in data frame 31 of the physical cluster is removed from the physical cluster, the
content of data frames 0 to 30 are moved into data frames 1 to 31 and the new information is written in
data frame 0 (see Figure 97).

For robustness reasons, the physical cluster containing the drive-specific information frames is written
on the disk twice.

Initially, the two physical clusters starting at PAA 0 01 FC 80h and 0 01 FC 84h shall be used to store
drive-specific information. When both physical clusters become unreliable, the next two physical
clusters of the drive area can be used to store the drive-specific information. For a fast and efficient
access to the drive area, the DDS in the DMA zones contain an address pointer to the first valid physical
cluster in the drive area.
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Figure 97 — Format of drive area (example)

.3.16INFO 1/Reserved 3

is zone of 32 physical clusters starting at PAA 0 01 FD 00h on layéx 10, at PAA 0 7E 02 80h o
d at PAA 0 81 FD 00h on layer L2 shall be left unrecorded.

.3.17INFO 1/Reserved 2

is zone of 32 physical clusters starting at PAA 0 01 ED.80h on layer L0, at PAA O 7E 02 00h o
d at PAA 0 81 FD 80h on layer L2 shall be left unrecorded.

.3.18INFO 1/Reserved 1

is zone has the size of 32 physical clusters starting at PAA 0 01 FE 00h on layer L0, at PA
h on layer L1 and at PAA 0 81 FE 00hjon'layer L2 shall be left unrecorded.

.3.19INFO 1/DMA 1

is zone of 32 physical clusters, which starts at PAA 0 01 FE 80h on layer L0, at PAA 0 7
layer L1 and at PAA 0(81FE 80h on layer L2, is intended for use by the disk manageme
pe 22.2). Unused clusters in this zone shall contain all 00h or can be left unrecorded.

.3.20INFO 1/Control Data 1

is zone of 82 physical clusters, which starts at PAA 0 01 FF 00h on layer L0, at PAA 0 7E
ber L1 arid at PAA 0 81 FF 00h on layer L2, is intended to store control information.

uséd clusters in this zone shall contain all 00h.

h layer L1

h layer L1

A 0 7E 01

E 01 00h
1t system

0 80h on

18.3.21INFO 1/PAC1

This zone of 32 physical clusters, which starts at PAA 0 01 FF 80h on layer L0 and PAA 0 7E 00 00h on
layer L1, is intended to be used for storing physical-access control (PAC) clusters (see 21.2). Unused
clusters in this zone shall contain all 00h or can be left unrecorded.

18.3.22INFO 1/Reserved

This zone of 32 physical clusters, starting at PAA 0 81 FF 80h on layer L2, shall be left unrecorded.
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19 Data zone

The data zone can contain a total of 1 527 456 clusters of user data.

20 Outer zone(s)

20.1 General

Outer zone 0 and outer zone 1 function together as a transition area between the data zones on layer L0
and layer|L1. outer zone 2 functions as a lead-out zone (see Figure 98 and Figure 99).

Quter Description First PAA Number of Purpose
Zone 0/2 of Zone Phys. Clusters
Buffer 3 LAAn + 2h 32 -
INFO 3 DMA 3 LAAn +82h 32 Disk Management
\ ControlData3 | LAAn+102h 32 data information
Revwritable Angularbuffer | LAAn+182h 102
trd cting DMA 4 LAAn +3 1Ah 32 Disk Management
dirpction INFO 4 Control Data 4 LAAn+ 3 9Ah 32 data information
Buffer 4 LAAn +4 1Ah 32 -
DCZ0/2 Test Zone LAAn + 4 9Ah 760 Drive calibration
Protection-Zone 3 | LAAn#10 7Ah
LAAn s LAA in Outer Zone 0 and LAAZ2 in Outer Zone 2:

Figure 98 — ‘Outer zone 0/2 (Lead-out zone)

Ojuter Description First PAA Number of Purpose
Zdne 1 of Zone Phys. Clusters
--- Protection-Zone 3 --- --- ---
DCZ 1 Test Zone FAA-10 78h 760 Drive calibration
Buffer 4 FAA - 4 98h 32 ---
¥ INFO 4 Control Data4 | FAA-418h 32 data information
Rewritzblg DMA 4 FAA -3 98h 32 Disk Management
. Angwlarbuffer —FAA—318k 102
tracking =
direction Control Data3 | FAA-180h 32 data information
INFO 3 DMA 3 FAA -1 00h 32 Disk Management
Buffer 3 FAA - 80h 32 ---

Figure 99 — Outer zone 1

20.2 INFO 3 /Buffer 3

This zone of 32 physical clusters shall be left unrecorded.
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20.3 INFO 3/DMA 3

This zone of 32 physical clusters is intended for use by the disk management system (see 22.2). Unused
clusters in this zone shall contain all 00h or can be left unrecorded.

20.4 INFO 3/Control data 3
This zone of 32 physical clusters is intended to store control information.

Unused clusters in this zone shall contain all 00h.

2(1!.5 Angular buffer

This zone of 102 physical clusters shall be left unrecorded.

2(.6 INFO 4/DMA 4

This zone of 32 physical clusters is intended for use by the disk managemeént system (see 22.7). Unused
clgisters in this zone shall contain all 00h or can be left unrecorded.

2(.7 INFO 4 /Control data 4
This zone of 32 physical clusters is intended to store controldnformation.

Unused clusters in this zone shall contain all 00h.

2(.8 INFO 4 /Buffer 4

This zone of 32 physical clusters shall be left.unirecorded.

20.9 DCZ 0/Test zone, DCZ 1/Test zone and DCZ 2 /Test zone

These test zones of 760 physical clusters are reserved for drive calibrations.

20(0.10 Protection-zone 3

THhis zone contains an unrecorded groove.

All ADIP units in the“grooves in this zone shall be modulated by MSK-cos only and not|by HMW
(s¢e 15.6.2).

21 Physical-access control clusters

21.4-General

Physical-access control (PAC) clusters provide a structure on the disk for the exchange of additional
information between interchange parties. PAC clusters shall be recorded in the INFO 1/PAC 1 zone and
backup copies shall be recorded in the INFO 2/PAC 2 zone. All PAC clusters shall have the same format
for the first 384 data bytes, which constitute the PAC header.

In the future, new PACs can be defined for specific applications/functions.

Drives designed before the introduction date of a new PAC are, in general, not able to interpret it and
therefore shall treat such a PAC as a so-called “unknown PAC”. By obeying standard “unknown- PAC
rules”, defined in the header of the PACs, compatibility problems and unwanted destruction of data of
specific applications can be avoided as much as possible.
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Drives designed after the introduction date of a new PAC can be assumed to be familiar with the specific
application/function connected to the new PAC. Such drives can therefore ignore the “unknown-
PAC rules” and apply the rules defined in the “PAC-specific information” fields of the PAC. For such
“Known PACs”, there are no physical access restrictions unless specified otherwise in the “PAC-specific

informati

NOTE

on” fields.

To preserve compatibility:

— from the point of view of zone layout, PAC 1 and PAC 2 are allocated only on layer L0 and layer L1, and the
corresponding zone on layer L2 is reserved; and

— from the point of view of PAC content, there are no additional unknown-PAC rules for this reserved zone and

this rgserved zone is out of PAC control.

21.2 Layout of PAC zones

The INFO 1/PAC 1 zones on layer LO and layer L1 form one area of 64 clusters available-for the storeife
the INFO 2/PAC 2 zones on layer L0 and layer L1 form another area of 64,clusters availalple

of PAC a
for the st

Each PAC
2 copies @
then be ¢
The PAC-
PAC-upd3

If a PAC
indicated
available

The statu
DDS (see

prage of PAC.

cluster shall be recorded in both zones INFO 1/PAC 1 and INFO 2/PAC 2, so there are alwa
feach PAC cluster recorded. A PAC shall always be updated firstiinithe INFO 1/PAC 1 zone a
opied to the INFO 2/PAC 2 zone, which eases the handling of possible power-down failur
ipdate count of the PAC cluster recorded in the INFO 2/PAG.2 zone shall be the same as t
te count of the PAC cluster recorded in the INFO 1/PAC kzone.

luster is found to be defective during recording, the)defective cluster shall be skipped a

as invalid in the DDS (see Figure 100). A replacement PAC should be recorded in the n¢g
cluster.
s of all locations in both the INFO 1/PAC 1.@nd INFO 2/PAC 2 zones shall be indicated in t
2.2.2) by a 2-bit pattern as follows:
b+1, ba Content in PAC location
00 unrecorded
(also to be used if layer not present)

01 available for re-use2

10 contains an invalid PACa

11 contains a valid PAC

a PAC Clusters with status 01 or 10 as indicated in the
DDS shall not be transferred outside the drive,
although overwriting is allowed (independent on the
setting of bit bg and b1 of the Unknown-PAC Rules).

y's
hd
S,
he

hd
Xt

he

b n il 2. 0.0 Ol ', £D. Vall | il
rigulc 1UU = Sudiud UI AU IUL4AUIUIIS

21.3 General structure of PAC clusters

The user data of the PAC clusters shall be formatted according to Figure 101. The first 384 bytes
constitute the PAC header.
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Byte position
Data Frame | in Data Frame Content Number of bytes

0 0to 2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-Update Count 4

0 8to 11l Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

U 1510 14 Reserved 4

0 15 number of Segments 1

0 16 to 23 Segment_0 8

0 24to 31 Segment_1 8

0 32to 263 : 29x8
0 264 to 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1

0 385 to 387 Reserved 3

0 388to 2 047 PAC-specific information 1660
1 0to 2047 PAC-specificinformation 2 048
30 0to 2047 PAC-specific information 2 048
31 0to 2047 Reserved 2048

Figure 101, — General layout of PAC clusters

The PAC_ID shall identify the specific type of PAC cluster as follows:
—{ ifsetto 00 00 00h, the PAC cluster is unused;

The PAC_ID of all subsequent PAC clusters in the INFO 1/PAC 1 zone or INFO 2/PAC 2 zonje shall be
set to 00 00 00h 6rythose subsequent cluster locations shall be left unrecorded.

—|{ if setto 50 524Dh, the PAC cluster is the primary PAC as defined in 21.4;
— if set to-44°57 50h, the PAC cluster is the DWP PAC as defined in 21.5;

— if setto 49 53 31h, the PAC cluster is the IS1 PAC as defined in 21.6;
—{ “iPset 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 are reserved.

Each new PAC added to the INFO 1/PAC 1 zone or INFO 2/PAC 2 zone shall be recorded at the first
available cluster in these zones (indicated by status 00 or 01 in the DDS, see Figure 100).

The PAC-format field shall indicate the version number of the specific PAC.
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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 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 b;; shall be the msb of byte 8 and bit b, 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 102). The actions described for the user-data area shall be taken only within
the specified segments if segments have been defined. Otherwise, these actions shall be taken for any
cluster cdnfained 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 ruleg (in other words, if one of the PACs excludes an action, the same rule of the otherPACs|is
irrelevang).
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Control Mandatory
Area Bits type setting
b31 to bza Reserved 0000 0000
b2z write -
Reserved 8
b22 read -
b21 write ONE
Reserved 7
bzo read -
INFO 2 - "
Reserved 6 — —
big read 4
b1z write .
Reserved 5
b1e read -
bis write ZERO
INFO 1 Drive Area
b1s read ZERO
b1z wirite ONE
Reserved 3
b1z read -
b11 write ONE
INFO 1 Reserved 2
b1o read -
bo write ONE
Reserved 1
bs read -
DMA zones (not including.the .
INFO 1,2,3,4 DDS; see 22.2) b, write -
b Reserved unless otherwis¢
6 specified by the BDAP
bs write -
INFO 1,2,3,4 | Control datazzones
ba read -
bs write -
Data zones User-data area / Segments
b2 read -
b1 write -
INFO 1&2 PAC cluster
bo read -
"-": no niandatory setting specified, as well ZERO as ONE can be allowed depending on
speeific PAC
Figure 102 — General bit assignments for unknown-PAC rules

For all zones/areas, except the PAC cluster, the bits have the following meaning:

—  Control type = write:
—  ifsetto ZERO: indicating that writing in the related zone/area is allowed; and

— if setto ONE: indicating that writing in the related zone/area shall not be allowed.
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—  Control type =read:
— ifsetto ZERO: indicating that reading in the related zone/area is allowed; and
— if setto ONE: indicating that reading in the related zone/area shall not be allowed.

[The meaning of “reading shall not be allowed” in this context is: the data content of the clusters in the
related area(s) are not allowed to be transferred outside the drive or presented to the user.]

For the PAC cluster, the bits have the following meaning:

— Corltrol type = write:

— | ifsetto ZERO: indicating that overwriting the current PAC cluster or changing its’statys
bits in the DDS is allowed; and

— | if setto ONE: indicating that overwriting the current PAC cluster and ¢hanging its sta}t
tus bits in the DDS shall not be allowed, except during(re-formatting.

—  Corftrol type = read:

— | ifsettoZERO: indicating that reading and transferring the‘content of the current cluster
outside the drive is allowed; and

— | if setto ONE: indicating that the content of the curfent PAC cluster, except for the firs
384 bytes of the first data frame, shall not be transferred outside the

drive, to be enforced by setting all*bytes not belonging to the PAC headefr
to 00h before passing the contetit of the cluster.

The unkjown-PAC entire_disk_flags byte specifies unknown-PAC rules that cover the entire disk Jas
follows:

— Bityb,tob;:  These bits shall be reserved.
—  Bit|bg: Re-initialization:

— | ifsettoZERO: indicating that re-initialization is allowed, if not blocked by any other
write protect mechanism for the entire disk; and

— | if setto ONE: indicating that re-initialization shall not be allowed if the PAC is unknown
to the drive.

The numbper of segménts shall specify the total number N (0 < N < 32) of segments specified in the
current PAC. Moreover, the total number of segments defined for all PACs on a disk shall not exceed B2

as per Formula (56

N
Y nd <32 (36)
i=0

where ng is the number of segments in PAC,;.
1

The Segment_i field shall specify the starting and ending address of a contiguous range of clusters,
called a segment. Segments shall be assigned, starting from Segment_0 to Segment_(N-1) (N < 32).

Segments specified within one PAC shall not overlap and shall be sorted in ascending order according
to their addresses. Segments shall only start and end at cluster boundaries. All Segment_i fields, where
i = N, shall be set to all 00h.

— the first four bytes of the Segment_i field, if used, shall contain the first PSN of the first cluster
belonging to the segment, and
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— the last four bytes shall contain the last PSN of the last cluster belonging to the segment.

These segments shall only be applied to the unknown-PAC rules. If overlapping segments in different
PAC clusters are encountered, the drive shall apply the OR-function to the related unknown-PAC rules
in the overlap areas.

The known-PAC entire_disk_flags byte specifies rules for the entire disk in case the drive is able to
interpret the PAC as follows:

— Bitsb,tob;:  These bits shall be reserved.

— Bit by Re-initialization:

— ifsetto ZERO: indicating that re-initialization is allowed, if not blocked by.any ¢ther
write-protect mechanism for the entire disk; and

— ifsetto ONE: indicating that re-initialization shall not be allowed:

The PAC-specific information fields contain information that is specific to¢he current PAC.

21.4 Primary PAC cluster (mandatory)

The primary PAC cluster shall be included on each disk to provide-information about the datefwhen the
digk was initially recorded and to identify each recorder that'has recorded individual clustdrs on the
digk. The layout of the primary PAC cluster shall be formatted as depicted in Figure 103.
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Byte position
Data Frame | in Data Frame Content Number of bytes

0 0to 2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-Update Count 4

0 8to 11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

U Istol4 KReserved A

0 15 number of Segments 1

0 16 to 23 Segment_0 8

0 24to 31 Segment_1 8

0 32to 263 29%'8
0 264 to 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1

0 385 to 387 Reserved 3

0 388 to 389 number of Recorder ID entries 2

0 390 to 393 Year/Month/Date of initialkrecording 4

0 394 Re-initialization RID_Tag # 1

0 395to0 511 Reserved 117
0 512 to 639 Recorder.ID,for RID_Tag 01h 128
0 640 to 767 RecorderID for RID_Tag 02h 128
0 768 to 896 Recorder ID for RID_Tag 03h 128
0 1920 to 2047 : 128
1 0to 127 Recorder ID for RID_Tag xxh 128
15 1920 t02 047 Recorder ID for RID_Tag FCh 128
16 0to2 047 Reserved 2048
31 0to 2047 Reserved 2048

Figure 103 — Layout of primary PAC cluster

The PAC_ID shall be set to 50 52 4Dh, representing the characters “PRM”".
The PAC-format field shall be set to 00h, indicating this is a primary PAC version 0.

The PAC-update count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each
time the current PAC is re-written.

The unknown-PAC rules shall be set as shown in Figure 104.
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Control Mandatory
Area Bits type setting
bz1 to bzs Reserved 0000 0000
Reserved 8 b3 write ZERO
b2 read 7ZERO
Reserved 7 b21 write ONE
INFO 2 bzo rez?d 7ERO
Reserved 6 ‘b19 ert? PNE
Dis Tead ZERO
Reserved 5 b1y write ZERO
b1e read ZERO
INFO 1 Drive area b1s write ZERO
b1g read 7ZERO
Reserved 3 b1z write ONE
b1z read 7ZERO
INFO 1 Reserved 2 b1y write ONE
b1o fead 7ZERO
Reserved 1 by write ONE
bg read 7ZERO
DMA zones (not including the _
INFOL234 | ppg; see chapter 22.2) b7 write ZERO
b Reserved unless otherwis¢
6 specified by the BDAP
INFO 1,2,34 | Control data zones bs write ZERO
ba read 7ZERO
b it ZERO
Data zones User-data area/Segments 3 write
bz read 7ZERO
INFO 1&2 | PAC cluster by write ZERO
bo read 7ZERO

allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking re-

Figure 104" Bit assignments for unknown-PAC rules for primary PAC

initialization.

e numberof segments shall be set to 00h.

e Segment_i fields shall all be set to all 00h.

e unknown-PAC-entire_disk_flags byte shall be set to 00h indicating re-initialization of t
owed if this PACis unknown to the drive and there are no other mechanisms blocking re-init

he disk is

alization.

The number of recorder ID entries field shall specify the number (< 252) of 128-byte recorder IDs
contained in bytes 512 to 2 047 of data frame 0 and bytes 0 to 2 047 of data frames 1 to 15. The
maximum number of available locations is 252 (see also description at recorder ID for RID_Tag xxh).

The year/month/date of initial recording fields shall indicate the year (4 digits BCD), the month (2 digits
BCD) and the date (2 digits BCD) when the very first recording on this disk was made.

If a drive is not able to correctly set this field, these bytes shall be set to 00h.
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The re-initialization RID_tag # shall specify the recorder-ID tag number of the recorder that last (re-)
formatted the disk.

The recorder ID for RID_tag xxh fields shall contain the 128-byte drive signatures of all recorders (up to
a maximum of 252) that have made any recordings on this disk. Such drive signatures shall be according
to the following format (see 18.3.15.2):

— 48bytes for the manufacturer’s name, represented by characters from the ISO/IEC 646 character set;

— 48 bytes of additional identification, represented by characters from the ISO/IEC 646 character set;

— 32 byftes for a unique serial number of the drive.

The first|time a recorder writes data to a disk, it shall add its recorder ID to this list. Thereyshall pe
no duplichte entries and new entries shall only be appended to the end of the list. This list shall not pe
sorted or] changed in any other way, since the relative location of each entry determines-the RID_tag
value (seg Figure 103) assigned to each specific recorder. After all available recorderD fields have
been usedl, recorders whose recorder ID cannot be registered in the PAC anymore shalluse the RID_thg
value FFH.

The RID_fag value assigned to a specific recorder shall be recorded in the address units as defined|in
13.9.2.3 tp indicate that the cluster has been recorded by that recorder.

21.5 Digk write-protect PAC cluster (optional)

The disk|write-protect (DWP) PAC cluster is optional and can‘be used to protect a disk agairst
unintended write actions or write actions by unauthorized pérsons. For the latter purpose, a password
can be influded. If a valid DWP PAC cluster exists on the disk, products that understand the PAC shpll
follow the¢ rules indicated by the WP control byte, else they shall follow the unknown-PAC rules. The
layout of the DWP PAC cluster shall be formatted as depicted in Figure 105.
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Byte position
Data Frame | in Data Frame Content Number of bytes
0 0to2 PAC_ID 3
0 3 PAC format 1
0 4to7 PAC-Update Count 4
0 8to11 Unknown-PAC Rules 4
0 12 Unknown-PAC Entire_Disk_Flags 1
0 13tol4 Reserved 2
0 15 number of Segments 1
0 16 to23 Segment_0 8
0 24to 31 Segment_1 8
0 32to 263 : 29 %8
0 264to 271 Segment_31 8
0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1
0 385 to 387 Reserved 3
0 388 WP control byte 1
0 389 to 395 Reserved
0 396 to 427 WP password 32
0 428to 2 047 Reserved 1620
1 0to 2047 Reserved 2048
31 0to 2047 Reserved 2048

Figure 105/— Layout of the 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, indicating this is a DWP PAC version 0.

The PAC-update count s§hall specify the total number of update operations of the current PAC.|This field
shill be set to 00 00:00/00h during the first format operation only and shall be incremented by one each
tine the currentPAC is re-written.

The unknown>PAC rules shall be set as Figure 106:
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Control Mandatory
Area Bits type setting
b31 to bz Reserved 0000 0000
Reserved 8 b23 write ZERO
b2z read ZERO
Reserved 7 En er: Z(])El\II{]i)
INFO 2 20 4
bio write ONE
Reserved 6
bis read ZERO
Reserved & b1z write ZERO
bie read ZERO
INFO 1 Drive Area b1s write QRO
b1a read ZERO
Reserved 3 b1z write ONE
b1z read ZERO
INFO 1 Reserved 2 bus WIS ONE
b1o read ZERO
Reserved 1 bo write ONE
bs read ZERO
s DMA zones (not including the .
INFO 1,2,3,4 DDS; see chapter 22.2) b7 write ZERO/ONE
b Reserved unless otherwise
6 specified by the BDAP
INFO 1,2,3,4 | Control data zones s write ZERO/ONE
bs read ZERO
b it ZERO/ONE
Dalta zones User-data area/Segments & witte /
b2 read ZERO
INFO1&2 | PAC cldster b1 write ONE
bo read ONE
Figure106 — Bit assignments for unknown-PAC Rules for DWP PAC
Bits by, b4, bsand b; shall be set to ZERO if bit b, of the WP control byte is set to ZERO (WP off) and b
b, bg, bs and b5 shall be set to ONE if bit b, of the WP control byte is set to ONE (WP on).

ts

The unknown-PAC entire_disk_flags byte shall be set to 01h indicating re-initialization of the disk is not

allowed if this PAC is unknown to the drive.
The number of segments shall be set to 00h.

The Segment_i fields shall all be set to all 00h.

The known-PAC entire_disk_flags byte shall be set to 00h indicating re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking re-

initialization.

The WP control byte shall specify the allowed and required actions (see Figure 107) as follows:

168
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— Bitsb,tobs:  These 5 bits shall be reserved.
—  Bitby,: This bit indicates WP with/without password (PWD):
— ifitis setto ZERO, no checking of the password is needed;

— ifitis set to ONE, in case bit by is set to ONE, the write protection is switched on, only
host-initiated write actions shall be allowed if the password supplied by the host matches
the password contained on the disk.

— BIUDq: 1'nis bt Indicates the method oI write protection:

— if setto ZERO, this bit indicates virtual WP. After executing the required actiohs’ag speci-
fied in the table of Figure 107, host-initiated write actions shall be executed withoyit chang-
ing the write protection settings on the disk;

— if set to ONE, this bit indicates the physical WP. After executing the‘required actiﬁs as
specified in the table of Figure 107, host-initiated write actions,shall only be execufed after
setting bit b, to ZERO, indicating that the write protection is switched off.

— Bitby: This bit indicates write protect on/off:

— if setto ZERO, it indicates that write protection is switehed off (WP off) and the hgst-initi-
ated write actions is allowed without any restrictions;

— if setto ONE, it indicates that write protectionis switched on (WP on), meaning that all
write actions initiated by the host shall be blocked by the drive and the host-initiated write
actions are only allowed after executingthe required actions as specified in the taple of

Figure 107;
—  if the write protection is switched'on, re-initializing the disk shall not be allowed.
The WP control byte shall only be changed after executing the required actions as specified ir] the table
of|Figure 107.

The WP password can consist of up to 32 characters from the ISO/IEC 646 character set. Trailing bytes
ndt used shall be set to 00h. The'"WP password shall never be transferred outside the drive.

If all bytes of the WP password field are set to 00h, then the WP password feature is inactive and bit b,
of|the WP control byte‘shall be set to ZERO.

If the WP passwordfield is set to all FFh, then the disk is permanently write protected and furfher host-
inJtiated writeactions on the disk shall not be allowed. Bits b,, b; and b, of the WP control by{e shall be

sef to 111.
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21.6 ISjand IS2 PAC clusters

The IS1

Wwp Status Actions
iy for changing WP control
bz | b1 | bo for writing data bits or the password
0/]0]0 no PWD/virtual/WP off | allowed allowed
. allowed after allowed after
0101 no PWD/virtual /WP on confirmation by the host | confirmation by the host
0| 1] 0| noPWD/physical/WP off |allowed allowed
allowed after allowed after
0 1 no FPWD/physical/WFP on | contirmation by the host : :
and changing to WP off confirmation by the host
allowed after
1|0 | 0| with PWD/virtual/WP off | allowed confirmation of the
password supplied by
allowed after allowed aftér
1|0 ]| 1| with PWD/virtual/WP on | confirmation of the confirmation of the
password supplied by password supplied by
allewed after
1| 1|0 | with PWD/physical/WP off | allowed confirmation of the
password supplied by
allowed after allowed after
. . confirmation of the confirmation of the
L)1 1 | with PWD/physical/WP on password suppliéd-by password supplied by
the host and changing to | the host
Figure 107 — Status and allowed actions defined by write-control bits

AC and IS2 PAC may be recordéd on an unrecorded disk. When BCA code is not record

ed

on an untecorded disk, IS1/1S2 PAC structures shall be recorded in INFO 1/PAC 1 and INFO 2/PA( 2

before shjpping as pre-recorded area;When BCA code is recorded on an unrecorded disk, [S1/1S2 P

structurds shall not recorded.

The layoyt of the IS1 PAC and.IS2 PAC cluster shall be formatted as depicted in Figure 108.

AC

170
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Byte position
Data Frame | in Data Frame Content Number of bytes

0 Oto?2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-Update Count 4

0 8to 11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

0 13to 14 Reserved 2

0 15 number of Segments 1

0 16 to 23 Segment_0 8

0 24to 31 Segment_1 8

0 32to 263 : 29 %8
0 264to0 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1

0 385to 2 047 Reserved 1663
1 0to 2047 Reserved 2048
31 0to 2047 Reserved 2048

P PAC.

Figure 108 — General layoutof IS1 and IS2 PAC clusters

e PAC-format field shall be set to 00Qhfor both PACs, indicating this is version 0.
e PAC-update count shall be setto’00 00 00 00h for both PACs.

e number of segments shall be set to 00h for both PACs.
e Segmentiifields shall be set to all 00h for both PACs.
e known-PAC entire_disk_flags byte shall be set to 01h for both PACs.

e PAC_ID shall be set to 49 53 31h, representing the characters “IS1” for IS1 PAC. The PAC_IP shall be
k to 49 53 32h, representing the characters*IS2” for IS2 PAC.

e unknown-PAC rules shall'be set 00 AA 2A 00h for an IS1 PAC and shall be set 00 AA 2A (Bh for an

e unknown-PAC entire/disk_flags byte shall be set to 01h for IS1 PAC and shall be set to 00h fdr IS2 PAC.

22 Pisknrammagenrent

22.1 General

Disk management defines and controls methods of recording data on the disk including defect
management. Defect management is used to solve problems related to areas on the disk that can have
become defective or unreliable through damages or contamination.

Depending on the BDAP and/or the applied file system, defect management can be handled by the drive

or

by the file system.

The data originally intended to be recorded at a defective location is recorded at an alternative location

that is, determined by the file system.
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In the defect list, according to this document, 2 types of defects can be distinguished (see 22.2.3.3) as
follows:

— defects that are indicated as non-reallocatable defect (NRD); and

— unreliable areas on the disk, called possibly bad area (PBA). Before using such a PBA for the allocation
of data, the reliability of the area should be checked.

22.2 Disk-management structure (DMS)

22.2.1 (General

A disk-m@nagement structure is made up of a disk-definition structure (DDS) and a defect list-( DFL).
The disk{definition structure consists of one cluster which shall be repeated 4 times, forfebustngss
reasons, dnd the defect list consists of 8 consecutive clusters.

Whenevef a disk leaves a recorder, all DMS shall correctly reflect the current status-of the disk.

All 4 occyrrences of the DMS, recorded in the DMA zones in the inner and outer zone(s), shall contdin
the same|information, except for the first PSN of the defect list (see 22.2.2, byte 24 of data frame 0). The
DMA zongs shall be updated in the order DMA 1, DMA 2, DMA 3, DMA 4 fer-ease of handling possilile
power-ddwn failures. After such an update, all DDS update counts (see 22.2.2, byte 4 of data frame|0)
shall be the same and all DFL-update counts (see 22.2.3.1, byte 4 of data frame 0/cluster 0 and 22.2.3{2,
defect-lisf terminator) shall be the same.

DMS

The DMA| zones consist of 96 consecutive clusters divided-over the 3 recording layers as indicated|in
Figure 109.

v

Tracking/direction

Cluster Cluster Cluster Cluster Cluster
Layer LO
1 2 3 31 32
< Tracking direction
Laver L1 Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33
Tracking direction >
Laper L2 Cluster Cluster Cluster Cluster Cluster
65 66 67 95 96

Figure 109 — Clusters of DMA zones

The DDS shall always be recorded in the first 4 clusters of each DMA zone. The next 4 clusters are
reserved.

The DFL is recorded initially in clusters 9 to 16 of each DMA zone. Whenever any of the 8 clusters of the
DFL in a DMA zone starts to become unreliable, the complete DFL is moved into the next 8 clusters of
the DMA zone concerned (see Figure 110). The position of the valid DFL is indicated in the DDS.
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Cluster 1 to 4 DDS (4 repetitions)

Cluster 5to 8 Reserved

Cluster 9 tol6 1st position of DFL damaged DFL
Cluster 17 to 24 2nd position of DFL valid DFL
Cluster 25 to 32 3rd position of DFL empty
Cluster 89 to 96 11t position of DFL empty

rigure 11U — EXample ol DMAZone

22.2.2 Disk-definition structure (DDS)

The DDS specifies the format and status of the disk with relation to the disk management. The
the DDS is defined in Figure 111.
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Byte position
Data frame | indataframe Content Number of bytes
0 Otol DDS identifier 2
0 2 DDS format 1
0 3 Reserved 1
0 4to7 DDS update count 4
0 8to 15 Reserved 8
0 16to 19 First PSN of drive area 4
0 20to 23 Reserved 4
0 24 to 27 First PSN of defect list 4
0 28to 31 Reserved 4
0 32to 35 Location of LSN 0 of user-data area 4
0 36to39 Last LSN of user-data area 4
0 40to 43 Reserved unless otherwise specified by the 4
BDAP
0 44 t0 47 Reserved unless otherwise specified by the 4
BDAP
0 48to 51 Reserved unless otherwise specified by the 4
BDAP
0 52 Flag A
0 53 Reserved
0 54 Reserved unless otherwise specified by the
BDAP
0 55 Reserved 1
0 56 to 59 Reserved unless otherwise specified by the
BDAP
0 60to 63 Reserved 4
0 64to71 Status bits of INFO 1/PAC 1 locations on 8
layer LO
0 72t0 79 Status bits of INFO 2/PAC 2 locations on 8
layer LO
0 80 to-87 Status bits of INFO 1/PAC 1 locations on 8
layer L1
0 881095 Status bits of INFO 2/PAC 2 locations on 8
layer L1
0 96 to 2 047 Reserved 1952
1 0to 2047 Reserved 2048
31 0to 2047 Reserved 2048

Figure 111 — Format of DDS

The DDS identifier shall be set to 44 53h, representing the characters “DS”.
The DDS format field shall be set to 00h, identifying a DDS.

The DDS update count shall specify the total number of update operations of the DDS. This field shall be
set to 00 00 00 00h during the first format operation only and shall be incremented by one each time
the DDS is re-written.
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The first PSN of drive area field shall specify the first PSN of the first cluster of the pair of clusters that

co

ntains the drive-specific information frames.

If the drive area is unrecorded, this field shall be set to 00 00 00 00h.

The first PSN of defect list field shall specify the first PSN of the defect list in the DMA zone containing
this particular DDS.

The location of LSN 0 of user-data area field shall specify the PSN of the first user-data frame in the first
cluster and shall be set to 00 10 00 00h unless otherwise specified by the BDAP.

Th
la

SP

TH
by

Th

clyisters in the INFO 1/PAC 1 zone on layer LO (see Figure 112). The bit pair$shall be set as defin
Byte position Bits INFO 1/PAG Tlocation PAA
64 b7 be 001 FF 80h
64 bs ba 0 01 FF 84h
64 bs b2 0 01 FF 88h
64 b1 bo 0 01 FF 8Ch
65 b7 be 0 01 FF 90h
70 bibo 0 01 FF ECh
71 b7 be 0 01 FF FOh
71 bs ba 0 01 FF F4h
71 bz b2 0 01 FF F8h
71 b1 bo 0 01 FF FCh

Th

clyisters in the’lNFO 2/PAC 2 zone on layer LO (see Figure 113). The bit pairs shall be set as defin

e last LSN of user-data area field shall specify the logical-sector number (LSN; see Clause
t sector available for the storage of user data and shall be set to 02 E9 D3 FFh unléss
ecified by the BDAP.

e 8-bit flag A field specifies the status of the TL disk. Bits b, and bg shall be reserved. Bits
by, and b, shall be set to ONE unless otherwise specified by the BDAP.

e status bits of INFO 1/PAC 1 locations on layer LO field shall specify the.recording status

Figure 112 = Status bits and related INFO 1/PAC 1 address locations on layer L

e status bits7ofINFO 2/PAC 2 locations on layer LO field shall specify the recording status

D3) of the
therwise

b:, by, bs,

of all 32
bd in 21.2.

=

of all 32
bd in 21.2.
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Byte position Bits INFO 2/PAC 2 location PAA
72 b7 be 001 BA0OOh
72 bs b4 0 01 BA 04h
72 bz b2 001 BA08h
72 b1 bo 0 01 BA OCh
73 b7 be 001 BA10h
78 b1 bo 0 01 BA 6Ch
79 b7 b 001 BA70h
79 bs b4 001 BA74h
79 b3 b2 001 BA78h
79 b1 bo 001 BA7Ch

Higure 113 — Status bits and related INFO 2/PAC 2 address locations on layer LO

The statys bits of INFO 1/PAC 1 locations on layer L1 field shall specify_the recording status of all B2
clusters in the INFO 1/PAC 1 zone on layer L1 (see Figure 114). The bitpdirs shall be set as defined in 2112.

Byte position Bits INFO 1/RAC 1 location PAA
80 b7 be 0 7E 00 00h
80 bs b4 0 7E 00 04h
80 bz b2 0 7E 00 08h
80 b1 bo 0 7E 00 0Ch
81 b7 be 0 7E 00 10h
86 b1 bo 0 7E 00 6Ch
87 b7 be 0 7E 00 70h
87 bs b4 0 7E 00 74h
87 bs b2 0 7E 00 78h
87 b1 bo 0 7E 00 7Ch

figure 114)— Status bits and related INFO 1/PAC 1 address locations on layer L1

tions on layer L1 field shall specify the recording status of all
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272

TH
of]

T}

Byte position Bits INFO 2/PAC 2 location PAA
88 b7 be 0 7E 45 80h
88 bs ba 0 7E 45 84h
88 bs b2 0 7E 45 88h
88 b1 bo 0 7E 45 8Ch
89 b7 be 0 7E 4590h
94 b1 bo 0 7E 45 ECh
95 b7 be 0 7E 45 FOh
95 bs ba 0 7E 45 F4h
95 bs b2 0 7E 45 F8h
95 b1 bo 0 7E 45 FCh

Figure 115 — Status bits and related INFO 2/PAC 2 addresslocations on layer L

.2.3 Defect list (DFL)

e first data frame of the 8 clusters constituting the DFL ¢antains a defect-list header followe

i

d by alist

defects. The list of defects shall be terminated by a defeet-list terminator.
e DFL shall be composed as shown in Figure 116,
Cluster
number/ Start byte position
Data Frame in Data Frame Content Number of bytes
0/0 0 Defect-List Header 128
0/0 128
. : List of Defects 65408
0/31
1/0 0
. . List of Defects 65536
1/31
K10 0
: List of Defects nx8
nx8 Defect-List Terminator 8
: (n+1) x8 set 00h
K/31
K=17.

Figure 116 — Format of DFL

The defect-list header (DLH) identifies the defect list and contains information about the composition
of the list of defects (see 22.2.3.1).
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The list of defects contains a list of clusters determined to be defective during use of the disk
(see 22.2.3.2).

The defect-list terminator closes the list of defects and shall be written immediately following the
actual last entry in the list of defects. The defect-list terminator can be located in any of the 8 clusters
constituting the DFL, depending on the number of entries in the list of defects. All remaining bytes
following the defect-list terminator shall be set to 00h.

22.2.3.1 Defect-list header (DLH)

The formptof the DLH is defined in Figure 117.
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 defectlist. This figld
shall be st to 00 00 00 00h during the first format operation only, and shall be incremented by one each
time the DFL is re-written.

The numlper of DFL entries shall indicate the total number of entries in the DEE-and shall be as follows:

[72)

N_DHL = No. of NRD + No. of PBA unless otherwise specified by the BDAP;
N_DHL < 65 519.
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Cluster
number/ Byte position
data frame in data frame Content Number of bytes
0/0 Otol DFL identifier 2
0/0 2 DFL format 1
0/0 3 Reserved 1
0/0 4to7 DFL-update count 4
0/0 8to 11 Reserved 4
0/0 12to 15 number of DFL entries (N_DFL) 4
0/0 16to 19 Reserved unless otherwise specified 4
by the BDAP
0/0 20to 23 number of NRD entries 4
0/0 24to0 27 Reserved unless otherwise specified 4
by the BDAP
0/0 28to0 31 number of PBA entries 4
0/0 32to0 35 Reserved unless otherwise specified 4
by the BDAP
0/0 36t0 63 Reserved 28
0/0 64 to 67 Reserved unless otherwise specified 4
by.the'BDAP
0/0 68to 71 Reserved unless otherwise specified 4
by the BDAP
0/0 72t0 75 Reseryed unless otherwise specified 4
by the BDAP
0/0 76to 79 Reserved unless otherwise specified 4
by the BDAP
0/0 80 to 83 Reserved unless otherwise specified 4
by the BDAP
0/0 84 te-87 Reserved unless otherwise specified 4
by the BDAP
0/0 88to 127 Reserved 40
Figure 117 — format of DLH
The numberof NRD entries shall specify the total number of NRD entries in the DFL.
The numaber of NRD entries is a variable number that can change during the use of the disk.
The-sumberof PBA entries-shall cpcmify thetotalnumber of PBA entries-inthe DEL

The number of PBA entries is a variable number that can change during the use of the disk.

22.2.3.2 List of defects
The format of the list of defects is shown in Figure 118.

The DFL shall be updated after formatting and each time an entry is added, removed or changed (change
in status or address).

The DFL entries shall be formatted as specified in 22.2.3.3. DFL entries consist of 8 bytes and these
entries shall be recorded contiguously, even across the borders of data frames and clusters.
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The defect-list terminator shall be composed of two 4-byte parts as follows:

— the first 4 bytes 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).

Cluster
number/ Start byte position Number of
Data Frame in Data Frame Content bytes
0/0 128 DFL entry 0 8
0/0 136 DFLentry 1 8
0/0 ix8+128 DFLentryi 8
0/0 2032 DFL entry 238 8
0/0 2 040 DFL entry 239 8
D/1 0 DFL entry 240 8
0/1 8 DFL entry 241 8
D/1 2040 DFL entry 495 8
0/n 0 DFL entrymn %256 - 16 8
)/31 2040 DFL entry 8175 8
m/0 0 DFLentrymx8192-16 8
m/0 j*x8 DFLentrymx8192-16+j 8
m/0 2040 DFLentrymx 8192-16 + 255 8
m/1 0 DFLentrymx8192-16 + 256 8
m/1 2040 DFLentrymx8192-16+511 8
n/n 0 DFLentrymx 8192 +nx256-16 8
h/31 2040 DFL entry m =8 192 + 8 191- 16 8
K/n [(NDFL-1)x8+128 DFL entry (N_DFL-1) 8
(K=>m) -nx2048—Kx 65536]
K/n (N_DFL x8+128 DFL terminator 8
-nx2048—-Kx65536)
K/n [(N.DFL+1)x8+128
-nx2048—-Kx65536] setto 00h .
K/(n+1) 0 setto 00h 2048
to K/31
K=7

180

Figure 118 — Format of list of defects
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Each DFL entry shall be formatted as shown in Figure 119. The bytes of the DFL entry are converted
into a 64-bit sequence with the msb’s first.

The list of defects shall be sorted in ascending order as if each entry were a single 64-bit unsigned
integer of which the msb is ignored (always supposed to be 0), which means: first sorted by status 1,
and within status 1 by defective cluster first PSN, and within defective cluster first PSN by status 2 and
within status 2 by number of successive clusters.

Byte 0/bit 7..4
of DFL entry i

Byte 0/bit 3..0 & byte 1 to 3
of DFL entry i

Byte 4/bit 7..4
of DFL entry i

Byte 4/bit 3..0 & byte
of DFL entty

b to 7

bes beo

bso bz

bs1 b2g

b27

bo

Status 1

Defective Cluster first PSN

Status 2

Numberefsuccessive C

usters

Th
in

T}

pd

re

T}

Figure 119 — DFL entry format

e defective cluster first PSN shall identify the PSN of the firstphysical sector of the clu
licated. Only the 28 least-significant bits of the PSN shall<be stored in bits bgq .. b3, (th
significant bits are discarded). Each defective cluster shall appear only once in the list of defe

e number of successive clusters field shall indicate thesnumber of successive clusters cover
ssibly bad area (the value 0 00 00 00h indicates that-the number of unreliable clusters is
when status 1 field is set to 0100 (see Figure 120)CWhen status 1 field is not set to 0100, th
erved unless otherwise specified by the BDAP,

e status 1 field shall indicate the status of-the entry as shown in Figure 120.

ter to be
b 4 most-
[ts.

ed by the
nknown)
is field is

Status 1

Status 2

Type

Definition

0001

0000

NRD

The entry identifies a defective location.

0100

0000
or
0100

PBA

The entry identifies an area on the disk that might be
defective and has to be checked. The defective cluster
PSN shall identify the PSN of the first physical sector g
first cluster related to an error event.

PBAs shall not include any NRD locations.

first
f the

Other

Reserved

otherwise
specified by the
BDAP

Figure 120 — DFL-entry status 1 definition

The status 2 field shall indicate the status of the entry as shown in Figure 121.
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Status 2 | Definition

0000 This (default) setting shall be used if none of the following settings is valid.

0100 (Only allowed in combination with Status 1 = 0100 unless otherwise specified
by the BDAP.)

Then the Clusters do not contain any relevant User Data. During Read-Modify-
Write actions the content of such Clusters can be discarded (related status
bits Sa;1/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.

Dther | Reserved unless otherwise specified by the BDAP.

Figure 121 — DFL-entry status 2 definition

23 Assignment of logical-sector numbers (LSNs)

Logical-s¢ctor numbers shall be assigned contiguously over all clusters available for storage of user da

La,

so starting from LSN 0 and increasing by one for each successive user-datasframe (see Figure 122). LSN 0

is assigngd to the first user-data frame in the first cluster after lead-inzone (at PSN = 00 10 00 00h).

The last LSN on layer LO is equal to 8 x LAA + 15 - 00 10 00 00hand is assigned to the last user-ddta

frame in the last cluster before the outer zone 0 (at PSN = 8 x LAA'+ 15 = X).

The first LSN on layer L1 shall be one higher than the last"liSN on layer LO and is assigned to the fifst

user-datd frame in the first cluster after the outer zone.l (at PSN = 8 x FAA= X+FC000000h).

The last [SN on layer L1 is equal to 16 x LAA + 31 <00 20 00 00h and is assigned to the last user-ddta

frame in the last cluster before the inner zone 1sat PSN = 03 EF FF FFh).

The first [LSN on layer L2 shall be one higher-than the last LSN on layer L1 and is assigned to the fiy

user-datd frame in the first cluster after the'inner zone 2 (at PSN = 04 10 00 00 h).

The last LSN on layer L2 = 24 x LAA%47 - 00 30 00 00h and is assigned to the last user-data frame|i

st

the last cluster before the lead-out zene (at PSN = 04 00 00 00h + 8 x LAA + 15 =X+ 04 00 00 O0h).
Inner Outer  Outer Inner Inner Outer
radius LaXfE LO radius radius LaXf_f L1 radius  radius Layer L2 radius
- T, Ty "y,
e
9]
—
User- User-
Data  s====+- + - Data
Area Area
User-
Data
o Area
S
o | Lead-in Outer Outer Inner Inner Lead-out|
S Zone Zone 0 |yl Zone 1 Zone 1 |y|Zone 2 Zone
2 g : ? 2 N ! ' ,
S 00100000h X X+ FC 00 00 00h 03 EF FF FFh 04 10 00 00h PSN

Figure 122 — Assignment of logical-sector numbers

182 © ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=c9c3551736c247ae3515d278dcfab12a

ISO/IEC 30193:

24 Characteristics of grooved areas

In

this document, two types of signals are distinguished as follows:
signals generated by the groove structures on the disk; and

signals generated by user-written marks.

2020(E)

In Clauses 25 to 27, the signals generated by the groove structures are defined and specified (the format

of

the grooves has been defined in Clause 15).

Al requirements in Clauses 25 to 27 shall be fulfilled in all layers independent of the record
other recording layers (whether unrecorded, recorded or partially recorded) from thé intjer radius

of
of
ra
fu

2!

2]

TH
te

W
de

21

Al
C

25

the embossed HFM area(s) (start/end of the PIC zone) at nominal radius 22,4 mm up to

ng status

the inner

ius of the outer zone(s) + 20 um (dpzo/2 + 20 pm). It is recommended that the requirements are also

filled in the remainder of the outer zone(s).

b Method of testing for grooved area

.1 General

e tests shall be performed in the rewritable areas. The write and read operations necessafy for the

5ts shall be made on the same reference drive.

hen measuring the signals, the influence oflocal defects;such as dust and scratches, are exclu

led. Local

fects can cause tracking errors, erroneous ADIP infétmation or uncorrectable data (see Clajise 33).

.2 Environment

signals shall be within their specified rdanges if the disk is in its range of allowed environmental

ditions as defined in 8.1.1.

5.3 Reference drive

.3.1 General

Alf signals shall be measured in the appropriate channels of a reference drive as specified in} Clause 9

an

27

TH
be

Py

d in Annex H.

.3.2 Read power

e read power is the optical power, incident on the entrance surface of the disk. The read pqwer shall
(1,44 +0,10) mW for layer LO and layer L1 and (1,00 + 0,10) mW for layer L2 except when npeasuring

sh-pull signals. For measurement of push-pull signals, the read power shall be (0,70 + 0,10

mW.

2

.3.3 Read channels

The drive shall have 2 read channels as defined in 9.5 and 9.6. The HF signal from the HF read channel

sh

all not be equalized.

For measurement of the push-pull signals, the read channels shall be filtered by a first order LPF with
f-3 45 = 30 kHz.

For measurement of the wobble signals, the read channels shall be filtered by a first order LPF with
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25.3.4 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.

Local defects that cause large axial tracking errors shall be taken into account as described in Annex I.

25.3.5 Scanning velocities

The actu
132,000 |
signals. K
that it rd
956,522 1

25.4 De]

mhrotation speed of the diskshattbesuchthat it resuttsimamaverage chanmet-bit Tate
Mbit/s or an average wobble frequency of 1 913,043 kHz except when measuring push~p

sults in an average channel-bit rate of 66,000 Mbit/s or an average wobble fregirency
(Hz.

finition of signals

The amplitudes of all signals are linearly related to currents through a photodetector, and therefo

linearly r

blated to the optical power falling on the detector.

Some signals are normalized relative to the total detector current in an unrecorded, grooved area.

This tota

I =(1

Push-pu

The push
channel (
can be us

In genera
current (J
Formula

PP

nor

detector current is referred to as per Formula (57):

b+ IZ)groove (5

1 signal:

-pull signal is the low-pass filtered sinusoidal difference signal (/; - 1,) in the radial PP re
bee Figure 4), when the focus of the optical beam converges on the tracks. The push-pull sigy
ed by the drive for radial tracking (see Eigure 123).

1 + I5). The peak-to-peak value of this real-time normalized push-pull signal is defined as p

[58):

4

Il(t)—lz(t)} R T
)

L (£)+1, (t Seak-peak (11+Iz)att2 (11”2)3”1

of
111

or the measurement of push-pull signals, the actual rotation speed of the disk shall'be"such

of

e,

7)

hd
al

1, the difference signal (I; - I,) is\normalized relative to the low-pass filtered total detector

er

8)
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detector
current . |
(mA) 1 |
I I
I I
I I
I I
1, +1,) \/ !
sum signal : !
: |
! 1
! 1
| Uz = 12)max X
: |
! 1
! 1
! 1
0 |
(h-5) 4 : %) : - _» \
difference signal I . radial position

! I~ (time)
1 I
(11 - IZ)min : :

on Track on Track

Figure 123 — Definition of push-pull signals

The real-time normalized push-pull signal, PP
24 um? (see 1.9).

norme Shall'be converted for the photodetectpr size of

Wpbble signal:

The wobble signal Iy, is the peak-to-peak valye of the band-pass filtered sinusoidal differefce signal
(I{ - 1) in the radial lgP read channel (see-Eigure 4), when the focus of the optical beam fdllows the
tracks according to 25.3.4. See also Annex(E and Annex M for a measurement method.

The signal shall be normalized by the peak-to-peak value of the push-pull signal (/; - ) pp aS per
Fdrmula (59):
I
NWS=_—_Wpp__ (59)
(hi—h),,

26 Signals frotrHFM grooves

26.1 Push-pull polarity

The polarity of the push-pull signal is said to be positive if the signal has the same polarity as fhe push-
pyllsignal detected from the following pit/groove geometry:

— “on-groove recording” (see 15.2);
— the single pass phase depth of the grooves is less than 90°.
If the polarity is opposite to the polarity of the specified case, it is said to be negative.

The polarity of the push-pull signal on each recorded layer of the disk shall be indicated in the disk
information (see 15.8.3).

26.2 Push-pull signal

The peak-to-peak value of the real-time normalized push-pull signal, (PP in the embossed

HFM areas shall be as 0,26 < (PP ;. ypm)cony < 0,52

norm,HFM)conV'
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26.3 Wobble signal

The normalized HFM-wobble signal (NHWS) is a measure of the deviation of the groove track from its
average centrelines. Due to interference with the wobbles of adjacent tracks, the amplitude of the HFM
wobble signal shows a variation (called “wobble beat”).

At locations where the HFM wobble signal shows minimum amplitudes due to the wobble beat, the
NHWS shall be as per Formula (60):

0,30

<NHWS,. < 0,60 (60)

min —

At locatigns where the HFM wobble signal shows maximum amplitudes due to the wobble beat,t
NHWS shpll be as Formula (61):

NHWS, .. <3 x NHWS (4

NOTE
from the

m

Because the shape of the HFM wobble signal detected in the embossed HFM areas differs significan

suitable fgr measuring these HFM wobble signals.

26.4 Jitter of HFM signal

The binafized wobble signal from the HFM grooves represents theémbossed HFM information in t
PIC zone.[The jitter of the leading edges and the jitter of the trailihg edges of this binarized signal sh
be measufred separately relative to a PLL clock.

Both the leading-edge jitter and the trailing-edge jitter shalldbe <4,5 %.

The jitter|shall be measured under the following conditions:

— ac coppling (high-pass filter): first order, f 3 45.= 20 kHz;

— no edualization; and

— nornlalized by 18T clock period (see 15.5.4.2).

27 Signfals from wobbled grooves

27.1 Phase depth

The single-pass phasedepth of the groove shall not exceed 90°.

27.2 Push-pullsignal

The peal-to-peak value of the real-time normalized push-pull signal (PP,,.J)cony Shall meet t

followin

ol
S5

he

1y

Ly

vobble signal in the rewritable areas, the measurement procedure as described in Annex E is fot

he
hll

raguirementsin oach lauar:
FegqreeltSsi-eaea—ayer

— inunrecorded areas (all neighbouring tracks unrecorded):

0,21 < (PP

.. <045

norm,unrec,)con

— maximum variation of push-pull signal within 150 tracks in unrecorded areas:

(

PP

norm,unrec. >max ) (Ppnorm,unrec. )

(

min < 18
PP )max +(PP

norm,unrec. norm,unrec. )min

— maximum variation of push-pull signal within one layer in unrecorded areas:

186
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( PPnorm,unrec. )max ) (Ppnorm,unrec. )

min_<( 25

+
( l:)Pnorm,unrec. )max (Ppnorm,unrec. )min

— inrecorded areas (all neighbouring tracks recorded):

0’21 < [Ppnorm,rec.)conv < 0'45

— ratio of average push-pull signals in recorded and unrecorded areas within

PP
0,75<—DommIee -1 25

norm,unrec.

27.3 Wobble signal

27.3.1 General
The NWS is a measure of the deviation of the groove track from its ayerage centrelines. The distance

thpt the actual centre of the wobbled groove track deviates from the-average track centre lipe can be
calculated according to Annex M.

27.3.2 Measurement of NWS

variation (called “wobble beat”). The wobble signals shall be measured in an unrecorded afea while

Di:e to interference with the wobbles of adjacent tracks,.the amplitude of the wobble signaf‘ shows a
tinuously tracking the spiral groove. A measurenmient procedure is described in Annex E.

C

Afllocations where the wobble signal shows minimum amplitudes (excluding the effects of MSK marks),
NWS shall be 0,20 < NWS_;,, < 0,55.
Afllocations where the wobble signal shows maximum amplitudes due to the wobble beat, NWS shall be
NWS,ax S 3 x NWS_ ...

max —

27.3.3 Measurement of the wobble CNR

The narrow band S/N (or ENR) of the wobble signal after recording at nominal recording velo¢ity of the
difk as defined in 15.8:3, shall be greater than 29 dB at the locations where the wobble siginal shows
minimum amplitudes.

The carrier shall"be measured at 1 913,043 kHz, and the noise level shall be measured pt 1 MHz
(s¢e Annex E).

27.3.4 Measurement of harmonic distortion of wobble

Td guarantee a minimum quality of the HMW modulation, the second-harmonic distortion of tlhe wobble
i - . : L
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. Booth levels shall be measured in the data zone and in protection-zone 3.

The ratio of the SHD and SHL, normalized to the local fundamental wobble frequency level, shall meet
one of the following requirements:

— SHD/SHL < -12 dB with zero radial tilt;
— SHD/SHL < -6 dB within % 0,70° of radial tilt.
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The measurements shall be made using a spectrum analyzer (see Annex E).

28 Characteristics of recording layer
In this document, two types of signals are distinguished as follows:
— signals generated by groove structures on the disk;

— signals generated by User-written marks.

Clauses 48 to 31 specify a series of tests to assess the phase change recording properties of.the

recording layer, as used for writing data.

All requiements in Clauses 28 to 31 shall be fulfilled in all layers independent of the recording statjus

of other 1lecording layers (whether unrecorded, recorded or partially recorded) from thelinner radi
of the reyritable area (start/end of the INFO/OPC zone) at nominal radius 23,2 mm(up to the inn
radius of the outer zone(s) + 20 um (dpy/2 + 20 um). It is recommended that the requirements are al
fulfilled ih the remainder of the outer zone(s).

29 Method of testing for recording layer

29.1 General

The tests|shall be performed in the rewritable areas. The writerand read operations necessary for t
tests shall be made on the same reference drive.

When mdasuring the signals, the influence of local defects; such as dust and scratches, are excludg
Local defects can cause tracking errors, or uncorrectable data (see Clause 33).

29.2 Enyironment

All signals shall be within their specified rafiges with the disk in the range of allowed environmen
conditionfs as defined in 8.1.1.

29.3 Reference drive

29.3.1 (eneral

All signalls shall be measuted in the appropriate channels of a reference drive as specified in Claus¢ 9

and in Annex H.

29.3.2 Read power

S
er
SO

d.

Fal

\O

The read power is the optlcal power 1n01dent on the entrance surface of the disk and only used

(1,00 £ 0,1) mW for layer L2.

29.3.3 Read channels

The drive shall have 2 read channels as defined in 9.5 and 9.6. The HF signal from the HF read channel

shall not be equalized, except when measuring i-MLSE (see Annex H).

29.3.4 Tracking requirements

During the writing and reading of the signals, the axial tracking error between the focus of the optical

beam and the recording layer shall be maximum 55 nm at 2x reference velocity, or maximum 110 nm

at
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4x reference velocity. The radial tracking error between the focus of the optical beam and the centre of
the track shall be maximum 16 nm at 2x reference velocity, or maximum 20 nm at 4x reference velocity.

Local defects that cause large axial tracking errors shall be taken into account as described in Annex I.

29.3.5 Scanning velocities

All write tests shall be carried out at the speeds defined in each of the DI units that are present on the
disk (see 15.8.3).

D
bi
te
7,
26

5t (see 30.7) at 4x reference velocity with the disk contains a DI unit of DI format, 6)or
the actual rotation speed of the disk shall be such, that it results in an average gharnel
4,000 Mbit/s or an average wobble frequency of 3 826,086 kHz.

29.4 Write conditions

29

M
or
m

T}

w

T}

TH
Py
(s¢

29
TH

4.1 Write-pulse waveform

hirks and spaces are written on the disk by pulsing a laser. The laser power is modulated acqd
e of the write-pulse waveforms given in Annex F. A 2T to 9T NRZI run-length is written by 2
hlti-pulse train of write and erase pulses.

e write/erase power has four levels as follows:
the write peak power, Py;
the bias write power, Pgy;
the cooling power, P;
the erase power, Py;
nich are the optical powers incident on the entrance surface of the disk.
hrks are created by the write-peak power, Py, spaces are created by the erase power, Pg.
e values of Py, Pgy, Pc and P shall be optimized according to Annex G.

e actual powers Py )Pgw, P, and Py, for testing shall be within 5% of their optimum valul

ording to
pplying a

s, where

w» Pc and P shallbe proportional to Py according to the ratios € as specified in the disk information

ure 124.

be 15.8.3.3 and 15.8.3.4).
4.2 Write powers
e 0ptimized write powers Py, Pgwo, Pco, and Pgq shall meet the conditions as shown in Fig
Disk Type TL
Velocity | Power (mW) Min. Max.
Pwo (mW) 8,0 28,0
Ppwo (mW) 0,10 16,8
2 Pro (mW) 0,60 16,8
Pco (mW) 0,10 16,8

Figure 124 — Write power requirements for triple-layer disk
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In addition to the conditions shown in Figure 124, the write powers shall be such that

Pwo 2 Ppyo.

29.4.3 Average power

The average write power, P,y, shall be equal or less than 14,0 mW.

29.4.4

The test f

any grou
the disk.

The five t
in 29.4.1.
n times w

29.4.5 V

The test
(m-1), m,

To initiali

rite conditions Ior 1-MLSE measurement

pr i-MLSE (integrated-maximum likelihood sequence error estimation) shall be carried out
b of five adjacent tracks, designated (m-2), (m-1), m, (m+1), (m+2) in the rewritaple dreas

To measure the i-MLSE after n overwrites [i-MLSE @ DOW(n)], all five trdcks are overwritt]
ith random data with a write power Py, = Py,

Urite conditions for cross-erase measurements

for cross-erase shall be carried out on any group of five adjacent tracks, designated (m-

(m+1), (m+2), in the rewritable areas of the disk.

ze the measurement, the five tracks are recorded 10 tihies repeatedly with random data w

awrite p

wer Py, = Pyq as specified in 29.4.1. After that, the initial values of the needed parameters 3

measured. This initial condition is defined as the DOW(0)yg condition.

To measuyre the cross-erase after n overwrites (crosss¢rase @ DOW(n)y), the tracks (m-1) and (m+
are overwyritten n times with Py, = 1,1 x Py (all power levels shall be proportional to Py, see 29.4.1)

29.5 Definition of signals

The amp
linearly r

i-MLSE:
i-MLSE is

modulati
specific p

30 Sign

30.1 HF

itudes of all signals are linearly related to currents through a photodetector, and therefo
blated to the optical power falling on the detector.

a quality indicatéryof the signal in PR(1, 2, 2, 2, 1) ML reproduction system with 17
bn code. It is defined by standard deviation, o, that correlate with the error probability
atterns in PR{1,2, 2, 2, 1) ML reproduction signals (see Annex H).

als froem recorded areas

racks are recorded consecutively with random data with a write power Py, £'Fyy as specifipd

bn
of

cn

3

€,

pp
of

sighals

The HF signal is obtained by summing the currents of the four elements of the photodetector. These
currents get modulated by the different reflectivity of the marks and spaces representing the
information on the recording layer (see Figure 125).

30.2 Modulated amplitude

The modulated amplitude /g,

and space lengths. The peak value Ig, is the peak value of the HF signal before ac coupling.

190

is the peak-to-peak value of the HF signal generated by the largest mark
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The modulated amplitude I3, is the peak-to-peak value of the HF signal generated by the second
smallest mark and space lengths. The 0 level is the signal level obtained from the measuring device
when no disk is inserted.

NOTE In the sync patterns, run-lengths of 9T do occur. However, the recurrence of these 9Ts is very low and
therefore their influence on the HF peak-to-peak signal is negligible.

o “’Aﬂaaa;a.ﬁ.;
VAN \ 09.9.0.0.0.0.00,
‘v‘v‘v‘v‘v.v‘v‘v‘v‘v
\ R XN v AR R

'oyhﬁﬁr«o 0~4r<b<0 »;

-‘--‘.L

18L __________________________________
I 0 LEVEL

Figure 125 — Schematic representation of HE’signal from marks and spaces

Bgcause the I3 is a relatively small signal, its amplitude cannot be determined reliably from p random
HF signal. Therefore, it is recommended, for observation of I3, /Ig,,, to record an area with copsecutive
3T marks and spaces only and to record an areaith consecutlve §Pl" marks and spaces only. The signals
cain now be measured accurately with approptriate measuring equipment.

The modulation signal I, ,/Igy shall be converted by the photodetector size of 25 pm? (see L6).
The modulation signals shall meetthe following requirements:

— Ispp/lsn 2 0,40;

I3pp/15,, 2 0,040.

The variations of theqmedulation signals shall be as follows:

— Ughmax ~ Isu@nd/Isimax < 0,33 within one layer at DOW(0)(continuously recorded);
(Ustmax-=Vatmin)/Isamax < 0,15 within one revolution at DOW(0)(continuously recorded).
THe ratio-between the actual modulation signals (Igy,) on each layer shall be as per Formula ($2):
=0,25 < (Igpa 1, ~ Isna, i)/ Usna Ly + Isna i) < + 0,25 at DOW(0) (continuously recorded) (62)

where

Igy,,jand Igy, 1, are measured at the same position, both in radial and in tangential direction;
j=1,2 k=0,1 >k

The ratio between the reflectivity on each layer shall be as per Formula (63):
-0,33 < (Rgy,1j = Rgu i)/ (Rg,1j + Rgnui) < + 0,33 at DOW(0) (continuously recorded) (63)

where
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Rgy,1jand Rgy 1 are measured at the same position, both in radial and in tangential direction;
Igy, = Rgy x read power;

j=1,2 k=0,1j>k

30.3 Reflectivity-modulation product

The reflectivity of the disk multiplied by the I3 modulation (= normalized Ig,, modulated amplitude)
shall be (see Annex B) as follows:

I
RxM-= Rsﬂx(ﬂ] with 0,006 4 < R x M < 0,019 for layer L0 and layer L1;
I
conv

0,009 1 <R xM<0,027 for layer L2.

The refleftivity of the disk multiplied by the I3 modulation (= normalized I3,, médulated amplitude)
shall be af follows:

I
RxI, = wa(ﬂ] with R x I; > 0,000 48 for layer L0 and layek L1;
I
conv

R x13>0,00068 forlayer L2.

30.4 Asymmetry

The HF signal asymmetry shall be measured by averaged-'levels using combination of decoded signal
and HF signal without any equalization (see 1.7)

The HF signal asymmetry, A, shall be -0,10 < A, <+0,15.

30.5 i-MLSE@DOW(n)
The tracKs on which the i-MLSE is to be measured shall be recorded as specified in 29.4.4.

The i-MLPE shall be measured oir the centre track m of the five recorded tracks at 2 times refererjce
velocity.

After n overwrites (0 < n £10) track m, the i-MLSE in track m shall fulfil the following requirements:

— Onlayer LO: <1%0.% when measured using the circuit specified in Annex H;
— Onlayer L1: <’s11,5 % when measured using the circuit specified in Annex H;

— Onlayerd.2: <12,0 % when measured using the circuit specified in Annex H.

30.6 Cross-erase @ DOW(n)yg

The tracks on which the cross-erase is to be measured shall be recorded as specified in 29.4.5. After n
overwrites (0 < n < 100) tracks (m-1) and (m+1), the modulation and i-MLSE in track m shall fulfil the

requirement of Formula (64):

(18pp /181-1 ) at DOW(n)XE

>0,90 (64)
(Tspp /Ton )

pp/ "8H ) at DOW(0)yp

After n overwrites, the i-MLSE shall fulfil the following requirements:

— Onlayer LO: <11,5 % when measured using the circuit specified in Annex H;
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— Onlayer L1: <12,0 % when measured using the circuit specified in Annex H;

— Onlayer L2: <12,5 % when measured using the circuit specified in Annex H.

30.7 Read stability

Up to 106 successive reads from a single track with a dc read power and an HF-modulated read power
as follows:

— 1,44 mW for layer LO and layer L1 at 2x reference velocity reading; and

— 1,00 mW for layer L2 at 2x reference velocity reading.

Only if the disk contains a DI unit of DI format 6 or DI format 7 to support reading at 4x [reference
veocity as follows:

— 2,00 mW for layer L0 and layer L1 at 4x reference velocity reading; and
— 1,15 mW for layer L2 at 4x reference velocity reading.
The disk shall remain within all specifications in the operating environment.

Higher dc read powers and higher HF-modulated read powers shall be applied when specified in DI
byites 30 to 31 (see 15.8.3.3,15.8.3.4, 15.8.3.5 and 15.8.3.6).

The modulation should fulfil the following (see Figure 1263:

—| modulation frequency (= 1/ Typ.jaser) (400+%40) MHz;
— ratio of peak power and average power 2;0£0,2.

2

g peak...

3

£

+

=

o

2

AVEIrage. e v v imifrrrrrredrcrrerinhrieininleicinieleine

time

Figure 126 — Schematic representation of light pulses from laser diode

Additionally, the SER (see 34.2) shall be < 4,2 x 10-3 in any LDC block.
[Equivalent to <317 counts (= 4,2 x 10-3 x 75 392 bytes)].

In order to prevent the recorded signals from degrading, it is strongly recommended that dc read
powers and HF-modulated read powers of drives should not exceed the powers provided in DI bytes 30
to 31 at 2 times reference velocity.
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31 Local defects

Defects on the recording layer or in the transmission stack, such as “air bubbles” or “black dots” (such
as dust enclosures in the transmission stack or pin holes in the reflective layer), shall not cause any
unintended track jumping or uncorrectable errors (see also 33.4 and Clause 34).

The diameter of such defects shall be as follows:

— air bubbles: <100 pm;
—  blagkdotswith birefringence: <150 m;
—  Dblagk dots without birefringence: <150 um.

32 Chai

Clauses 3
this docu

User-wrifften data may have been written by any drive at any speed in any operating environment.

33 Method of testing for user data

33.1 General

The read

Whereas

deteriorafion of the read signals. The gravity of aidefect is determined by the correctability of t
ensuing drrors by the error detection and correction circuit in the read channel defined below. T

require

33.2 Enyironment

All signalis shall be within their specified ranges with the disk in the range of allowed environmen
conditionfs as defined in 8.1.1.

33.3 Reference drive

33.3.1

All signalk shall.be'measured in the appropriate channels of a reference drive as specified in Clause 9.

33.3.2

racteristics of user data

2 to 34 describe a series of measurements to test conformance of user data on the disk w
ment. They check the legibility of user-written data. The data is assumedto be arbitrary.

tests described in Clauses 32 to 34 shall be performed on the reference drive.

nts in Clauses 32 to 34 define a minimtim quality of the data, necessary for data interchan

eneral

ead power

Clauses 24 to 30 disregard local defects, Clauses 32 to 34 include them as unavoidalple

he
he
e,

al

The read power is the optical power, incident on the entrance surface of the disk. The read power shall
be (1,44 £ 0,10) mW for layer L0 and layer L1 and (1,00 £ 0,10) mW for layer L2.

33.3.3 Read channels

The drive shall have 2 read channels as defined in 9.5 and 9.6.

The HF signal from the HF read channel shall not be equalized and filtered before processing. For
measurement of the disk quality, the characteristics of the HF signal pre-processing shall be the same

as specifi

194

ed in Annex H for the i-MLSE measurement.
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33.3.4 Error correction

Correction of errors in the data bytes shall be carried out by an error detection and correction system
based on the definitions in Clause 13.

33.3.5 Tracking requirements

During measurements of the signals, the axial tracking error between the focus of the optical beam and
the recording layer shall be maximum 55 nm and the radial tracking error between the focus of the
optical beam and the centre of the track shall be maximum 16 nm.

33.3.6 Scanning velocities

The actual rotation speed of the disk shall be such that it results in an average Channel-Qit rate of
132,000 Mbit/s or an average wobble frequency of 1 913,043 kHz.

33.4 Definition of signals
Byte error

A byte error occurs when one or more bits in a byte have a wrong value, as detected by the reldted error
ddtection and/or correction circuits.

Burst error

A purst error is defined to be a sequence of bytes whexe there are not more than two coriject bytes
bdtween any two erroneous bytes. For determining burst errors, the bytes shall be ordered in/the same
sefuence as they were recorded on the disk (see 1.3.}and 13.8).

The length of a burst error is defined as the totalhumber of bytes counting from the first errongous byte
thpt is separated by at least three correct bytes from the last preceding erroneous byte, untjil the last
erroneous byte thatis separated by atleastthree correctbytes from the first succeeding errong¢ous byte.

The number of erroneous bytes in a‘burst is defined as the actual number of bytes in that burqt that are
ndt correct (see example in Figure\l27).

'
X C C C —-)@ X C C X C X X X C C C |...|] C K

<—— burstlength = 9 bytes ———
number of erroneous bytes in burst = 6

¢ = correct byte; x = erroneous byte

Figure 127 — Example of burst error

Symbol error rate

The symbol error rate (SER) averaged over N LDC blocks is defined as the total number of all
erroneous bytes in the selected LDC blocks divided by the total number of bytes in those LDC blocks as

per Formula (65):

N
Z izlEai

e 65
Nx75392 (63)

where
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is the number of all erroneous bytes in LDC block i;
is the number of LDC block.

symbol error rate

The random symbol error rate is defined as the symbol error rate where all erroneous bytes contained
in burst errors of length 240 bytes are counted neither in the numerator nor in the denominator of the
SER calculation as per Formula (66):

S

izl(E"i _Ebi )

NX7§

where

34 Min]

34.1 Ge

When chd
overwritf

34.2 Ra

Random
LDC blocl

34.3 Ma|

In each re
the sum d

34.4 Us¢

User-writ
any byte

¢
392-%'" E,
E,

1= 1
is the number of all erroneous bytes in LDC block i;
is the number of all erroneous bytes in burst errors = 40 bytes in LDGblock i;

is the number of LDC block.

imum quality of recorded information

neral

cking the quality of the disk, the area selected for'determining SER and burst errors shall
en 10 times with arbitrary user data.

ndom symbol error rate

SER after 10 times overwrites shalb'be <2,0 x 10-% averaged over any 10 000 consecuti
KS.

ximum burst errors

cording-unit block, the number of burst errors with length 240 bytes shall be less than 8 a
fthe lengths of theése burst errors shall be <600 bytes.

br-written data

errors;that cannot be corrected by the error correction system defined in Clause 13.

ten datasin a recording-unit block (RUB) as read in the HF read channel shall not contdi

6)

ve

35 Burst-cutting area {(BCA)

The zone between r; and r5 is reserved for use as a burst-cutting area (BCA) (see 15.2 and Figure 54).

The BCA shall be used to add information to the disk after completion of the manufacturing process.

The BCA code can be written by a high-power laser system or by the initialize 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 128).

196
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The BCA code shall be located between radius 21,3_%’% mm and radius 22,0+8'§ mm on layer LO. (The
BCA code is allowed to overlap the protection-zone 1 partially.)

The BCA code shall be written on the layer L0, but some effect of writing the BCA code on layer LO can
be visible on the other layers.

The BCA code shall be written as a series of low-reflectance stripes arranged in circumferential
direction. Each of the stripes shall extend fully across the BCA in the radial direction.

T
rafdius 22,0 mm on layer LO.

3 mm and

ThHe decision to record BCA code is BDAP-dependent. BCA code shall not be recorded injthe BCA unless
otherwise specified by the BDAP. The format and content of the BCA code is defited by agreement
bdtween the interchange parties.

Burst Cutting Area

Figure 128 — Schematic representation of BCA
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Annex A
(normative)

Thickness of transmission stacks in case of multiple layers

Al Ge

In case t
determin

— thev
— thev
— letD

— fora

D(n) can lpe expressed as Formula (A.1), using Formula (23):

D(n) 7

Then the

A.2 Re
The refra

A.3 Thiickness variatiomof transmission stack

The relat

RT].

The relat

12503 *

heral

ing the thickness of the individual layers as follows:

hlues d; .. d; represent the thicknesses of layers 1 ..k;

hlues n; .. n; represent the refractive indices of layers 1 ..k;

n) be the nominal thickness at refractive index n according to Figure-15;

L disk, the curves show the thickness of equivalent spherical aberration.

D(1,6) x g(n) (A

thickness dj, of layer k should be as per Formula (A¥2):

(n, )x[l—i D?'iq- )] (A

i=1 1

fractive index n; of all layers.in cover and spacer layers

ctive index n; of each layer in'the cover and spacer shall be 1,45 < n; < 1,70.

ve thickness of the'transmission stack j is defined as per Formula (A.3):

k d.

i=1
jve’ thickness, RT, of the transmission stacks, measured over the whole disk, shall fulfil t

e total transmission stack consist of k layers, the following procedure shall be applied|i

1y

2)

3)

followin

requirements.

a) Relative thickness, RT, of the transmission stack TS0: 94,0 < 100,0 x RT < 106,0.

b) Relative thickness, RT}, of the transmission stack TS1: 69,0 < 75,0 x RT; < 81,0.

c) Relative thickness, RT,, of the transmission stack TS2: 52,0 < 57,0 x RT, < 62,0.

NOTE

198

The thickness of recording layer is very thin and negligible in the calculation of the thickness.
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A.4 Thickness variations of spacer layers
The effective thickness of the spacer layer j is defined as per Formula (A.4):

k
ES; :Zdi xf(n;) (A.4)

i=1
ES,: Effective thickness of the spacer layer 1.

ES,: Effective thickness of the spacer layer 2.

E.: Effective thickness of TS2 or cover layer.

Fynction f(n) is defined in Clause 12 and shown in Figure 16. The effective thickness,means imaginary
value when refractive index is assumed to be 1,60.

The actual thickness (that can be measured by the method described in Aanex K) undef arbitral
refractive index is converted to the effective thickness under standard refractive index of 1,6(. Defocus
values of both the actual and effective thickness are the same. In this Annegydefocus is definefl as focus
pdsition movement of the light going through the transparent mediufmywith each thickness|and each
refractive index.

The effective thicknesses shall meet the requirement as per Forntulae (A.5) and (A.6):

ES. - (ES; + ES;) = 1,0 ym (A.5)

ES, - ES, > 1,0 um (A.6)

Al5 Example of thickness calculation

Agsume a cover sheet with refractive\ndex n; = 1,52 and a nominal thickness of 55,0 um ig attached
to|the Substrate which has layer L2.by-a gluing sheet with a refractive index n, = 1,58. In thif case, the
ngminal thickness of cover layer atindex n; = 1,52 and 1,58, in um, are calculated as per Formplae (A.7

and (A.8):

D(1,52) = D(1,6) x g(1,52)= 56,35 (A7)
D(1,58) = D(1,6)%4(1,58) = 56,81 (A.8)
wihere

D(1,6)" =570 um;
g(1,52) =0,9886;

g(1,58) =0,996 6 (see 12.3).
Then the nominal thickness of the gluing sheet, in um, is calculated as per Formula (A.9):

d,=56,81x| 1 5 )_1,36 (A9)
56,35

’

and the effective thickness of cover layer (ES_: cover sheet + gluing sheet), in pm, is calculated as per

Formula (A.10):
ES:=55%x1,0757+1,36 x 1,017 7 = 60,55 (A.10)
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where

f(1,52) =1,0757;
f(1,58) =1,017 7(see Clause 12).

The result shows that effective thickness ES_ is larger when refractive index n is smaller. Then, it is
better that that refractive index of cover layer (n. be smaller than those of spacer layers (ngq, ng,,

n )fro £l 1o H ot 1 £ o DC LG + nC 10 Al a
53 CIIC LIIC VIUVY lJUlllL Ul LIIC lC\.iull CIIICTIU U L“JC LLA;Jl l_n.’z) = 1,U '.»l.lll. 115U, llSz IlSl llc I

preferablp condition from the view point of the requirement of ES; - ES, > 1,0 pm.
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Annex B
(normative)

Measurement of reflectivity

B

TH
fo

TH
kn

AW
di
th
Be
ne

ms > W

1 General

e reflectivity of a disk can be measured in several ways. The two most common method
lowing:

parallel method; and

focused method.

own reflectivity, while the reflectivity disk is calibrated by the patallel method.

hen measuring the reflectivity in the focused way, only the lightpeturned by the reflective 14
5k (R,,) falls onto the photodetector. The reflected light coming from the front surface of thq

cause in the parallel method only the “total” reflectance (R,) can be measured, a calc
eded to determine the “main” reflectance from the reflective layer.

2 Calibration method

bood reference disk free of birefringence-shall be chosen, for instance with a 0,1 mm glass ¢
th a golden reflective mirror. This reference disk shall be measured by a parallel beam as
bure B.1.

s are the

e reflectivity of the disk is measured by the focused method with the help of a reference |disk with

yer of the
disk and

e light coming from the parasitic reflectance’s inside the/disk mainly falls outside the phot¢detector.

plation is

pver layer
shown in
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R/ s to
detector
r R
Il
inddent — 5
bdgam
Key
R reflpctivity of the recording layer (including the double pass transmission stack-transmission);
r reflpctivity of the entrance surface;
R.¢ reflpctivity as measured by the focussed beam (is by definition = R /Ig);
Ig incident beam;
R, reflectance caused by the reflectivity of the entrance surface;
R,  main reflectance caused by the reflectivity of the recording layer;
R, reflectance caused by the internal reflectance’s between fhé-entrance surface and the recording layer;
R,,  megsured value (Rs + R, + Ry,

Figure B.1 — Reflectivity calibration

The reflegtivity of the entrance surface is(defined by Formula (B.1):

_1V¢
r—(nzj (B 1)

where n if the index of refraction of the cover layer.

=]

The main|reflectance R§, >R/, - R, -R;, which leads to Formula (B.2):

2[Ry
(1=r) X(I——r]

. g 1_ry(7_R#\
I . )]

The reference disk shall be measured on a reference drive. The total detector current (the sum of all

4 quadrants = I, ;) obtained from the reference disk and measured by the focused beam is equated to

R, as determined above.

(Bf2)

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 Measuring method

Reflectivity in unrecorded, virgin rewritable areas
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A method of measuring the reflectivity using the reference drive.

a) Measure the total detector current, (I; + I,).. from the reference disk with calibrated
reflectivity, R ...

b) Measure the total detector current, (I; + 1), from a groove track in an area of the disk under
investigation where the groove track and the two adjacent tracks on each side of the groove track
never have been recorded nor erased.

c) Calculate the unrecorded virgin disk reflectivity, R
per Formula (B 3)-

(I +1);
=——XR B.3
g-v (11 +12 )refx ref (B.3)

g in the groove tracks of the rewritable area as

Réflectivity in unrecorded, erased rewritable areas
A method of measuring the reflectivity using the reference drive.

a)| Measure the total detector current, (I; + I,). from the peference disk with dalibrated
reflectivity, R

b)| Measure the total detector current, (I; + I,);, from a groove track in an area of the djsk under
investigation where the groove track and the two adjacenttracks on each side of the grgdove track
to be measured have been erased. Erasure of these tracks shall be done by irradiating the tracks
using only the, P;, power as determined from the OPG.algorithm (see Annex G).

c)| Calculate the unrecorded erased disk reflectivity, R

as per Formula (B.4):

(11+12)(;
=—= U %R B.4
g-e (11_”2 )refx ref (B.4)

g-er in the groove tracks of the rewritable area

Reflectivity in recorded rewritable'areas
A method of measuring the reflectivity using the reference drive.

a)| Measure the total detector current, (I; + I,) from the reference disk with dalibrated

reflectivity, R

refr

b)| Measure Igy from/a recorded groove track in an area of the disk under investigation|where at
least the twp~adjacent tracks on each side of the groove track also have been recorded. recording
of the tracksvshall be done using the optimum powers as determined from the OPC &lgorithm
(see Annex-G).

c)| Calenlate the recorded disk reflectivity, Rgy, in the groove tracks of the rewritable argea as per

Formula (B.5):

R =8 p (B.5)
8H — (I +1 ) ref )
1772 ref
NOTE When measuring the reflectivity on a recording layer, make sure that the corresponding portions of

all other layers are unrecorded.

B.4 Procedure for compensating stray light effect from observed reflectivity
The reflectivity obtained by applying the measuring method described in B.3 is influenced by the stray

lights which are caused by the reflection from other layers (see Figure B.2). Therefore, the observed
reflectivity shall be compensated to decrease the influence. Hereafter, the reflectivity obtained by
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applying the measuring method described in B.3 shall be referred as the observed reflectivity and the
reflectivity compensated using the procedure below shall be referred as the compensated reflectivity.

Layer LO

Layer L1
Layer L2

Stray lights
Reflection from the layer being

raodo it
rcavuuuc

Disk surface

Incident beam
focused on
Layer L1

Observed reflectivity

Figure B.2 — Influence of stray lights from other layers

The obsefved reflectivity of the reproduction layer can be compensated by the procedure below.
Following conditions are assumed.

a) Multiple reflection can be ignored.

b) Obsefved light is the sum of reflection from reproduction layer and all stray lights from pll
other layers.

c) Effecks of coherent optical interference on the detector surface is ignored.

d) The iptensity of the stray light spot projected on the detector is uniform. Thus, the detector outgut
of th¢ single stray light is proportional-te-the ratio of area of the stray light spot and photodetectpr.
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Layer L; lek Layer L; reproduction layer

PD

2Xr 2XIrxXM

2020(E)

In
2

TH
lay

Th
lay

wi

PDnorm
Stray light
d 5T —
y
layer index of reproduction layer
layer index of other layers
refractive index of the transmission stack
angle of incidence beam at interior of the disk, sina = NA/n
physical distance between layer Li and layer Lj
spot radius on the other layer: r = djtana
norm  Size of detector projected on the reproduction layer (see 9:4)
transversal optical magnification of the optical system
Figure B.3 — Ray trace of stray light
geometrical optics view, the radius of the stray light spot projected on the reproduction

ras shown in Figure B.3.

e areal ratio of the stray light spot from-layer Li and the detector, both projected on the rep
rer, is then derived as per Formula{B.6):

PD PD

_ norm __ norm

i~ 2 2
n(2r) n(Zdijtana)

ayer Li is

roduction

(B.6)

e observed light is the'sum of reflection from the reproduction layer and all stray lights from all other

Fers. Thus, the observed reflectivity of the reproduction layer Li is then expressed with Formula (B.7):
N
S;=Ri+ YR A; (N=2,3) (B.7)
Jj=0
(]
here
S; is the observed reflectivity (R ;, 5.\, R 1) o.s R giy) Of layer Li (including influence of stray light);
R;  isthe compensated reflectivity (R,.,, Ry., Rgy) of layer Li;

N is the number of recording layers of disk (2 for a TL disk).

For R, Formula (B.7) can be rewritten as S,_, =4 * R,_, using the vector and matrix representation,
where S, is the observed reflectivity vector in the unrecorded virgin layer, Ry, is the compensated
reflectivity vector in the unrecorded virgin layer, and 4 is the areal ratio matrix.
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Thus, the compensated reflectivity vector R, _, can be derived as Formula (B.8):
—A-1
Rg_V =A ~Sg_v (B.8)

For R, ., the compensated reflectivity in the unrecorded erased layer (R,..; can be expressed as

g-e,i
Formula (B.9):
N
Rg-e,i :Sg-e,i - ZRg-v,inj (N=2,3) (B.9)
i—=0

[j#i]
where S, 1 ; is the observed reflectivity of the unrecorded erased layer Li.

For Rgy, the compensated reflectivity in the recorded layer (Rgy ;) can be expressed as Foninula (B.10):

N
Ren,i FSai— O Rev j4j (N=2,3) (B.10)
Jj=0
L]
where Sgy, ; is the observed reflectivity of the recorded layer Li.
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Measurement of scratch resistance of cover layer

2020(E)

e entrance surface of the disk has sufficient scratch resistance, which may be~imprg
otective coating.
2 Taber abrasion test

e following so-called “taber abrasion” test verifies whether the scratch/resistance of the

o wheels covered with abrasive material are applied to the disk under test with a spec
e Figure C.1).

rotation axis of disk

rotation axis
£).. of wheels

.

rotat]
dired
of dis

ved by a

entrance

ified load

jon
tion
k

| H £l
TIITCTTIT OO

5h

~.
~.

.
~

O

“~~.__centre of disk

5 projection of ~ >~ .

rotation axis of wheels

Figure C.1 — Typical abrasive test setup

Conditions for the test:

The test setup shall be according to ISO 9352 with the following details:
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—  type of wheels: CS10F;
— load applied to each wheel: 2,5N;
— number of revolutions: 5.

The abrasion test shall be applied before the necessary recordings are made.

Results after test:

The i-MLSE_as specjfjed inAnnex H when measured on ]qynr LQ, shall be <14 04

Treatmept of the abrasive wheels:

Treatmerit of the abrasive wheels should be based on ASTM D1044/1],

Before pgrforming a Taber Abrasion test, each time both abrasive wheels should be refaced by an ST{11
refacing 4tone as follows:

— new Wheels shall be refaced for 100 cycles; and

— whedls that have been used before shall be refaced for 25 cycles.
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D/1 General

T}

49N 49N

10 seconds 10 seconds
\L Silicone rubber J/
stamp

.

adhesion of ink to stamp stamping with AFP

Figure D.1 — Applying AFP to disk

is annex describes a method of applying an artificial finger print (AFP) to the disk fer'the purpose of
dgtermining the disk's sensitivity to fingerprints. Figure D.1 shows the basic procedure.

3 ==

Ink pad Disk under test Disk under test

Affter applying the AFP, the random SER((see 33.4) in each physical cluster in the AFP-prifpted area,

wi

pHysical cluster, the number of burstierrors with length 240 bytes shall be less than 8 and t
the lengths of these burst errors shall be <800 bytes.

D

2 Specifications of stamp

The silicone rubber staimp shall have the following specifications (see Figure D.2):

— dimensions:Stamp shape @16 mm x @12 mm x 20 mm height; and

—{ shore hardness is A60.

nen measured on layer L0, shall be <4:2 x 10-3 when recording and reading through the AHRP. In each

he sum of
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\_/V

Figure D.2 — Stamp shape and preparation

To provile) the stamp with random scratches, it shall be abraded withysandpaper #240.

The sandpaper is moved slowly in one direction between 10:times and 20 times. The force on the
sandpapdr shall be between 4,9 N and 9,8 N.

Then the stamp is rotated over an arbitrary angle and théprevious process is repeated.

Rotating find abrading shall be repeated at least 30 tiifves.

D.3 Preparation of ink

The ink t¢ print the AFP shall be composed-of the following components:
— M: Methoxy Propanol (1-Methgxy=2-Propanol);

— T: Triplein (purity of at least 60 %);

— D: Sthndard Dust (aecording to specifications defined in JIS Z 8 901, selected grade: class [11
KANTO lIam).l)

The components M, Tand D shall be mixed in the mass ratio 240:20:8. The mixture shall be stirrpd
rapidly u$ing a plastic stick for at least 15 s by hand. Every time mixing the solution, the stirring stick
shall be cleaned-by ethyl alcohol.

D.4 Preparation of ink pad

To guarantee a fixed amount of ink taken up by the stamp, the ink is spin coated onto the ink pad, which
pad shall be an injection-molded polycarbonate Substrate without any pit or groove pattern. Just before
applying the ink on the disk, it shall be stirred very well, e.g. by ultrasonic vibration for at least 30 s.

While rotating the Substrate on a spinner at 60 revolutions per minute, within 10 s, at least 2 ml of the
ink solution is applied on it at a radius of about 12 mm (see Figure D.3).

1) For further information, contact the Association of Powder Process Industry and Engineering, Japan (http://
www.appie.or.jp/english/).
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spreading
the solution
by spinnig

solution
put on
Substrate

Figure D.3 — Spin coating ink pad

Affter applying the ink on the disk, the rotational speed shall be, 100 revolutions per minute for one
serond, then the speed shall be increased linearly to 5 000 revolutions per minute in 5 s, whfich speed
shill be held for 1 s (see Figure D.4). The spin-down time is net<ritical.

5000 r/min
pouring the
ink solution
<100 r/min
60r/min 4 100 r,/min \
<4+ rL—><€ ><4—>
0,1s¥Tys 1s 5s 1s

Figure D.4 — Speed profile for spin coating ink pad

D|5 Using ink pad and stamp

Thelrecommended location for applying ink to the stamp is around radius 30 mm.

The stamp can be cleaned with lint-free tissues, such as BEMCOT.

The stamp can be cleaned first with a tissue wetted with ethyl alcohol, after which it can be wiped off
with a dry tissue.
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Annex E
(normative)

Measurement of wobble amplitude

E.1 Mllasurement methods

The wobble signal and the push-pull signal shall be filtered before measurement. The wobble_signal
shall be f{ltered through a 16 MHz low-pass filter, the push-pull signal through a 30 kHz lowspass filter.

Because pf the wobble beat and the modulation of the grooves, it is very difficult to~determine the
wobble signals sufficiently accurately by normal oscilloscope measurement. Therefore)it is prescribed
to measufe the wobble signals by means of a spectrum analyzer according to thefollowing procedures
(while continuously tracking the spiral groove):

Step 1) Measurement of non-NWS

Under thg tracking requirements of 25.3.4, the push-pull signal shall-be measured by a spectrym
analyzer ith the following settings:

—  cenfre frequency: 1 913,043 kHz;

— sprall: zero span;

— resplution bandwidth: 30 kHz;

—  vidgo bandwidth: 100 Hz;

—  swg¢ep time: set it such that several beats in the wobble signal can be observed.

Under thgse conditions, the spectrum analyzer shows the RMS value of the input signal as a function|of
time (see|Figure E.1).
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Mkr1 533 ms -39,6 dBV
Ref -32 dBV Atten 0 dB  Mkr2 367 ms -46,4 dBV

Log
2dB/

-
-
=
>

TH
sp
th
St

Ne¢

St

St
T}

NWS . =

YA\ YA A \ N
WOAN AW W

Mkr2

Centre 1 913,043 kHz Span 0 Hz
Res BW 30 kHz VBW 100 Hz

Figure E.1 — Example of spectrumanalyzer showing wobble signal

e signal level at marker Mkr2 represents ghe minimum wobble signal WS, ;. in dBV. Be
ectrum analyzer measures RMS values, a.multiplication factor of 2 x V2 shall be added to
e measured value into volts peak-to-peak (-46,4 dBV in the example corresponds to 13,5 m)

Ep 2) Measurement of the non-nermalized push-pull signal

xt the open-loop push-pull signal (I; - 1), is measured (see 25.4):
Suppose for this example the value is 30 mVpp.

ep 3) Calculate the NWS

WS 13,5

=0,45

(2 )pp 30
Ep 4) Determine the wobble beat

e signal level at marker Mkr1 represents the maximum wobble signal WS, . in dBV.

rause the
translate

/Pp)-

The wobble beat is as per Formula [E.1]:

WS

max

WS

min = 6,8dBor NWS . =2,2x NWS_,.

Step 5) Measurement of the CNR of the wobble signal

(E.1)

Under the tracking requirements of 25.3.4, the push-pull signal shall be measured by a spectrum
analyzer with the following settings:
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—  centre frequency: 1 MHz;
—  span: Zero span;

—  resolution bandwidth: 30 kHz;

—  video bandwidth: 10 Hz;
—  sweep time: set it such that several beats in the wobble signal can be observed.
Under these-eenditions—thespectramanalyzer—showsthe RMS—~value-of-theneisesigratintheband

around 1|MHz as a function of time (see Figure E.2).

Mkr1 1,27 s -75,4 dBV

Ref -60 dBV Atten 0 dB
Log
2dB/

Mkr1l

— | -K__’—_‘_’
Centre 1,0 MHz Span 0 Hz
Res BW 30 kHz VBW 10 Hz Sweep 1,767 s

Figure E.2 — Example of spectrum analyzer showing noise signal

The signdl level at markerXMkr1 represents the level of the noise signal in dBV.
The wobljle CNR, in dB;-ean now easily be calculated to be as per Formula (E.2):

WS,.il — Noisehevel = - 46,4 + 75,4 = 29 (according to the example values) (Ej2)

Step 6) Méasurement of the SHD/SHL

This measurement shall be performed as indicated in 27.3.4.

Under the tracking requirements of 25.3.4, the push-pull signal shall be measured by a spectrum
analyzer with the following settings:

For fundamental frequency level measurements:
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— centre frequency: 1913,043 kHz;
—  span: Z€ero span;
—  resolution bandwidth: 10 kHz;
—  video bandwidth: 1 Hz;
—  sweep time: about 5 seconds.
Forsecond-harmonictevelmeasuremente——————————
—{  centre frequency: 3826,0 kHz;
—{ span: Zero span;
—{ resolution bandwidth: 10 kHz;
—{ video bandwidth: 1 Hz;
— sweep time: about 5 seconds.
Unjder these conditions, the spectrum analyzer shows the RMS(value of the fundamental frequency
leyels in the data zone and protection-zone 3 as functions of tinie, see Figure E.3.
Ref-10 dBm tten 10 d A-view B-view
1%3§/A I;Pz3
G S RN A . % 3dB
FDZ
Centre 1 913,043 kHz Span 0 Hz
Res BW 10 kHz VBW 1 Hz Sweep 5s
Figure E-3—Example-ef fundamental-webble freqieneylevelmeasurement

In Figure E.3, the lower trace represents the fundamental-frequency level measurement in any
rewritable area of the data zone, indicated as Fy;.

In Figure E.3, the upper trace represents the fundamental-frequency level measurement in protection
zone 3, indicated as Fpy3.

Fpz and Fpy5 values are determined at the average levels of the Fpy; and Fpy5 traces.

Likewise, the spectrum analyzer shows the RMS value of the second-harmonic levels in the data zone
and protection-zone 3 as functions of time, see Figure E.4.
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