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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 mainte
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 IS0 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
copnstitute an endorsement.

Far an explanation of the voluntary nature of standards,“the meaning of ISO specific t
expressions related to conformity assessment, as well as information about ISO's adh
the World Trade Organization (WTO) principles ifi’the Technical Barriers to Trade (
www.iso.org/iso/foreword.html.

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

THis fourth edition cancels and replaces-the third edition (ISO/IEC 30193:2020), which
technically revised.

The main changes are as follows:

— The missing condition of‘ pulse width regarding residual errors has been added.

complete listing of thesg’bodies can be found at www.iso.org/members.html.
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A;B; feedback or questions on this document should be directed to the user’s national standardls body. A
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Introduction

In March 2002, the Blu-ray Disc Founders (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™1D Rewritable format Part 1 version 1.0, with cartridge, was issued in June 2002.

The Blu-ray Disc Association (BDA) issued version 2.1 of the Blu-ray Disc™ Rewritable format Part 1 in
October 2005 and version 3.0, without cartridge, in June 2010.

To maintfin compatibility of the removable medium in the market, a standard alone is not enough| It
is necessary to check that the disks and devices can satisfy the specifications. The BDA also condugts
verificatipn activities for both disks and devices and has established more than 10 testing ¢enters|in
Asia, Eurppe and the USA.

Blu-ray™ disks, players, recorders and PC drives/software based on BDA standards;became popular
all over the world. The BDA gave consumer applications the highest priority in the firstfew years. Buf it
was known, of course, that international standardization would be required before many governmgnt
entities aind their contractors would be allowed to use Blu-ray Disc™. In January and February 2011,
the chair$ of ISO/IEC JTC 1/SC 23 and JIIMA (Japan Image and information-Management Associatign)
formally fequested the BDA to consider international standardization. The reason for this was to enalple
the inclugion of writable BDs along with DVDs and CDs in an internatjonal standard specifying the t¢st
methods for the estimation of a lifetime of optical storage media fortong-term data storage. In Octoler
2011, the| President of the BDA responded that the organizationfhad decided to pursue international
standard|zation for the basic physical formats for the recordable:and rewritable Blu-ray™ Formats.

In Decemper 2011, the BDA sent project proposals for interfiational 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
per disk) BD rewritable disk.

This docyment specifies the mechanical,(physical and optical characteristics of a 120 mm rewritalple
optical disk with a capacity of 100,0 Ghytes.

A few addlitional specifications are.required in order to write and read video-recording applicatiofs,
such as BDAV format which had-been specified by the BDA for use on BD rewritable disks. These
specifications, which are related to the BD application (BDAP), the file system or the content-protectipn
system, afe required for thedisk, the generating system and the receiving system. For more informatipn
about the|BDAP, the content-protection system and the additional requirements for the Blu-ray™ Formnjat
specificafions, see http?//www.blu-raydisc.info.

The Intdrnationalv Organization for Standardization (ISO) and International Electrotechnigal
Commissjon (IEE) draw attention to the fact that it is claimed that compliance with this document may
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.

1) Blu-ray™ and Blu-ray Disc™ are the trademark of products supplied by Blu-ray Disc Association. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO or IEC of the
product named.

X © ISO/IEC 2021 - All rights reserved
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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.
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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, in order to provide mechanical inferchange
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 codingmethod 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 stahdard 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/IEC 646, Information technology — ISO 7-bit coded character set for information interchangle

ISPA9352, Plastics — Determination of resistance to wear by abrasive wheels

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

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

3 Terms and definitions

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

© ISO/IEC 2021 - All rights reserved 1
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

31
BD
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 = 0,85 lens

Note 1 to ¢ntry: User data recorded on a disk is formatted using 17PP modulation and an LDC+BIS Code.

3.2
BD appli¢ation
BDAP
contents gtandard specified for a BD (3.1), e.g. a video application, which requires-area for a contept-
protectioh system and for its own defect-management system on the disk

3.3
channel bit
cbs
element y which the binary value ZERO or ONE is represented by pits (3.27), marks (3.19) and spades
(3.42) onfa disk

3.4
cover layer
transpar¢nt layer with precisely controlled optical propérties that covers the recording layer (3.33)
closest to|the entrance surface (3.10) of a disk

3.5
data zonge n
area between the inner zone and the outer zone-on layer Ln (3.17)

3.6
defectiv¢ cluster
cluster in|a user-data area (3.47) thathas been registered in a defect list as unreliable or uncorrectabjle

3.7
DSV
digital-sym value

arithmetic sum obtained from a bit stream by assigning the decimal value +1 to channel bits (3.3) set
ONE and the decimalwalue -1 to channel bits set to ZERO

ot

(o]

3.8

disk reference’plane
plane defjnied by the perfect flat annular surface of an ideal spindle, onto which the clamping zone of a
disk is clamped; that s Tormmat to the axisof rotation

39

embossed 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

2 © ISO/IEC 2021 - 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
ca bacarriad by c-l«‘n cnacar lnnnv- f’) /I1\ oF c-lnn ATy lnnnv- f') D (can Digira 1 oraoouac ara oo dta r‘]nfin the track

ToC-Carr ety o SpactT 1t cOv amy) Lu\.«\,l Tourc—T o T oo v ST oo tttoac

(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 (3.9) containing permanent information and control datj;
—| straight groove without any modulation in the BCA zone.

3.13
HFM groove
igh-frequency modulated groove

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

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

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

m
O otoTO S Y O CCTIT

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 ifp a drive to fill up the missing sectors in a 64K cluster, which cofisists of 32 sectors (3.40), w
all 00h d4ta when the host supplies less than the 32 sectors and needs<o fill up the cluster

3.26

phase chpnge

physical ¢ffect by which an area of a recording layer (3.33) is,irradiated by a laser beam and heated|i

order to dhange 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

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

R-M-W

process in a drive to read full content of a 64K cluster, which consists of 32 sectors (3.40), to replace
the sector(s) concerned and to 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 -times the reference velocity (3.36).

.p6
erence velocity
ear velocity that results in the nominal channel-bit rate ¢f 66 000 Mbit/s

B7
erved
alue> value(s) not used in this document
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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
mJnimum-size addréssable data part of a track (3.44) in the information zone (3.15)

3.41

spacer layen
transparent layer with precisely-controlled optical properties separating two recording layer§ (3.33)
3.112
space
area separating pits (3.27) or marks (3.19) in the tangential direction in the context of HF signals

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
TP

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

direction

3.46
transmission stack
TS

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

Note 1 to gntry: The transmission stack of a specific recording layer consists of all layers that are passed through

by the light beam, when accessing that recording layer.

3.47
user-dath area

collectior] of all data zone(s) on a disk, consisting only of the clusters in which user data-can be recorded

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 centreline

Note 1 to pntry: By modulating the sinusoidal deviation, the wobhle ‘provides address information and genefal

informatign about a disk.

3.50
zone
annular grea of a disk

4 Symbols and abbreviated terms

ac alternating current Isb least significant bit

ADIP address in pre<groove Lsup second harmonic distortion level
APC automatic‘power control Lgyy, second harmonic level

AU addrésgunit LSN logical-sector number

AUN address unit number MM MSK mark

BCA burst-cutting area MSB most significant byte

BIS burst-indicatingsubeode HSh mestsignificantbit

BPF band-pass filter MSK minimum shift keying

CAV constant angular velocity MW monotone wobble

cbs channel bits NA numerical aperture

CNR carrier-to-noise ratio NRD non-reallocatable defect

dc direct current NRZ non-return-to-zero

DCZ drive calibration zone NRZI non-return-to-zero inverting
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DDS disk definition structure NWL nominal wobble length
DFL defect list OPU optical pick-up unit
DI disk information PAA physical ADIP address
DL dual layer PAC physical access control
DMA disk management area PBA possibly bad area
DMS disk-mamagenrentstructure PHE permanentinformatiomrandeqntrol data
DOW direct overwrite PLL phase-lock loop
DOW(n) nth overwrite PoA post-amble
DOW(0) initial recording PP push-pull
DYV digital sum value pp peak-to4peak
DWP disk write-protect PrA pre=amble
ER emergency brake PSN physical sector number
E(C error correction code Ry relative humidity
EIDC error detection code RMTR  repeated minimum-transifion run-
length

EQ equalizer R-M-W  read-modify-write
FAA first ADIP address (of data-zone) RS Reed-Solomon (code)
F§ frame sync Ry relative thickness
FWHM full width at halfmaximum RSER random symbol error rate
Ghyte gigabyte RUB recording unit block
HF high frequency SER symbol error rate
HFM high-frequency modulated S/N signal-to-noise ratio
HMW harmonic modulated wave SPS start position shift
HPF high-pass filter STW saw-tooth wobble
HTL high-to-low Sync synchronization
Innws normalized HFM-wobble signal TL triple layer

amplitude
Inws normalized wobble signal amplitude TP track pitch
LAA last ADIP address (of data zone) TS transmission stack
LDC long-distance code Vet reference velocity
LPF low-pass filter wbs wobbles
LSB least significant byte WP write protect
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https://standardsiso.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC

30193:2021(E)

5 Conformance

5.1 Optical disk

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

5.2 Generating system

nnnnnnnnnnnnnnnnnnn atac 1o

in

A genera
accordan

5.3 Re

A receiving system shall be in conformance with this document if it is able to handle thétype of opti

disk acco

5.4 Compatibility statement

A claim of

imo—cuctana-chall bhao 1.0 af H i i+l wtical dicols b oo ao
lllS .)-yol,\,lll D1IIAIT UC 11T CUITIVUTI TIIAIICC  VVILILD LTI Ut uUuIIIcIIiv 11 vIIce UPLI\(UI UTOIN IU S\/“\I‘ dall o 10

re with 5.1.

ceiving system

ding to 5.1.

conformance by a generating or receiving system with this document shall include a statemg

optical d
reading a

listing ar{ other standards supported. This statement shall specify the@umbers of the standards, t

6 Con

6.1 Ley

Data is of]
For the cl

Frame:
Block:

Cluster:

Fragment:

6.2 Rej

A measu
specified

sk types supported (where appropriate) and whether support includes reading only or bo
d writing.

yentions and notations

rels of grouping

ten collected into groups where these groups of data can be collected into higher level grouj
hrity of the grouping hierarchy, in this document the following levels of hierarchy are used:

the lowest level of grouping-Generally, frames contain bytes of information.
the second level of grouping. Generally, blocks consist of a number of frames.
the highest levelof grouping. Clusters consist of several blocks.

a level of grouping that can be applied by the application. A certain amount of data is al
cated to a(fiXed) number of consecutive clusters.

presentation of numbers

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

al

nt
he
th

O_

EXAMPLE

The specification is: x=1,26

1

+0,01,
-0,02°

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

— ameasured value in the range 1,235 <x

a < 1,275 fulfills this specification.

measure

— The specification is: x < 0,3:
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a measured value X,.,cureq < 0,35 fulfills this specification

(rounding off is applied for 0,30 < X,o2sureq < 0,35: X =0,3);

rounded —

— The specification is: x < 0,3:

a measured value x 0,299 fulfills this specification

measured ~

(no 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 “minimum x units”, the measulred value
shpll not be rounded off before comparing to the specified value. Parameters given in thisway shall not
bd outside of the specified limits set by the exact value of x.

EXAMPLE 2

—| The specification is maximum 0,3 mm:

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

— ameasured value of 0,301 mm does not fulfil this specifi¢ation;
—| The specification is minimum 3 dB:

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

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

“«n

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

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

Nymbers in binary notations and bit patterns are represented by strings of digits 0 and 1) with the
most significant bit (msb) shiown to the left. The character x in binary numbers represents a digit 0 or 1.

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

Infa pattern of n bits;’bit b(,_;, shall be the msb and bit b, shall be the Isb. Bit b(,_;) shall be|recorded
first.

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

The setting of bits is denoted by ZERO and ONE.

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

In a field of 8n bits, bit b(g,,_;) shall be the msb and bit b,, the Isb.
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 b4,_4) shall be the msb and bit b, the lsb.
Bit b(4,_1) shall be recorded first.

A range of values is indicated as x ~ y, where x and y are included in the range.
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Alist of integers is indicated as i .. j. The list contains all numbers between i and j, including i and j (e.g.
k=0..7). If the step size is different from one, this is indicated as: i, (i+step) ..j (e.g. k=1, 4 .. 16, where

step = 3).

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

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

6.3 Integer calculus

div(n,d) 1
mod(n,d)

For exam

7 Gen

The 120
nominal t

The reco
reflectiorn

The reco
transparg
from the

with accy

This docu
the scratg

Data can
overwritf
and cryst]

The data
the amor

Dependin
cover lay|
transparé

epresents the integer part of the division of n by d.
represents the remainder of the division of n by d: mod(n,d) = n - d x div(n,d).
ple:
div(+11, +3) = +3 div(-11, +3) =-3 div(+11,-3) =-3 div(-11, -3) = +3
mod(+11,+3)=+2  mod(-11,+3)=-2  mod(+11, -3) = +2(\ mod(-11, -3) = -2
eral description of disk

mm optical disk that is the subject of this document consists of a substrate of about 1,1 njm

hickness. Clamping is performed in the clamping zone:

than the unrecorded layer(s).

bubstrate. On top of these recording layer, a transparent cover layer of about 57,0 um is appli
rately defined optical characteristies'(see Figure 1).

h resistance, the cover layer optionally can be protected with an additional hard coating.

be written onto the disk as’amorphous marks in the crystalline recording layer(s) and can

alline states of the'récording material.

bhous and thé crystalline states.

brit-spacer layer(s).

ding layer of the disk uses high-to-low (HTL) technology-recorded HTL marks have lower

rding layer consists of several layers. The’three recording layers are separated by tyvo
nt spacer layers whose thicknesses are about 25,0 pm and 18,0 pm, respectively, in this order

ed

ment provides for one type of such disk, type TL, whose capacity is 100,0 Gbytes. To improve

en with a high-power focused optical beam using the phase-change effect between amorphous

can be read with a low power focused optical beam, using the difference in the reflectivity|of

g on which recording layer is to be accessed, the optical beam passes through the transpargnt
br or \through the transparent cover layer, the semi-transparent recording layer(s) and the

For reference purposes, all layers together, passed through by the light beam when accessing a certain
recording layer, are called the transmission stack (TS) of that specific recording layer.

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.

10
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Top surface
Direction of

rotation
PR
<"
Transmission stack 0 4~ <— Recording layer LO
Transmission stack 1A <— Recordinglayer L1
Transmission stack 24 Substrate <«— Recording layer L2
YYVY
Cover layer
. / . Entrance surface
(Protective coating) for optical beam

Figure 1 — Outline of triple layer BD rewritable disk

Figure 2 shows the recording velocity requirements.

Disk-type parameters Recording velqcity
Disk type Mark Push-pull Layer
polarity polarity (see26.1) type 1x 2|x
Type TL HTL On-gidove? TL _ M

M Mandatory.
— Not allowed in this document.
aGroove geometry is on-groove for alllayer L0, layer L1 and layer L2 (see 15.2).

Figure 2 — Recording velocity requirements for disk type

8| General requiréments
8.1 Environments
8.1.1 Testenvironment

8.1.1°1." General

During measurements for testing the conformance of the disk with this document, the disk shall be in
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, Ry;: 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.
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8.1.1.2 Test conditions for sudden change in operating environment

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
(~10,4 g/m3%
T=25°C{RH=45% — T =55°C, RH =10 % (see Figure 3).

8.1.2 (perating environment

A disk in|conformance with this document shall provide data interchange over the specified ranges
of envirqnmental parameters in the operating environment. The operating enVvironment is the
environmjent where the air immediately surrounding the disk shall have the following properties:

— temperature, T 5°Cto 55 °C;

— relptive humidity, Ry 3% to 90 %;

—  abgolute humidity: 0,5 g/m3 to 30 g/m3;
— atrmospheric pressure: 60 kPa to 106 kPa.

There shgll be no condensation of moisture on the disk. If a-disk has been exposed to conditions outside
those spdcified above, it shall be acclimatized in an operating environment for at least 2 hours befdre
use.
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Absolute air humidity, g/m3
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Figure 3 — Operating environment
8.1.3 Storage envirenment
8.1.3.1 General
The storageenvironment is the environment where the air immediately surrounding the ogtical disk
shill haye'the following properties:
— temperature; T =10-2Cto55°€C;

relative humidity, Ry;: 5 % to 90 %;

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

atmospheric pressure: 60 kPa to 106 kPa;

temperature variation max.: 15°C/h;

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

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

— dryh

eat test according to IEC 60068-2-2 Ba:

T=55°C, Ry = 50 %, 96 h;

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

Thigh

After exp

(24hor4
814 T

8.1.4.1

As transportation occurs under a wide range of temperatures and humidities, for)differing perio
methods of transport and in all parts of the world, it is not possibleé\te’specify mandatgry

by many
condition

8.1.4.2

8.1.4.2.1

The form
agreemer|
taken int

8.1.4.2.2

Insulation and wrapping should be designed t¢-maintain the conditions for storage over the estimat

period of

8.1.4.2.3
a) Avoig
b) Avoig
c) Disks

d) The final box_sheuld have a clean interior and a construction that provides sealing to prevent t

ingre

=40 °C, Ty = 25 °C, Ry = 95 %, cycle time = (12 + 12) h, 6 cycles.

osure to these environmental conditions, allow for some recovery time before measuri
8 h).

ransportation

General

s for transportation or for packaging.
Packaging

General

of packaging should be agreed between sender and recipient. In the absence of such
It, the form of packaging is the responsibility of theé sender. The following hazards should
account.

Temperature and humidity

transportation.

Impact loads and vibrations
mechanical loads that would distort the shape of the disk.
dropping the disk(

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

ss of dirtand moisture.

8.2 Safetyrequirements

1s,

On
be

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.

8.3 Fla

mmability

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

better, as

14

specified in IEC 60950-1.
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9 Reference drive

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

conformance with the requirements of this document. The critical components of this device have the
characteristics specified in this clause.

9.2 Measurement conditions

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

9.8 Optical system

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

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

The optical system shall be such that the detected light reflected*from the entrance surface df the disk
is minimized so as not to affect the accuracy of the measurements.

L=T,+ 1y HF read channel

Radial PP read channel

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

Figure 4 — Optical system of reference drive

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

The optical beam shall be compensated for spherical aberrations (SA) such that these aberrations are
minimized for the thickness of the TS of the recording layer on which the beam is focused at the radius
where the measurement is to be performed.
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During measurements on one layer of a multi-layer disk, light reflected from the other layer can influence
the measurements on the layer under investigation. To cope with these effects, the photodetector
shall have limited dimensions. Its length and width shall be smaller than M x 5 um, where M is the
transversal optical magnification from the disk to its conjugate plane near the quadrant photodetector.
For a type TL disk, however, the effect cannot be neglected even if the length and width of photodetector
are smaller than M x 5 pm. Therefore, observed reflectivity shall be compensated using the procedure

shown in

BA4.

9.4 Optical beam

The focug
—  wa
—  pol
— NA

— ligh
ma

— ma

ed optical beam used for writing and reading data shall have the following properties:
relength (A) of the laser beam: (405 £ 5) nm;
hrization: circular;
0,85 +0,01;
t intensity at the rim of the pupil of the objective lens relative to the
Kimum intensity:
in the tangential direction: (©0 £5) %;
in the radial direction: (65 = 5) %;
ximum wave-front aberration at the recording layer(s): 0,033 x A rms;

(affer correction of tilt and spherical aberrations)

— ma

K

— nor

Kimum relative-intensity noise of the laser.diode: -125 dB/Hz

(5

bre
s the ac light density, in Hz;
is the dc light power.

malized detector:size: S/M? < 25 pm?

where S is the total surface o
the 4-quadrant photodetectdr;

f

—  reafl power for disk testing (average):
— llaver 1.0 and layer 1.1: (1.44 + 0,10) mW:
— layer L2: (1,00 = 0,10) mW;
—  write power and pulse shape: See 29.4.2 for the write power.

9.5 HF

The pulse shape shall follow

Annex F.

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 adding all the currents from all four elements of the photodetector (I +I,+I .+1;).

16
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These currents are modulated by the user-written information, due to the difference in reflectivity of

th

e marks and spaces caused by the phase-change effects.

In the frequency range from dc to 44 MHz, the HF read channel including the photodetectors shall
have a flat amplitude response within 1,0 dB relative to its dc gain. The group delay variation shall be
maximum 1,5 ns pp. in the frequency range from 6 MHz to 44 MHz.

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

9.

The radial PP read channel provides a tracking-error signal to control the servo for radial ti
the optical beam. It also provides a wobble signal from which the information modulated‘on th|

C

TH
of]

Th
an

9.
WY

oy
Cl
TH

In
th
sh

T}

Radial PP read channel

be retrieved.

e radial tracking error is generated as a signal [(/,+)) - (I.+]4)] related to the'difference in th
light in the two halves of the exit pupil of the objective lens.

e read amplifiers including the photodetectors in the radial PP(tead channel shall hd
plitude response within +1,0 dB relative to their dc gain from dc.fe16 MHz.

7 Disk clamping

ter diameters as the bottom clamping area (see Figure 5).
hmping shall occur between d,, = (23,5 £ 0,5) mntand d,,, = (32,5 + 0,5) mm.
e total clamping force shall be F; =2,0 N £0;5 N.

order to prevent warping of the disk under the moment of force generated by the clamping

all not exceed 0,5 N (see Figure §);
e top angle, 6, of the tapered cone for centering of the disk shall be 40,0° £ 0,5°.
dout |
. d;, : \\ ,
0, v

A

acking of
e grooves

e amount

ive a flat

hile its parameters are being measured, the disk shall*be clamped between two concentric rings
covering most of the clamping zone (see 10.6). The tep\clamping area shall have the same

nner and

force and

e chucking force, which is exerted.by the tapered cone on the rim of the centre hole of the disk, F,

A

F,

Figure 5 — Clamping conditions for measurement

9.8 Rotation of disk and measurement velocity

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

© ISO/IEC 2021 - All rights reserved
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All specifications are based on a tangential speed during reading that is equal to two times the reference
velocity, unless otherwise specified. This corresponds to a constant linear velocity of 7,375 m/s.

9.9 Normalized servo transfer function

In order to specify the servo systems for axial and radial tracking, a function Hy(iw) is used. It specifies
the nominal values of the open-loop transfer function H of the reference servo(s) as Formula (1):

1+3Xia)
1 (@ Y Wy [ @ \©
HN(ICO)=—><L_”J X — X[ T+—— 1)
3 |iw 10 iw
1+
3XCO0
wher¢
W =2mxf;
wy | =21 fo;
Wine | = 2m xfint;
i2 =-1;
K is order of integrator.

fo is the ( dB crossover frequency of the open-loop transfer furction. The crossover frequencies of the
lead-lag rletwork of the servo are given by:

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

The term|(1+w;,,/iw) in Formula (1) represent$-an integrator function. Such an integrator or equivalgnt
function |s used to further reduce low-fregiiency components, especially those due to deviations with
frequencies equal to the rotational frequency of the disk or its harmonics.

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

Another frequency of importance is the frequency f, at which a sinusoidal displacement with gn
amplitude equal to the maxium allowed residual tracking error, e, .., corresponds to the maximym
expected|acceleration, .52 This frequency can be calculated with Formula (2):

max:

o
fe b [Fmax 2)

T\ € 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 General

The applicable reference servo and conditions for measuring residual axial errors depend on the
measurement velocities under testing: measurement velocities for axial residual errors shall be a half
of the recording velocities, a reference servo for 1x measurement velocity refers to 9.10.2. Only if the
disk supports reading at 4x reference velocity, measurement velocities for axial residual errors shall be
a half of the reading velocities, a reference servo for 2x measurement velocity refers to 9.10.3. The servo
for all conditions has the same basics, however with a modified integrator.
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Regarding the open-loop transfer function H(f) of the reference servo for axial tracking, |1 + H(f)| is
limited as shown schematically by the shaded area in Figure 6.

Gain (dB)

54,6
529

40

20

Il e i e il

(%)

byl Formula (3), wher

digturbances, and
caused by this m x%]ax'

The crossover frequency, OQ

10 3 6\Oﬁ)0

-
’\C)

Figure 6 — Servo characteristic for axial tracking for 1x measurement velocity
Hy(f), in kHz (see
max = 6,0 m/s? is the maximum expected axial acceleration dug

s multiplied by a factor m = 1,25 for servo margin. The tracking ef
shall be 55 nm. Thus, the 0 dB crossover frequency shall be as follows:

1 xo 1 /3x1,25><6,0
fo=— Mz_ —_9=3,2
2 €max 2\ 55x10

T}[eég(%rator shall be first order (K = 1) with a crossover frequency of f; , = 100 Hz [see For

1x103 10 x 10® 100 x 103
Frequency (Hz)

9.9), used to define the limits of |1 + H(f)|, is

specified
e to local

TOT, €.

3

mulae (4)
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In the frequency range 100 Hz to 10 kHz:

0,9x[1+Hy (f)<[1+H(f)<LIx[1+Hy (f) )
In the frequency range 36 Hz to 100 Hz:
f 4,78
0,9x[1+Hy (f)S1+H(f)<LIx[1+Hy (fine )|><( 1}“ ) (5)
In the fregueneyrange-upte36-Hz{indB): ~
77,0%[1+H(f)|<97,0 (19"1/ 6)
The freqyency, f,, in kHz, has the value determined by Formula (7): ,\cb(b
| o1 [0 >
o )
fx=§;\/emi=§\/__9z1,6 Q/Q 7)
max 55x10 O\\
9.10.3 Reference servo for axial tracking for 2x measurement velocity\%
For the open-loop transfer function H(f) of the reference servo for axiQ tQacking, |1+ H(f)] is limited|as
schemati¢ally shown by the shaded area of the Figure 7. QQ
Gain (dB)
RN
o
G
100 . Q,$
97,0 W
77,0
i
60 :
e 60 ’ |
O P T
& 1
4 \e |
20 f ! '
é&“ 1
: T
|
1 10 66,5 200 1X 103 10X 103 100X 103
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
2 2mx3,2x10°
27mx ’
max=(Tf0)xemax=(f)><80><10'9=10,8 (8)

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

. ID M/s2, as per Formula (9):

2
2 27'cx3,2><103
(@), =¥x110><10'9 ~1438 ©)

max max
3

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

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

Friequency range 66,5 Hz to 200 Hz:

5,36
0,9x[1+Hy (f)|<1+H(f)|<1,IX[1+Hy (fint )|><[fi;t ] (11

Friequency 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 reference(servo 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 atAx reference velocity, measurement velocities for radial residual errors ghall be a
hqlf of the reading'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 is limited as
shown schematically by the shaded area in Figure 8.
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Gain (dB)

100
99,0

80
79,0

O
Figure 8 — Servo characteristic for radial track@} for 1x measurement velocity

7

56,6 F-——————-
=it A RS

40

20

LN

(@)
%% 105 100 x 10°
Frequency (Hz)
\\Q

1 10 36 100 1x103

&

The crosqover frequency, f;,, of Hy(f), in kHz (see ﬂ)@%d to define the limits of |1 + H(f)|, is specif(;ﬁd
by Formyla (13), where a,,,, = 2,2 m/s? is the worst-case maximum expected radial acceleration due
to local djsturbances, and «a,,,, is multiplied by ctor m = 1,25 for servo margin. The tracking errpr,
€max cauged by this m x a,,,, shall be 16 nm. Tthus, the 0 dB crossover frequency shall be as follows:
AN
£ _ 1 [3xmx0pay _i\/3x1,25x2‘?\;)3’6 )
2 €max 2\ 16
The integrator shall be first ordef.with crossover frequency f;,, = 100 Hz [see Formulae (14) to (16)].
In the frefjuency range 100®t0 10 kHz:
0,9xL+Hy (f)|< &f)|31'1x|1+HN(f)| (14)
In the fre quenq@ge 36 Hz to 100 Hz:
&?‘ f, 4,78
0,9x[LEHy (FSIL+H(FISTAX{1+Hy (finy )IX( ‘jf‘t ) (15)
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):
o
fel JLL \/Lzl,g a7
2n\ epax 27\ 16x107°
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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 X103

10 X103 100 X 103

Frequency (Hz)

Figure 9 — Serv @acteristic for radial tracking for 2x measurement velocity

Th
m
2

e 0 dB crossover

ency f, shall be 3,6 kHz, the same as the 1x measurement conditio

hximum residua@cking error of 20 nm (see 11.5.3), this corresponds to an acceleration, d
as per For 8):

n. For the
nax 1N M/

\'e 2
é?ﬂxfo )? (21tx3,6x103 ) 9
o ————xe = x20x107" =3,4 (18)
é{?‘ 3
TheTmtegratorsiattbesecomdorder (K =2  witirthe crossover frequency f,; = 200 Hz {see Formulae (19)
to (21)].
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Frequency range 200 Hz to 10 kHz:

0,9x|

1+Hy (f)|sP+H(f)|<1,1x[1+Hy (f)| (19)

Frequency range 66,5 Hz to 200 Hz:

5,36
0.9xL Hy (<[ HUISLAx(L Hy i L2 20)
Frequencjrangetpto-66;5-Hz{indB3
[1+H|(f)|>79,0 (41)

10 Dimlensional characteristics

10.1 Gel

Dimensio
and comy]
of the elé
requirem
the outsiq

heral

atible use of the disk. Where there is freedom of design, only the functional characterist
bments described are indicated. The enclosed drawing, Figukeé 10, shows the dimensior
ents in summarized form. The different parts of the disk are\described from the centre hole
le rim.

First transition area Second transition area

Clampin Rim
Centre pihg Information area area
hole . zone | , |
DI
1 1 1

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).

nal characteristics are specified for those parameters deemed mandatory for interchanige

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.

24
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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 atlayer 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).

!
|
| Detail of smooth transition
| ~
| 1
I Clamping zone
|
I . dg Information area Rim area
| ; d
1 7
b /7 I [o]
| e *l A<
| ——
| = HON SEob - By
. © N
! < & & AN
| R S ;
i n J —&"a‘ E .Q:,: 1
[ = N B . ——t=
: - ey i e
i < g <
| / / P = dyq
i /
[ Cover layer
Detail of the edge of . . . | Entrance surface
Detail of Protection ring
centre hole ]
@ 1
_ i
i
- I
= o od., T M —
[e] /A
/ /s 4 5
Figure 11 — Details of disk dimensions
I Centre’hole
é 1
i Iy Recording layer LO
! "a Substrate l /
i —

Cover layer

Turn table

—_—

Figure 12 — Details of disk reference planes P and R and recording layer LO
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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).

+0,10

The diameter of the centre hole shall be d, =15,007,"),; 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 roundmg radius shall be max1mum re = 0 1 mm. The helght of the chamfer shall
be maxinpa—0-1-mm : 3% : : : has

shall be

The maxi

naximum h1 = O 25 mm from disk reference plane P (for the detalls see lgure 1 )

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. Betweéen 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-1 1.

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.
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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(

Th
an

On each recording layer, the data zone shall be locatedhgtween the inner diameter, dpy;,, 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 [;. If h;¢ > 0,2 mm, then the slope do
b surface of the information area shall be smooth and /; 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

pulL 1.1

nsition 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, dp7;, on recording layer Lmishall be dpyy, :48,0_(8‘% mm and the outer
70 On recording layer Ln shall be dp;, < 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 10

the outer

diameter,

ralled the

e total thickness of the disk in‘the information area is as specified in 10.3.
Information area
[nner zone Outer zone
! < > Information zone <
L. <
i
i -]
!__
i Lead-in Data zone Lead-out
i (Lead-out) (Outer)
| zone zone
[
P
/// : dDZl
g | dpzo
/f—
. [ dyo
/f—

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:

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

— data zone 0;

— outey
On recorg
— outer
— data
— inney
On recorg
— inner
— data
Lead-out
On layer |
On layer I
On layer 1

Recor

Recof

Recor

zone 0.

ling layer L1:
zone 1;

yone 1;

zone 1.

ling layer L2:
zZone 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

L2, the spiral groove shall run from the inner side of the disk towards the outer side of the di

Substrate

dinglayer LO  Lead-in zone

/\ Data zone 0

Outer zone 0

Spacer layer

/ \ —> Spiral direction

/ \ Data zone 1

Outer zone 1

/ \ <€— Spiral direction

ding layer L1 lnner zone 1
Spacer layer
ding layer L2 Inner zone 2

/ \ Data zone 2

Lead-out zone

Cover layer

/ \ —> Spiral direction

K.
K.
K.

Inner side
of disk

Optical beam

Figure 14 — Subdivision of information zone

Outer side
of disk

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.
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Outer zone 1 shall start at diameter minimum 117 mm and shall end at the beginning of data zone 1 at
diameter dpyo4.

Inner zone 1 shall start at the end of the data zone 1 dp;;; and shall end at the beginning of data zone 1
at diameter dp; (.

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

1(0.9 Rim area

The rim area is the area outside the information area, starting at d;; and exténding to fhe 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 olitside the
entrance surface in the information area.

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

In[the rim area, the surface at the read-out side of the disk midy be inside the entrance surface in the
information area by maximum hy, = 0,12 mm (see Figure 14):

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

11 Mechanical characteristics

11.1 Mass

The mass, m, of the disk shallbe 1Z g<m <17 g.

11.2 Moment of inertia

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

11.3 Dynamic inibalance

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

11.4 Axial runout

1141t Generat

When measured by an optical system using the reference servo for axial tracking, and the disk rotating
at a half of the recording velocity, the distance between each recording layer 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 (equals 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.

'k : &1 LI | 1 L} h 1. L} 1 1 i 1 1 1 L 4 1 1 4 1 4 1 1 11
Spl €S 1In[me resaudl axidr ot dLI\lllE CIlI1TUI blslldl UUC LU 100l UCITCLS, SULIT d5 UUSU dIlU SCIAdLLUIICS, SITH
be excludgd.

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

This meaps 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 kHzto"10 kHz, measurged
with an iptegration time of 20 ms and using the reference servo for axial traeking, shall be maximym
32 nm. The measuring filter shall be a Butterworth BPF from f_; ;5 = 1,6ckHz 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 residpal axial tracking error of each recording layer for frequencies below 3,2 kHz, measured usipg
the refergnce servo for axial tracking as specified in 9.10.3, shall be maximum 110 nm (displacement{of
the objective lens needed to move the focal point of the opticdl beam onto the recording layer) with the
disk rotating at 2x reference velocity, 7,375 m/s, and withthe read power refers to 9.4.

Spikes in|the residual axial tracking error signal dueto local defects, e.g. dust and scratches, shall pe
excluded| For 2x measurement velocity, local defects that cause large axial tracking errors shall pe
taken int§ account as described in L.10.

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

This meahs that for frequencies <3,2:kHz the maximum local acceleration of the recording layer in the
direction|of the reference axis A dées not 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
acceleratjon at frequencies below about 400 Hz can reach values up to 45 m/s2. The rms noise value|of
the residfial error signal in'the frequency band from 3,2 kHz to 20 kHz, measured with an integratipn
time of 19 ms, using theseference servo for axial tracking, shall be maximum 32 nm. The measuripg
filter shall be a Buttetworth BPF, from f 3 45 = 3,2 kHz with slope = +60 dB/decade, to f_3 45 = 20 kHz
with slopp = -60 dB/décade.

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

11.5 Radial runout

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

The radial runout of the tracks in each recording layer (including eccentricity and unroundness) shall
be measured by an optical system using the reference servo for radial tracking while the disk is rotating
at a 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 (equals f,, see 9.11.2), measured using
thf reference servo for radial tracking as specified in 9.11.Z, shall be maximum 13 nm wjith the disk
rofating at 1x reference velocity, 3,688 m/s, and with the read power at (0,70 + 0,10) mWfor|any layer
ofla TL disk. It is recommended to measure the residual radial tracking-error signal in @short{period to
avjpid deterioration of the read stability at 1x reference velocity.

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

The rms noise value of the residual error signal in the frequeney.band from 1,8 kHz to 10 kHz, x:easured
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 nn 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/s2,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_5 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 scrat

ch 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

onof arime shalll 1 Jurodescribed ind D

12 Optical characteristics in information area

12.1 Gel
The folloy
These sp
gluing lay
in case of

12.2 Ref

If the layze
Annex A 1

The refra

1,45 <

12.3 Th

The aver:
TS (TSO, 1

The thick
to h) belo

In Figure
spherical
index 1,6

g(n) 3

heral

ving requirements shall be fulfilled within the information area of the djsk.

ige thickness between radius.r; and radius ry is called the reference thickness of the relat
'S1 or TS2) on the disk (see\10.2 and Figure 12).

nesses of TSO, TS1 apd TS2, measured over the whole disk, shall fulfil the requirements in
W:

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

pcifications of the TSs include all possible layers on top of the recording layer concerned (.

ers in case of foils, the spacer layers and all the semi-transparentirecording stack of layer
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):
ns<170 (2
ckness of transmission stacks\(TS)

2)

a)

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 TS 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 indm()

b)

f)

g)

h)

12
In

It
of]

a)

.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 requiremer
12.3 are@lways fulfilled for a refractive index of 1,60.

b)

The thickness of TS1 (all layers on top of layer L1), as determined by its refractive indej
within the middle shaded area in Figure 15 (In case of a refractive index of n, the thicknes
between 69,0 x g(n) um 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 indejy
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 thg
thickness as a function of the refractive index).

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

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

The thickness differences shall meet the requirement € - (S; +S;) 21,0 yumand §; - S, 2
S, S5 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 pin:

Thetthickness of the spacer layer1 (S;) should be 25,0 ym + 2,0 um.

(, shall be
s shall be
thickness

(, shall be
thickness
b nominal

n 20,0 um

n 13,0 um

[,0 um [C,
hultiplied
and n is

reference

meet the

ts a) to f)

Phe thicknessofthe snacerlaver?2 (S VY shouldbe 190 um +2 0 um
r J 27 TO T =—&yo—r

c)

The thickness of TS2 (equals C) should be 57,0 um + 2,0 pm.
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Fjgure 15 — Thickness of transmission stacks\‘g%) as function of reflective index
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.5 Reflectivity of recording layers

conditions of Annex.B-as follows:

in unrecorded virgin grooves:
— of Jayer L0 and layer L1:

— and of layer L2:

1,55 1,60, %65 1,70 1,75

Refractive index of the §pacer layer

refractive index, n

e reflectivity of each retording layer in the information zone, including transmission
e TS concerned, shall fulfil the following requirements independent of the recording stat
her recording layers((whether unrecorded, recorded or partially recorded) under the mea

Ry, = 1,5 %to 4,0 %;
Ry, = 2,2 %to 4,0 %;

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

through
us of the
surement

In unrecorded erased grooves:

— oflayer LO and layer L1:

— and of layer L2:

— ateach location on the disk:

in recorded grooves for the first 10
— oflayer L0 and layer L1:

— and of layer L2:

© ISO/IEC 2021 - All rights reserved

Ry.e = 1,4 %to 4,0 %;

Rg.e =2,0 %to 4,0 %;

0,75 x Rg_V < Rg_e <1,25 % Rg_v;

DOW cycles:
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0,75 x Ry, < Rgyy < 1,25 x Ry ,,

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

12.6 Birefringence

The in-plane birefringence of the TSs shall be (see Annex ] for the detailed definition) as per
Formula (25):

An, <15 x 104

The perp
Formula

An, <

12.7 An

The anguy
reference
to 1,0 mnj
layer and

[26):
1,2 x 1073

pular deviation

Yo

endicular birefringence of the TSs shall be (see Annex | for the detailed definition) as ¢

(2

lar deviation is the angle, 6,, between a parallel incident beamf-perpendicular to the dij
plane P, and the reflected beam. The incident beam shall have a‘diameter in the range 0,3
. The angle, 6., includes deflections of the entrance surface andtack of parallelism of the coy
or spacer layer (see Figure 17).

Cover layer

Substrate Recording layer

Read-out
surface

.

é Reflected beam
?Incident beam
Eicure 17 Definition of ancular deviation
Figure 17 Definition-ofan g dev 1
The requirements for the angle 6, are as follows:
— in the radial direction:
— under the normal test conditions specified in 8.1.1: [0, | max. = 0,60

under the “sudden change” test conditions specified in 8.1.1: |0, |,,ax. = 0,70

— in the tangential direction:

36

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

(25)

m
er
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13.1 General
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The data received from the source (application or host), called user data frames, are formatted in a
number of steps before being recorded on the disk (see Figure 18).

(1 932 channel bits
=1 288 data bits)

User data User control data
32 sectors
32 frames 32 units
X 2 048 bytes X 18 bytes
v
Data frame
32 frames
X (2 048 bytes data
+4 bytes EDC)
y
Scrambled data frame | Phys. sector number
32 frames Addr. unit number
X 2052 bytes 16 addresses x 4 bytes
y Primary addr. fields y Y
Data block 16 addresses x 9 bytes | Access block
304 columns ﬂ N\ 24 columns
216 rows Addr. fiel @ 30 rows
16 addresses X tes
v v
LDC block BIS block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity A 32 rows parity
\ 4 v
LDC cluster BIS cluster
152 coldmns 3 columns
496 rows 496 rows
/ 7 7
v ¥y X ¥y X 4 X
LDC BIS LDC BIS LDC BIS LDC 496 rows divided in
16 address units
38col. |[1col] 38col. |[1col| 38col. |1col. 38col of 31 rows each
ECC Cluster
(155 columns )
_______ A o
Frame dc dc dc 496
sync ]%e%ta contr| D: Sta contr| Djéa contr] | recording
20 frames
Physicalcluster ——— >

Figure 18 — Schematic representation of encoding process

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

and an LDC cluster.
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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:

an ECC cluster, subdivided into 16 address units;

— aphysical cluster, consisting of 496 recording frames.

The data on BD rewritable disks is recorded in 64K partitions, called clusters, containing 32 data
frames with 2 048 bytes of user data. These clusters are protected by two error correction mechanisms

as followy.

The comh

All the d
direction
modulati

The errot
bursterr

First
Reed
overd

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

of (6]
cont
by m

the datais protected by along-distance error-correction code (LDC), consisting of (248,216,3
LSolomon (RS) code words. This code has ample parities and interleaving length with a go
1l efficiency and can correct both random errors and burst errors.

,30,33) RS code words. These BIS code words carry addresses for allecation purposes a
ol information belonging to the user data. They can also be used to indicate long burst erro
bans of which the LDC can efficiently perform erasure corrections.

ination of these two codes is called an “LDC+BIS code” (see Figute 19).

hta is arranged in an array as indicated in Figure 19. This‘array is read in the horizon

bn, and insertion of synchronization patterns.

-correction codes are applied in the vertical dire¢tion, which gives a good basic break-up
prs on the disk. Additionally, the LDC code wordshave been interleaved in a diagonal directiq

38 1 38 1 38 1 38
Bync bytes byte bytes byte bytes byte bytes

N
< 7 < <

v

<

3)
bd

ts
hd

al

row after row, and recorded on the disk after insextion of additional d.c. control bifts,

of
n.

496
rows

| D Ds, B, D5gyte... Doe B, D¢ .. Di13 B, D14 Disy T
Digy .o Dygg B, D g0 wermeeeens
Address| 31

unit 0 [ rows

data stream
_— s S | —

2
2

on disk

IR Y o \ SO R SRS R P -

Address| 31
unit 14 roxlxvs

________________ [N EEDEDEDEDUDR DU RPN EpEp ___________¥_

Address| 31

....... D75 391

unit 15 [ rows

Figure 19 — Schematic representation of physical cluster on disk

Address units:
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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
over the disk (including the inner and outer zones) are called physical sectors. All physical sectors have
a virtual number assigned, called the physical sector number (PSN). These PSNs are not recorded onto
the disk; however, they are synchronized with the AUNs.

Lagical sectors:

Not all physical sectors are available for storage of user data delivered by the application or |host. The
inher and outer zones are excluded. The remaining sectors are available for storing user datl and are
called logical sectors.

13.2 Data frame

A |data frame consists of 2 052 bytes: 2 048 bytes of user data and(@\bytes of error-detedtion code
(EDC). The 2 048 user data bytes are identified as ud, to ud, (4, and.the 4 EDC bytes as ed, ,g|to ed; 51

(s¢e Figure 20).

T ud, T
2048
user data :
bytes g 2052
J ud, 047 bytes
T i\‘o ed; g4
4 ed; 040
EDC bytes ed; o=
b ed, g=q J

Figure 20 — Data frame

13.3 Error-detection-code (EDC)

The 4-byte field€ds"),g to ed, 451 shall contain an error-detection code computed over the 2 (48 bytes
of|user data. GenSidering the data frame as a single bit field, starting with the msb of the [first user
ddta byte (udy) and ending with the Isb of the last EDC byte (ed, 5;), then the msb is b;¢ 415 apd the Isb
ispy.

Eqch’bitb; of the EDC is shown in Formula (27) for i =0 to 31:

0
EDC(x)= Zbl-xi =I(x)modG(x) (27)
i=31
where
32 .
I(x)= 2 b;x';
i=16 415

G(x)=x32 +x3 +x* 1.
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13.4 Scrambled data frame

Each data frame consisting of 2 052 bytes of user data + EDC shall be scrambled with the output of the
circuit defined in Figure 21 in which bits s, (msb) to s, (Isb) represent a scrambling byte at each 8-bit
shift.

The heart of the circuit is a linear-feedback shift register (LFSR) based on the polynomial as per

Formula (28):
D) =x10+x15+x13 + x4+ 1 (28)

—_—

So to s;5 fprm a 16-bit shift register. At each shift clock, the content of s, shifts to s,,; (n = 0 .. 14){ Whj
Sg is set tp s;5 D s14 D s1, D s3 (Dstands for exclusive-or).

e

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

— ;5 shall be set to ONE,

S14 - $¢ shall be set to PS;q .. PS; of the PSN (see Figure 21).

The samgd 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 SEREEEE sl Is| [s]s S
3 2|2 il | 1] |1 8 |7 |54 0
1 4 3 9 6
\\ YYVVYVVYVY
Parallel —>(s|s| s <«— Shift clock
load 111 1 S[{S[S|[S|S|S|S|S
54l (2 716|5/4(3|2|1/0
|/\ Jan b
NNV \V

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 ti cAndiha {-‘nl]nunnn 2 051 hutac are 'l'ﬁ]rnh Fv'r\m S c acthn mw-nml-\l e bhyutac S _+o
SahRa+t1e-+6116 HE~=oorByteSare+tark 5757 a5+t1e-5€%F RE-BYyte5>1t6 ._.Z 05T

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.

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).
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- 32 frames N
0 1 : F : 31
T do, do, : do : dg 31
dy d : dy : dy 3
2052 : : : : :
bytes
d; 050,0 d; 0s0,1 : d; 050, : d; 950,31
| <2 Uo LU FAVSE - 2 Uo L I" - £2Uo1, 51

Figure 22 — 32 scrambled data frames

frame into 9,5 columns as shown in Figure 23. This new array is called a data‘block. It should be noted

THese data are rearranged into an array of 216 rows x 304 columns by dividing each scraHtj)led data
led data

thpt every even scrambled data frame ends halfway down a column, and(eyery odd scra
frgme starts halfway down a column.

“«— 304 columns —
0 1 9 10 18 19 303
T dog dy160 : dy 9440 d108¢L:~\ d;g364 do, : dy gadz;
d;g dy170 : dygs50 dl@jl\ : dig3zg d;, : dy g7z
: : : : QY : : : : 2
: : : d, g=0.0 N
216 : : : dzos‘}o
rows : : | odgy
N
. . . d11
diges
{ dy1s0 dyze : dig74 d3zzs : dyosig | doiso : d; g51f31

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

13.6 LDC bloek

The bytes if'gach column of the data block are renumbered as shown in Figure 24 starting from the top
ofleach cetumn as follows: ey ; e; | .. €;; .to €yy5;, in which L represents the code word number (= the
column'‘number: 0 to 303).

Tl I Do .l 1 H ) PR R ) 4= L 1 £l 1 ad=l [aXal ads. 1 b= d'
ITCTLODC UIOCRTIS LUIIIPICiTU Uy TALTIIUIIS TAUID UL LT CUTUIIITIS  WILIL O 4 pPdI'Ily Dy LTS dlLlUL lng tO a

(248,216,33) long-distance RS code. The parity bytes are numbered: py16 ; P217,, . Pj1 - O P247,1.
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304 columns
«— —
Code word | Code word Code word Code word | Code word
0 1 L 302 303
0 T €0,0 €0,1 €o,L €0,302 €0,303
216 €10 €11 €L €1,302 €1,303
rows €0 : : : :
with ;
1|{LDC data
codg word > €215,0 €215,1 €215.L €215,302 €215,308
=248 T P216,0 P216,1 P216,L P216,302 P216;303
blytes 32 : : : : :
rows
with
parity :
\2 \2 P247,0 P247,1 P247,1 P24%,302 P247,303

13.7 LD

The long
field GF(2
per Form|

p(x) =

The sym
represent

Each LDC
over GF(Z
a polynot
degrees ©
to the paj

lic(x) isa
as per Fol

g(x)

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). The non-zero elements of the fin
8) are generated by a primitive element @, wheré@is a root of the primitive polynomial p(x)

hla (29):

B+xt+x3+x2+1

(2

bols of GF(28) are represented. by bytes (groups of 8 bits), using the polynomial-bg
ation, with (a7, a®, a5, .., a2, a, 1}.as a basis. The root « is thus represented as @ = 00000010

code word, represented bysthe vector Iy, = (€g |, -- ;1 - €215, P216,1 - PjL - P247.), is @ RS co
8), having 32 parity bytessand 216 information bytes. Such a code word can be represented
hial [;.(x) of degree 247 {(possibly having some coefficients equal to zero), where the highg
porrespond to the infgrmation part of the vector (e, ; .. etc.) and the lowest degrees correspo

ity part of the vector (py4 ;- €tc.).

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

'mula (303:
31

)

(3

de
by
st
hd

—

S

0)

=0

The LDC is systematic: the 216 information bytes appear unaltered in the highest degree positions of
each code word. The parity check matrix H, . of code Iy is such that H . x ;. = 0 for all LDC code
words Iy

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

hLDC 2

42

= (@*¥, a?*% .. a?,a, 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*¢olumn| then the
fifst 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 Co,2 : : €0,302 T
€01 €03 : OV €0,303
432 €10 ) : : €1,302
rows €11 €13 F XM : €1,303
with : : : : :
data : : Ay
€2150 €2152 : : €215302
1 €2151 €157 : : €215,303 496
T P216,0 P2162 : : P216302 rows
Paica1| . ('\S’216,3 : : P216,303
64 P217,0 H_2,17,2 : : P217.302
rows P2iz1. P2173 : : P217.303
With . . . . .
parity N7
P2ag.0 P2472 : : P247302
! 7 Poazs P2473 : : P247303 {

Figure 25 — First step of interleaving

13.8.3 {Second interleaving step

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

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

After this process, the bytes are renumbered in the horizontal direction through all the rows resulting
in the numbering D, to D;5 394 as indicated in Figure 19.
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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 imglemented

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 AF,, AF, : AFy : AFg s
Address-unit [ AF,, AF,, : : : AF; 15
numbers : : : : : :
9 AF. ABN : AF. ¢ : AF. .«
bytes Flag bits AF, AF, | : AF, ¢ : AF, ;¢
AF; AF : AFs ¢ : AF; 15
Parities : : : : : :
J AE3, AFg, : AFg : AFg .

13.9.2.2 Byte assignment for address fields

Figure 27 — 16 address fields

Bdfore describing/address fields, primary address fields, which consists of address-unit number, flag

bits and paritybytes, 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, ¢ 214 SB of the address-unit number;
PAF, ¢ 3rd SB of the address-unit number;
PAF; ¢ LSB of the address-unit number;
PAF, ¢ flag bits:  These bits can be used to indicate a status of individual data frames in a clus-

PAFs ;.. PAFg g:

ter 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 13.9.2.4.
Flag bits not used shall be set to ZERO.

parity bytes for forming an (9,5,5) RS code over the primary address field.
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This RS code is defined over the finite field GF(28). The non-zero elements of the finite field GF(28)
are generated by a primitive element a, where « is a root of the primitive polynomial p(x) as per

Formula (32):
pX)=x8+xt+x3+x2+1 (32)

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

Each primary address-field code word, represented by the vector pafc = (PAF, ¢..PAF, .. PAF; (), isa RS
code overf GF(28) having 4 parity bytes and 5 information bytes. Such a code word can be represented
by a polyhomial pafc(x) of degree 8 (possibly having some coefficients equal to zero), where the ighg¢st
degrees ¢orrespond to the information part of the vector (PAF .., etc.) and the lowest|degredes
correspond to the parity part of the vector (PAFs .., etc.).

pafc(x) is| a multiple of the generator polynomial g(x) of the primary address-field,code word. The
generatof polynomial is as per Formula (33):

3

g(x):H(x—ai) (33)

i=0

The primary address-field code is systematic: the 5 information,bytes appear unaltered in the
highest degree positions of each code word. The parity check matfix Hpspc of code pafc is such that
Hpppc * ppfcT = 0 for all primary address-field code words pafc.

The secopd row hpppc » of the parity check matrix Hp,pc corrésponding to the zero a of the generator
polynomigal g(x), defines the code word positions to be usedfor error locations. This second row hp, g »
of the paijity check matrix Hpg is given by Formula (34):

hpapch = (@8 a’.. a?, a, 1) (34)

Address flields are defined as the following by-partially inverting primary address fields:
AF, ¢=PAF g;

AF| ¢=PAF; &

AF, ¢ = al|] bits inversion in PAF, ¢

AF;¢= al| bits inversion in PAF; ¢

AF, =PAF, g;

AFs ¢ = al| bits inversion in PAF; g;

AF¢ ¢ = al} bit§ inversion in PAF g;

AF; s = PAFs;
AFg ¢ = PAFg g,

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).
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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:

— AU3; .. AU; shall be a copy of PS5 .. PSs from the PSNs;

— AU, .. AU; shall count from 0 to 15 inside the physical cluster; (l/
— AU, shall be reserved. (bq/
Physical sector number (PSN) Q'\
A _5
s~ MSB ) , B T
P P P pl [P P RANEIRE P
s s| s s| IS S NV s s S
3 2 2 1 1 ( 54 0
Y 3 6 5
IS
Ol count ZERO
Address-unit number (AU <( —
IBEARRE z\rﬂr{)lr }\lll
\ A\ |AJAJA A A A N A A
U LERREE A AR R,
2
1 8|7 [6 15 |4 3 7 1{0
7
N
N
R,
N
F ¥ ¥ ¥ [
m 1 m N 1 m 1 m
B Bl Bl sl B AL B
PAF, ¢ _WAOPAF ¢ PAF, ¢ PAF;¢
(@) l D -
Flag bits I>C
Q N
C)() v N
%C)’ PAF,
%\ Parity bytes Primary address field
paN A,
AN/ "'
5
<V y PAF; ¢ PAF, PAF, ¢ PAF
&dk %? \Jig
% =
Address field
AF,,
= AF
AF,; |
AF,; [=
AF,, |=
AF,
= AF,
AF,
AFg

Figure 28 — Composition 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, by bs b, b, b, b, b,
Byte
AF4—,S

AF, Sa, Saj Sa, Saj IdT, Rd;: Rsv Rsv

AF, Sa,, Saz Sa, Saz IdT, Rd,, Rsv Rsv
qu Sa Sa Sa Sa 1dT Rd Rsu Rswu

4,1 o, 1 4,U o,U 5] 13

AF,; Sag 4 Sa; Sag Sa; IdT, Rd,, Rsv Rsv
AF,, Sag Sag Sag Sag IdT, Rdy; Rsv Rsv
AF,s | Sajpq | Sajqq | Sajgg | Sajy | IdT, Rd;, Rsv Rsy
AF,¢ | Sajpq | Sagzg | Sajpg | Sagsy IdT, Rd, Rsv Rsv
AF,; | Sajyq | Sajsy | Sape | Sagsy IdT, Rdg Rsv Rsv

AF,g | Sajeq | Say;q | Sage | Sayqg Rsv Rd, Rsw Rsv
AF,q | Sajgy | Sajg; | Sajgy | Sajgy Rsv Rd, Rsv Rsv
AF, 10 | Sayeq | Sayq | Sayee | Sagzg Rsv Rd. Rsv Rsv
AF, 11 | Sazyq | Sazsy | Sapy | Sazsy Rsv Rd, Rsv Rsv
AF, 15 | Sazyy | Sagzsy | Sazye | Sagsg Rsv Rd, Rsv Rsv
AF, 13 | Saze: | Sazsq | Saze | Sazsy Rsw Rd, Rsv Rsv
AF,14 | Sayg; | Saygq | Sazgg | Saygg Rsv Rd, Rsv Rsv
AF, 15 | Sagg; | Sagyq | Sagg | Saggg Rsv Rd, Rsv Rsv

Rsv: Reserved unless otherwise specified by the BDAP.

Figure 29 — Flagbits from 16 address fields

Status bits Sa, ; (0 <i< 31, 0 <j < 1):Because each cluster contains 32 data frames and there are only [16
address ynits, each such addressunit shall hold the flag bits for 2 data frames (see Figure 29).

Bit b; and bit bg of the successive'flag bytes AF, sare defined as status bits Sa, ¢, and Sa, o, respectivly,
for data frame 28.

Bit by and bit b, of thevsuccessive flag bytes AF, ¢ are defined as status bits Sa,g,;; and Sa,g{
respectively, for dataframe 25+1.

Bits b; and b ef‘all flag bytes AF, ¢ shall be reserved unless otherwise specified by the BDAP.

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

IdT, (see Figure 29).

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

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):

Rd;s to Rdg: These 7 bits shall represent the actual year — 2 000 as an unsigned binary number with
Rd;5 as the msb;
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RdgtoRds:  These 4 bits shall represent the actual month as an unsigned binary number with Rdg as
the msb;
Rd, toRdjy:  These 5 bits shall represent the actual day of the month as an unsigned binary number

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 Usage of status bits Sa; ;

E4
Th

Sa

In
m

Fu
dn

In
be

Cd

if
if

A
3
J

ch pair of status bits Sa; ;/Sa; , is used to indicate the status of an individual data framein
e following settings are defined:

1/5a;0 = 00: data frame contains general user data;

01: data frame contains specific user data that is allowed to be disearded during 1
ify-write (R-M-W) actions;

11: data frame contains padding data inserted by the driveto complete cluste
recording them onto the disk;

Other: reserved unless otherwise specified by the BDAP.

the user-data area, all status bits Sa; ; /Sa; , should be set £0\01 in clusters being written in “st
pde.

rthermore, the status bits Sa;,/Sa; , shall be set to,11"in data frames that have been insert
ive to complete clusters before recording them onto the disk (padding).

all other cases, where the data for data frame™ is supplied by the host, the status bits Sa,
set to 00.

nsequently:

ba; 1/5a; o is set to 00, the content.of data frame i shall be conserved during R-M-W actions.

ba; 1/Sa; is set to 01 or 11;~""the content of data frame i may be discarded during R-M-W a

In case of doubt about the reliability of some Sa; ;/Sa; ( bits, the

Sa;  shall be considered as having the value 00).

.9.3 User.caentrol data

Fgr
citrol data unit is called a sector. Each user control data unit consists of 18 bytes (see Figure

a cluster.

ead-mod-

rs before

reaming”
ed by the

Sa; o shall

rtions.

rontent of

the related data frame i shall be conserved during R-M-W actigns (Sa;/

accessing the user data, special control data can be added to each user data franmhe. These
additional bytes can carry the BDAP-dependent information. A user data frame accompanied t

y its user
30).
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<« 32 units -
0 1 S 31
) UCy, UCy, UCy s UCy sy
UCy, UGy, : UC; 5
18 bytes :
L UG5 UCs74 UG5 UCs754

Figure 30 — 32 user control data units

13.9.4 Byte/Bit assignment for user control data

The user fontrol data bytes are BDAP-dependent. If this setting is not specified by an/BDAP, these bytes
shall be spt 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
a special pre-interleaved way.

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

The 3 gro

in the firdt, third and fifth row, starting with address 0 and each successive address shifted cyclically

positions|to the left (see Figure 31).
The 3 grdups of bytes of each of the addresses 8 to 15 are placed in a diagonal direction in‘the seco(;L
fourth and sixth row, starting with address 8 and each successive address shifted cyclically’3 positi
to the leff.
Within edch group of bytes in the third and fourth rows, the bytes are shifted cyelieally to the left oy
one-byte position.
Within e3dch group of bytes in the fifth and sixth rows, the bytes are shifted/cyclically to the left oy
two-byte|positions.
Mathematically, this mapping of the address bytes into the ac€ess block can be represented
Formula (35):
Byte AF, } shall be allocated in:
row r =2 x div(x,3) + div(y,8);
(x,3) (r8) 35

(@)

The user
fills 34 of

13.11 B
The byte

top of eagh column as follows:by by ¢ .. b; ¢ .. to b,g ¢, where C represents the code word number (=t

column n

The BIS block is completed by extending each of the columns with 32 parity bytes according td
(62,30,33)) RS code. Theparity bytes are numbered: pbs - pb3q .. pb; .. to pbg; ¢

52

ps of bytes of each of the addresses 0 to 7 are placed in the access blockin a diagonal directi

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

contro data unit is placed in the column direction, whereby each user control data unit of
h column (4 user control data units.in'3 full columns; see Figure 31).

[S block

in each column of an access block are renumbered as shown in Figure 32 starting from t|

imber: 0 to 23).

w

d,
s

er

er

Pt

y

he
he
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13

T}
ar

Fdarmula (36):

TH
re

E3
oV
by
hi

b
pe

correspond to the papitypart of the vector (pbsq ¢ ..,

i§

<« 24 columns -
Code word | Code word Code word Code word | Code word
0 1 Cc 22 23
T T b0,0 bo’l bO‘C b0,23
b1,0 bl,l bl,C b1,23
30 : : : :
information by :

1 RIS hyfpc . :
code word 2 b4, byq byo ¢ b4 23
= 62 bytes 3T2 pbsg pbsg, pbso ¢ pbip 23

parity bytes
\ \ Pbg1 pbgy 4 pbgi ¢ pb{; 23

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

$.12 BIS code words

e BIS RS code is defined over the finite field GF(28), Fhe non-zero elements of the finite fig
e generated by a primitive element a, where « is a root of the primitive polynomial p

px)=x8+xt+x3+x2+1

e symbols of GF(28) are represented by bytes (groups of 8 bits), using the polyno
presentation, with (a7, a®, @3, .., a%,@1) as a basis. The root « is thus represented as a = 00(

ch BIS code word, represented by the vector bis = (bg ;.. b; ¢ .. byg ¢ Pb3g ¢ - Pb; ¢ .- Pbgy ), is

1d GF(28)
X) as per

(36)

mial-base
00010.

A RS code

er GF(28), having 32 parity-bytes and 30 information bytes. Such a code word can be represented

a polynomial bis(x) of-degree 61 (possibly having some coefficients equal to zero), v
bhest degrees correspond to the information part of the vector (by . .., etc.) and the loweg
etc.).

(x) is a multiple:ofthe generator polynomial g(x) of the BIS code word. The generator polynd
r Formula (372):

31

9 =T (xr-o)

i=0

fhere the
t degrees

mial is as

(37)

Tt

o BIS caode is cvcfnmafu‘ the 30 information }\vfnc appear unaltered in the ]fnn']'\ncf Hnnrnn

of

each code word. The parity check matrix Hgg ‘of code bis is such that Hgg x bisT =

words bis.

pOSlthHS

0 for all BIS code

The second row hgs , of the parity check matrix Hgg corresponding to the zero a of the generator
polynomial g(x), defines the code word positions to be used for error locations. This second row hgs , of
the parity check matrix Hgs is given by Formula (38):

hgis o = (@01, a®0 .. a2, a, 1)
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IS cluster

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

496 rows

x 3 columns. This newly formed array is called a BIS cluster.

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

e=0to 2 (see Figure 33).

The essentials of the BIS interleaving scheme are the following (see Figure 32 and Figure 33 and the

examplespiaHigure34-andHigure 35):

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

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

— the 3fbyte groups from an even row of the BIS block are placed each in the same-row of units 0 td 7,
whereby the units are used in reverse order (according to their numbering).
The fjrst 3-byte group of each successive row of the BIS block shall be placéd in a unit with a numHber
which is one higher than the start unit used for the previous row as follows:
— 1ow N =0 of the BIS block is placed on rows r = 0 of units: 0476, 5, .., 2, 1;
— 1w N = 2 of the BIS block is placed on rows r =1 of units:»1, 0, 7, 6, .., 3, 2;
— 1ow N =4 of the BIS block is placed on rows r = 2 of@nits: 2,1,0, 7, .., 4, 3;
— dtc,, this process is repeated cyclically until raw N=60, which is placed on rows r = 30 of unifs:

4,54,3,..,0,7;

— now, within each unit, each row r is shifted ¢yclically to the right by mod(r,3) positions: so row r# 0
is nof shifted, row r = 1 is shifted 1, row.rn=2 is shifted 2, row r = 3 is not shifted, row r = 4 is shifted
1, etq

— for tHe odd rows of a BIS block, the'same kind of procedure is followed, but then using the units 8|to

15.
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“— 3 —
columns
T T B, B, B, T T
31 :
I N N - Bog_____] Bop _L___l___
T Bys By, Bys
31 : : :
S S U S S S R
S RSN Yu__
T T
496 | 6
rows 31 e Ir units
rows | «———
v LN
e R R R EED G bl EEEEEEE
31
J J B1 457 J

Figure 33.— BIS cluster

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

Byte by, - or pby, ¢ (see Figure 32) i§ placed as follows:

— in unit:

u = mod{[div(N,2) + 8=/div(C,3)],8} + 8 x mod(N,2) (39)
— onrow:

r = div(N,2) (40)
— in cecelumn:

&= mod{[C + div(N,2)],3} (41)

The byte number m, giving the sequence number, B, as the physical cluster is written to the disk (see
Figure 19) as per Formula (42):

m=@ux31+r)x3+e (42)
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Byte number N, C from BIS Shift right | Filling in upward direction
block (= mod(r,3))
Columne
Unitu Rowr 0 1 2
0 0 0,0 0,1 0,2 0 Start of block row N =0
1 2,5 2,3 2,4 1 T Continuation of block row N = 2
2 4,7 4,8 4,6 2
3 6,9 6,10 6,11 0
7 14,23 14,21 14,22 1
8 16,1 16,2 16,0 2 Start of blockrow N =16
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 End of blockrow N= 0™
1 2,2 2,0 2,1 1 Start of block row N.= 2
2 4,4 4,5 4,3 2
3 6,6 6,7 6,8 0
2 0 0,18 0,19 0,20 0 g‘\J
1 2,23 2,21 2,22 1 End of block row N = 2
2 4,1 4,2 4,0 2 Start'ef block row N = 4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 0,17 0 .
1 2,20 2,18 2,19 1
2 4,22 4,23 4,21 2
3 6,0 6,1 6,2 0 Start of blockrow N=6
4 0 0,12 0,13 0,14~ 0
1 2,17 2,15 2516 1
2
5 0 0,9 00~ [ 0,11 0
1 2,14 212 2,13 1
2
6 0 0,67 0,7 0,8 0
1 2511 2,9 2,10 1
2 4,13 4,14 4,12 2
7 0 0,3 0,4 0,5 0 T Continuation of block row N = 0
1 2,8 2,6 2,7 1 T Continuation of block row N = 2
2 4,10 4,11 4,9 2
7 14,2 14,0 14,1 1 Start of block row N = 14
30 60,21 60,22 60,23 0 End of 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 Shift right | Filling in upward direction
block (=mod(r,3))
Columne
Unitu Rowr 0 1 2
8 0 1,0 1,1 1,2 0 Start of block row N = 1
1 3,5 3,3 34 1
2 5,7 5,8 5,6 2
3 7,9 7,10 7,11 0
8 17,1 17,2 17,0 2 Start of block row N =1
30 61,18 61,19 61,20
9 0 1,21 1,22 1,23 End of block e N = 1
10 0 1,18 1,19 1,20 2\
11 0 1,15 1,16 1,17 Y’
12 0 1,12 1,13 1,14 AN
13 0 1,9 1,10 1,11 RS
14 0 1,6 1,7 1,8 [ .o
15 0 1,3 1,4 1,95 0 T Continuation of block row N = 1
1 3,8 3,6 37 1
2 5,10 511 5,9 2
7 15,2 15,0 15,1 1 Start of block row N = 15
30 61,21 61,22 61,23 0 End of block row N =61
Figure 35 - Example of mapping (partial) of BIS bytes into last 8 units
Same conclusions;
—|{ All infermation bytes of the BIS block are found in the first 15 rows of each address unit.
—{ All'parity bytes of the BIS block are found in the last 16 rows of each address unit.
—1_Each address 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.
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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 AF,, AF, AF,,
AF; AF, AF;
AF, AF;, AFg) Address
uc,, : : unit 0
"""""" ARy, | AR, | AR, [T T AT
496 AF,, AF, AF,
rows AF, AF- AFg, Address
WIE,,,, : unit 1
\
Figure 36 — ECC cluster after multiplexing©ofBIS cluster with LDC cluster
13.15 Rpcording frames
Each row|of an ECC cluster is transformed into-a-recording frame by adding locations for the frame sy
bits and fpr the dc-control bits.
For this gurpose, a stream of 1 240 databits which is formed by the 155 bytes of each row of the E
cluster is|divided into 1 group of 25ydata bits and 27 groups of 45 data bits (see Figure 37), with t
msbs of the bytes handled first.
The first group of 25 data bitsis’extended with 20 data bit positions for the insertion of the frame sy
which is g special sequence-0f 30 modulation/channel bits.

Next, eac

h group of 45«ata bits is completed with 1 additional bit position to form a dc-control block

NnC

CC
he
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155 bytes

A
\

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

U

< 1 240 bits >
25 45 45 | 45 45
bits bits bits bits bits
Frame Data dc Data dc Data lc
sync ! control control copntrol
20 + 25 1 45 | 45 1

dc-control block #0 dc-control block #1  dc-control block #2.26- dc-control block #27

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

»
>

A

Figure 37 — Composition of recording frame

13.16 Physical cluster

The 496 rows from an ECC cluster, transformediinto recording frames, form what is called g physical
cliister.

13.17 17PP modulation for recordable data

13.17.1General

Alf the bits of recording framés-except the frame sync are converted to modulation bits accorjing to the
17PP modulation code. This\is an RLL(1,7) code with run-lengths =2T and <8T with and sonpe special
prperties. PP means: parity preserve/prohibit RMTR as follows:

— Parity presertve:  If the number of ONEs in the data-bit stream is even, then also the qumber of
ONEs in the modulation-bit stream is even.

If the number of ONEs in the data-bit stream is odd, then also the qumber of
ONEs in the modulation-bit stream is odd.

This property makes it easy to control the low-frequency content of thd recorded
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.

© ISO/IEC 2021 - All rights reserved 59


https://standardsiso.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

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

Data bits Modulation bits
00000000 010 100 100 100
00001000 000100 100 100
000000 010 100 000
000001 010100 100
000010 000100 000
0000 11 000 100 100
0001 000 100
0010 010 000
0011 010 100
01 010
10 001
11 000 If preceding modulationbits = xx1
101 If preceding modulationbits = xx0
Data bit pattern Substituting
to be substituted modulation bits Condition{for'substitution
110111 001 000 000 If nextmoédulation bits =010
Terminating Terminating
data bits modulation bits
0000 010100
00 000
Figure 38 — 17PP-modulation code conversion table

13.17.3dc-control procedure

Because § ONE in the modulation-bit stream means a transition in the recorded signal, the polarjty
of this signal can be invetted if an odd number of ONEs is added to the modulation-bit stream i a
controllefl way. Because of the parity-preserve property of the 17PP modulation code, this is possilple
just by injserting additional bits into the data-bit stream and setting these to ONE if an inversion|is
needed.

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

13.17.4Frame sync

The physical clusters consist of 16 address units, where each address unit contains 31 recording frames
(see 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.
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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).

Sync number 24-bit sync body 6-bit sync ID
FSO #01 010 000 000 010 000 000 010 000 001
ES1 #01 010000000010000000010 010010
FS2 #01 010000 000 010 000 000 010 101 000
FS3 #01 010000 000 010 000 000 010 100 001
FS4 #01 010000 000 010 000 000 010 000 100
FS5 #01 010 000 000 010 000 000 010 001 001
FS6 #01 010 000 000 010 000 000 010 010000

Figure 39 — 30-bit frame-sync code$

Bdcause 7 different frame syncs are insufficient to identify 31 recépding frames, each frame is

by| the combination of its own frame sync and the frame sync-of one of the preceding recordin
The mapping of these combinations can be made such that)even with missing frame syncs ir
preceding frames, a recording frame can still be identified by its own frame sync and the las

fraqme sync (see Figure 40).

dentified
g frames.

1,2o0r3
t present

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

Recording frame n can be identified ftom the frame sync IDs of:
Recording frame n + recording frame n-1
Recording frame n+recording frame n-2
Recording frame'n + recording frame n-3
Recording ffanie n + recording frame n-4

Figure 40 — Identification of recording frames

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

The other frame‘syncs are mapped as specified in Figure 41.
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Frame number [ Framesync | Frame number | Frame sync

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FS6
7 FST 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 ES2

Figure 41 — Mapping of frame-sync codes on recording frames

13.18 Modulation and NRZI conversion

Before b¢ing recorded onto the disk, data bits are converted to modulation bits that, in turn, qre
converted to NRZI channel bits according to the followihg process (see Figure 42).

Ddta
bits

A -

' ot

Modulation NRZI converted
bits Ex-OR channel bits
Modulator > NR¢ . >/_|__\ >
conversion
1T
T =1 channel clock period delay

Example of data bit pattern: 0 1 01 10 01

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

NRZ converted signal: |_|

NRZI converted signal: |

L
—

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 preceded by a data
run-in and followed by a data run-out. The run-in and run-out offer sufficient buffering for facilitating
fully random write/overwrite.
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RUBs can be written one by one or in a continuous sequence of several RUBs (write_streaming).

In the rewritable areas of the disk, a wobble cycle shall correspond to 69 channel bits if the channel-
bit rate is locked to the wobble frequency. This means that a modulated recording frame, which is
1 932 channel bits (= 1 288 data bits), covers exactly 28 wobble cycles. This locked case is considered as

the nominal situation.

14.2 Recording-unit block (RUB)

1

21 Ceneral

E3
49

wobble periods) (see Figure 43).
Run-in Physical cluster [ Run-out | Guard_3
<40 wbs— <496 x 28 wbs—|<«-16 wbs—|«8 whs—

ch RUB consists of a data run-in of 2 760 cbs (nominally 40 wobble periods), a physical

Figure 43 — Layout of single written recording-unit block (RUB)

cluster of

6 x 1 932 cbs (nominally 496 x 28 wobble periods) and a data run-out of 1 104 cbs (nonpinally 16

Eqch single written RUB or each continuously written séquence of RUBs shall be terminated by a
Gyard_3 field, ensuring that no gaps (unrecorded areas), ever occur between any 2 RUBs ghown 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
4-40 wbs— | <496 x 28 wbs— | «<—16 wbs— |40 wbs— [ <496 x 28 wbs—| : [«-496 x 28 wbs—| <16 wbs— [ {-8 wbs—

AW
of]

a inimum length,6f non-overlapped data run-in of about 27 wobbles (minimum %1 recording

14

14

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

ith the above choices) an SPS (see 14.3.2) of about maximum +2 wobbles and a start position

.2.2 Datarun-in

.2.2.X General

Bs)

accuracy

about +0,5 wobble, rfdandom writing /overwriting leads to an overlap of between 3 and 13 waobbles and

frame).

Tl

& datd TUI-1TT CONSISTS Of the fotfowing parts:

Guard_1: 1 080 channel bits;

PrA (pre-amble): 1 680 channel bits.

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

The Guard_1 field is meant to cope with the overlaps due to the SPS and inaccuracies in determining the
start location of recording sequences (see Figure 45).
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Guard_1 PrA

1 080 cbs 1 680 cbs
Optional APC | Repeated bit pattern Nominal
~ 5 wobbles ~ 11 wobbles ~ 24 wobbles

Figure 45 — Layout of data run-in

14.2.2.2 r€omtentof Guard_tfields
The Guarfl_1 field has a length of 1 080 channel bits.
The contént represented in modulation bits is: 36 times repeated 01[04]1[04]1[02]1[02]1[08}1]0°>]

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

14.2.2.3 |Automatic power control (APC)

The first p wobbles of the Guard_1 field at the start of a recording sequenge can be used for performipg
an autonjatic power-control procedure. The modulation-bit pattern t6 be used for such an APC
procedurg can be chosen freely by the recorder manufacturer and«s allowed to be different from the
repeated pattern as defined in 14.2.2.2.

14.2.2.4 |Content of PrA fields
The PrA fjeld has a length of 1 680 channel bits.

The contg¢nt of the PrA field shall be shown as Figuré& 46.

; 01J0471[04]1[02]1[02]1[0%]1
, optimesrepeated | o 4 [ Sync.2 | 01[02]1[02]1[06]1[05
01[0*]1[0*]1[0%]1[0%]1[0°]1[0°] [06]1[04]1[03]
«——1-1560cbs———— | <«30chs—> | «—40cbs——— | <«30cbs—> <—20 cbs—

Figure 46 — Layout of PrA field

In generdl, Sync_1 shall Be’FS{mod[(N+4),7]} and Sync_2 shall be FS{mod[(N+6),7]}, if the first frame
sync aftef the PrA is ES(N) (N = 0..6, see 13.17.4).

This meaps that Sync_1 shall be FS4 and Sync_2 shall be FS6 (the first frame sync after the PrA is FSD).
The first pit of each of Sync_1, Sync_2 and the first frame sync after the PrA is allowed to be used for dc-
control (# = ZERO or ONE, see Figure 39).

14.2.3 Data run-out

14.2.3.1 General

The data run-out consists of the following parts as shown in Figure 47:

— PoA (post-amble): 564 channel bits;
— Guard_2: 540 channel bits.

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

64 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

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

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

Figure 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.

Sync.3 | OL[OPILIOPILIOPILIOPILIOPIIOTN | o1 o oeaoRl 1107 106]10°

< 30cbs— | «——54ccbs

v

480 cbs———

Figure 48 — Layout of'PoA field

In|general, Sync_3 shall be chosen such that it corresponds to a frame number n+1, if the pser data
bdfore the PoA ends with frame number n (see 13:17.4).

This means that Sync_3 shall be FSO.
THe first bit of the Sync_3 patterns shall be‘used as defined in 13.17.4.

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

14.2.3.3 Content of Guard_2 fields
The Guard_2 field has a length of 540 channel bits.

THe content represerfted in modulation bits is: 18 times repeated 01[04]1[04]1[02]1[02] 1[06]1]05].
14.2.4 Guard/3field

14.2.4.1.-General

Guard_3

546-ebs
Repeated bit pattern Optional APC
~ 3 wobbles ~ 5 wobbles

Figure 49 — Layout of Guard_3 field

The Guard_3 field has a length of 540 channel bits (see Figure 49).

The content represented in modulation bits is: 18 times repeated 01[04]1[04]1[02]1[02%] 1[06]1[05].
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14.2.4.2 Automatic power control (APC)

The last 5 wobbles of the Guard_3 field at the end of a recording sequence can be used for performing an
automatic power-control procedure. The modulation-bit pattern to be used for such an APC procedure
can be chosen freely by the recorder manufacturer and is allowed to be different from the repeated
pattern as defined in 14.2.4.1.

14.3 Locating data relative to wobble addresses

14.3.1 General

The nominal start positions for recordings (as well single RUBs as continuous sequences ofrseveral

RUBs) ar¢ the locations of the middle of the wobble in NWL 25 in the reference unit between the.Synd 3
unit and the first Data_x unit of the ADIP words with a PAA of which bits AA1, AAO = 00 (see 15.7).

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

14.3.2 Sgart position shift (SPS)

To avoid pxcessive wear of the disk, the start of the writing of each recording sequence (one or mdre
RUBs) shall be shifted from its nominal start position by a random number of channel bits, Tgp, called
the start-position shift (-128 cbs < Tgpg < +127 cbs) (see Figure 50).

NWL 25

Nomifal
start\
position

360" 434
cbs cbs
Accuracy

-2,35wbs

h -128 cbs range

T Tsps

+127 cbs
h )

+2,33wbs

¥

Recording start position range

Run-out

|

Run-in

Example of
overwriting

Tsps + Inaccuracy ~ 458 cbs

| Run-in

Tsps + Inaccuracy = -80 cbs

Figure 50 — Nominal start position for data recording

Figure 51, Figure 52 and Figure 53 show examples how newly written RUBs overlap with previously

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

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

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

Sync_3 unit, |, Reference unit ol 1st Data_x unit ol 2nd Data_x unit .
L NWL 25 UNWL9 NWL 37 NWL9 NWL37
| 25,5 wbg

=] i =] *
' , 9,5 whs

(lileucsggn{(e-%}% Run-out |Guard_3
. ]
. Cluster k Cluster k Cluster)k
Run-in Rec.frame 1 Rec.frame 2 Rec.frame 3
Tsps at»

> -128cbs |<+127 cbs

Nominal start position ___#

for writing ( 34 cbs)

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

Figure 51 — Example of nominal start position for data recording

Sync_3 Unis_ Reference unit 1st Data_x unit 21d Data_x unit

NWL 25 NWEL9 NWL 37 LINWL 9 INWL 37
25,5 WbE
) 9,5 wbs

Cluster k-1 y
Rec.frame 496 Run-out] | Guar|d_3
. Cluster k Cluster k Cluster k
Run-in Reucs.fr6arme 1 Rec.frame 2 Rec.frame 3
Nominal start position
for writing
NQTE Tqpg + inaccuracy of previous recording = +161 and Tgpg + inaccuracy of new recording = -1p2.

Figure 52 — Example of data recording with maximum overlap

Sync_3 unit | Reference unit = 15t Data_x unit - 2nd Data_x_unit
i f . f i

Y25 5 whs T NWL25 T NWL9 S NwL 37 SNWL9 Y NWL 37
_ ' 9,5 wbs
Cluster k-1

Rec.frame 496 I Run—outIGuarld_3

. Cluster k Cluster k Cluster k
Run-in Rec.frame 1 Rec.frame 2 Rec.frame 3

Nominal start position t
for writing

NOTE Tgps + inaccuracy of previous recording = =162 and Tgpg + inaccuracy of new recording = +161.

Figure 53 — Example of data recording with minimum overlap
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15 Track format

15.1 General
A track is formed by a 360° turn of a continuous spiral.

Each recording layer shall have the same basic tracks at about the same locations (see Figure 54).

15.2 Track shape

15.2.1 General

The zone|between radius ry = 21,0 mm and radius r3 = 22,2 mm is reserved to be used for the BCA (see
Clause 35)). In this zone, there shall be tracks formed by a single spiral groove whose inner@dge shall pe

at the radius 21,0_%’2 mm.

On layer [LO, a transition from a straight groove to an HFM groove between the-BCA zone and the
embossed HFM area shall occur between radius r, = 22,0 mm and radius r; (see\Eigure 54).

At the transition, the spiral groove shall be uninterrupted.

The tracks in the BCA zone shall be straight groove (without any medulation) between radius r; apd
the inner|edge of the HFM groove on layer LO or the inner edge of the*wobbled groove on other laydrs
(see Clauge 18).

Inner zone n . Data zone n
' BCA Embossed HFM area Rewritable area
o B | A=
Layer LO- A
Straight HFM Wobbled groove Trackin
. ‘gralg groove groove g directioi
::,’ 2 >
)i '3
Layer Ll o
Straight groove Wobbled groove Tracking
i ., direction
| — E— e
Layer LZ:—W ]
Straight groove Wobbled gr(c)Iove T.rackllng
S DZI direction
Connection Connection
area area

Figure 54 — Connection areas between different groove types

In the embossed HFM area of layer LO (see Clause 17), the tracks are formed by a single spiral groove
continuing uninterruptedly from the end of the straight groove in the BCA zone.

The groove tracks in the embossed HFM areas deviate with a rather high frequency in the radial
direction around the nominal centrelines, providing a high bit rate/high capacity data channel for the
storage of replicated information (HFM grooves).

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

In the rewritable areas (see Clause 16), the tracks are formed by a single spiral groove, starting from
the end of the embossed HFM area on layer LO or from the end of the straight-groove area on layer L2.
On layer L1, they end at the beginning of the straight-groove area. These groove tracks in the rewritable
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areas deviate mainly sinusoidally and monotonically in the radial direction from their nominal
centrelines and are called wobbled grooves. The sinusoidal deviation is modulated by replacing some of
its cycles with different signal patterns at certain locations.

The wobble can be used for speed control of the disk and synchronization of the write clock of the
drive and the modulated parts represent addressing information called address in pregroove or ADIP
(see 15.7). The shape of each track is determined by the requirements specified in Clause 27.

NOTE Although the term "pre-groove" is not defined in this document, "ADIP" is widely used as an acronym
of "address in pre-groove" in optical disk standards. The meaning of " pre-groove" is the same as that of "groove"

in this document

Afjthe connection between the embossed HFM area and the recordable area, the spiral groevie shall be
urlinterrupted. Between the HFM groove and the wobbled groove with ADIP information;it mjay form a
grpove-only part (without any modulation) of maximum 1 mm length in the tangential direcfion along
the track.

13.2.2 Groove geometry

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

Far “on-groove recording”, a geometry is used where the groovesare nearer to the entrance $urface of
the disk than the lands. The outline of the groove geometry is presented in Figure 55.

Groove

/5

Transmission stack

Substrate

Read-out
beam

On-groove recording

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

1%.34Track path

Orr fayers with anm even 1ayer Number, the spirat shall rumn from the nner side of the disk towards the
outer side of the disk when the disk rotates according to the specification in 9.8.

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

The tracks on layers with an even layer number, n shall start at the beginning of inner zone n and
terminate at the end of the outer zone n and shall be continuous in the information zone. The tracks on
the layer with an odd layer(s) number, n shall start at the beginning of the outer zone n and terminate at
the end of the inner zone n and be continuous in the information zone (see Figure 14).
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15.4 Track pitch

15.4.1 Track pitch in BCA zone

The track pitch (TP) in BCA zone is the distance between the average centrelines of a groove in adjacent
tracks, measured in radial direction.

The TP shall be (2,0 £ 0,1) um.

In the area between r, and r3, the TP shall change over from 2,0 pm to match 0,35 um in the embossed
HFM areqom tayer LO 0T To U, 32 I I The wobbled groove area on other tayers.

15.4.2 Track pitch in embossed HFM areas

The TP i embossed HFM area is the distance between the average centrelines of an HEM groove|in
adjacent fracks, measured in radial direction.

The TP shall be (0,350 * 0,010) pm.
The TP ayeraged over the embossed HFM areas shall be (0,350 + 0,003) um.

15.4.3 Track pitch in rewritable areas

The TP ip rewritable area is the distance between the average ¢entrelines of a wobbled groove |in
adjacent fracks, measured in radial direction.

The TP shall be (0,320 £ 0,010) pum.
The TP ayeraged over the rewritable areas shall be (0,320~+ 0,003) pm.

15.4.4 Track pitch between embossed HFM area-and rewritable area

The change in TP from 0,35 pm to 0,32 um (onayer LO) shall be realized within maximally 100 tradks
(revolutigns), which tracks shall be located‘¢completely in protection zone 2 (see Figure 87).

15.5 Trqck layout of HFM grooves

15.5.1 General

In this cljuse, only the encoding format of the data is described. The locations and their content dre
defined ifh Clause 18.

The data |n HFM groweVves is recorded in 4K partitions, called PIC clusters. Each such PIC cluster contamls
2 data frames, each’ with 2 048 bytes of data. The error correction mechanisms used to protect thi

data and the ptecedures used to build up fully formatted partitions are very similar to those described
in Clause|13,

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

For detailed descriptions of the related processing steps and applied codes, reference is made to the
descriptions in Clause 13.
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Sync
1 byte 10 bytes 1 byte 9 bytes
T DO --------- Dg BO D10 ------- D18 T
Dyg .. Dog B, Dyg coreerreeens
"""" Datastream | : | | 216data
248 rows > :
on disk : :
_________________________________ .
71\
32 parities
I B4y w Dy71g

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

153.5.2 Data format

13.5.2.1 Data frame

0

E4ch data frame is extended with a 4-byte error-detection code (EDC) as described in 13.2 anjd 13.

13.5.2.2 Scrambled data frame

Edch data frame with its EDC is scrambled aecording to the procedure described in 13.4. For fhe preset
offthe scrambler, AUN;; .. AUN; (see 15.5:3:2 and 13.9.2.2) shall be used instead of PS,g .. PSs.

13.5.2.3 Data block

(O8]

Edch 2 scrambled data frames.are mapped into an array of 216 rows x 19 columns as describgd in 13.5

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

13.5.2.4 LDC block

The next 32 rows\with error correction parities are added according to the procedure deqcribed in
13.6 and 13.7,<with the difference being that there are only 19 columns (L = 0..18). The restilt of this
prpcessingis'a matrix of 248 rows x 19 columns.

13.5.2.5 Interleaving

Tl el ] - | sa—daLL, £ £ 4] | ) - 12 0
ITCTITCCTICAav 1115 }}l UltTUUI T 15 UIlITI CIHIU IT UIIT LIIT UIIT UCOLUITTUCTU TIT 1 J.0.

Only the second interleaving step described in 13.8.3 is applied, where each successive row is shifted
one more byte position to the left [shift = mod(k,19), in which k is the row number, 0 < k < 247]. The bytes
that shift out at the left side are re-entered in the array from the right side (see Figure 57).
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<« 19 bytes -
< shift 0 €0,0 €)1 €018 T
<« shift1 €1 €, €118 €10
< shift 2 €5, €, €18 €0 €,
<« shift 18 €518 | €igo €117 248
<« shift 0 €150 €5 €454 LOWS

4— shift mod(k,19)

<« shift 18

P246,18 | P246,0

P246,17

<« shift 0

P2470 | Pa2471

P24748 {

After thig process, the bytes are renumbered in the horizontal directiontthrough all the rows resultipg

Figure 57 — Interleaving of PIC LDC block

in the numbering D, to D, 714 as indicated in Figure 56.

15.5.3 Addressing and control data

15.5.3.1 |General

Unlike the format in rewritable areas of the disk, a BISblock is composed of 4 BIS code words and filled
addresses of 9 bytes each in 18 rows and 2\user control data units of 24 bytes each in 12 roys

up with 8
(see Figure 58).
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1]

Cd
by
ny

< 4 columns >
0 1 2 3
T 0 AF,, AF,, AF,, AF,, T
1 AFg, AFy - AFg AF,
2 AF, , AF,, AF, , AF, ,
3 AF, AF,, AF, AF, ¢
4 AF,, AF, AF, AF, .
5 AF, ¢ AF, . AF, , AF, ,
6 AE AE AE_ AE_
7 AF; . AF; AF; AF,,
8 AF,, : : AF, 4 18'rows
9 AF,, : : addfesse
10 AF¢ 4 AF;
11 AF¢ - : :
1 BIS 12 AF¢, AF¢ 4 AF,,
codeword 13 AF¢ ¢ : : ¢
=62bytes 14 AF. , : AF. . _CAF,,
15 AF, . : : :
16 AFg, : : AFg,
17 AFg, AFg, AEgy AFg o {
18 UCo,0 UCyp0 UCo, UCyp 4 T
19 UCy 0 UCya9 UC, 4 UCy34 12 rows
: : : d : : user contrpl
28 UCy0.0 UCpro*>|  UCyoq UC,, 4 data
29 UCi10 UCpzp UCy1a UCz3, v
30 Pbsog P304 Pbsoz Pbso3 T
31 Pbzio Pb3; 4 Pbs;, Pbs; 3 32 rows
: : : : : parities
{ 61 Pbeio Pbaig Pbey. Pbeia 1
Code word | Code word | Code word | Code word
0 1 2 3

.5.3.2 Address fields

Figure 58 — PIC BIS block

mparable to the rewritable areas of the disk, where each 1/16 of a 64K cluster (=4K bytes) is

one address unit number (see 13.9.2), each 4K PIC cluster shall be identified by one adc

mber. These address-unit numbers shall increase by 2 for each successive 4K PIC cluster.

dentified
[ress-unit

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

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

AF, ¢=PAF ¢ (all the same for S=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);
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flag bits:
bits b; to b;: reserved;

bits b, to b: set to the binary value of S;

—  AF; g=all bits inversion in PAF5 g;

- AF6“‘ —attbits-inverstomin PAF6,S'
— AF;=PAF;g
— AFgp=PAFgg

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

The parity bytes of PAFs ¢ .. PAFg ¢ in the primary address fields shall be calculated according to t
descriptipns given in 13.9.2.

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

The byte

with bytdg 0 of address 0 in row 0, column 0 and each successive address being shifted cyclically 1 mg
position ffo the left (see Figure 58).

The byte

with byt¢ 0 of address 4 in row 1, column 0 and each successive address shifted cyclically 1 mqg
position tfo the left.

Mathematically, this mapping of the address bytes*into the PIC BIS cluster can be represented

Formula

Byte AF, | shall be allocated in:

O

15.5.3.3

There arq 2 units of uset, ¢ontrol data, each consisting of 24 bytes. Bytes 0 to 11 of the first unit shall

placed in
the same

3 (see Figure 583):-All bytes of both user control data units shall be reserved.

15.5.3.4

row: r=2xx+div(y4);

b of addresses 0 to 3 are placed in a diagonal direction in the éven numbered rows, starti

5 of addresses 4 to 7 are placed in a diagonal direction in the odd numbered rows, starti

43):

4
plumn: ¢ = mod[(x + 8 - y)A4] (

User control data

column 0, rows 18 to 29 of the PIC BIS block and bytes 12 to 23 in column 1, rows 18 to 29.
way, byt€$)0 to 11 of the second unit shall be placed in column 2 and bytes 12 to 23 in colur

BIS code words

ng
re

ng
re

3)

be
In

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

15.5.3.5

BIS cluster

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

Bytes 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).
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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):

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

then r=mod(2 x i,62) + div(i,124);
¢ =mod(i,4);
and vice versa i=124 x mod(r,2) + div(,2) + 31 x mod{[4—c + div(r,2)],4}.
Aqaresult of this interleaving, the one-column 248-byte BIS cluster is divided into"8-groups of
where each 31-byte group is composed of 9 address bytes, 6 UC data bytespand 16 parity
succession. The address bytes, due to the pre-interleaving, appear in the cornfect order for dire
BIS block BIS cluster
i c=0 1 2 3 < 1 byte >
r=0 0 93 62 31 B, T

1 124 217 186 155 :

2 32 1 94 63

3 156 125 218 187

4 33 2 95 :

5 157 126 219 = B;

6 34 .4 3 :

7 158 127

8 4 35

9 128 159

10 50 :

11 129 Bias 248

12 6 Bioa 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 B,,, \

Figure 59 — Reading order for constructing PIC BIS cluster
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15.5.4 Recording frames

15.5.4.1 General

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

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

15.5.4.2 Modulation

The 168 bits of each PIC recording frame, except some of the bits of the synchronization pattefn, are
converted into modulation bits by applying a biphase modulation method. In this modulatiommethad,
a bit with value ZERO is represented by transitions at the start of the bit cell and a bit with’value ONE
is represé¢nted by a transition at the start and in the middle of the bit cell (see examplenn’Figure 6).
The modiilated bits are recorded on the disk by a deviation of the groove from its average centrelirles
as indicated in Figure 60. The length of each bit cell shall be 36T, where T corresponds to the length of a
channel Hit in the rewritable areas.

Example of data bit stream

\ 0 1 0 1 1 0
Avprage \ —/_ I S
gIOOVE =+ | = —mimimm e m e . <>_ A — || -
N
cqntre _\ A N\ _
<“————r | <———>
36T 36T

Figure 60 — Biphase-modulated HFM groove

15.5.4.3 |Frame sync

Each recqrding 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).
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P Sync pattern -
Data Sync body Sync identification Data
—> |« > | < o —
- - - - ID ‘ 1D, ‘ ID,, ‘ Parity
] \ [l i i I
1 110 o001 oO0}]O0 1 1 1 x 1 x InVx 1
1 110 o001 oO0]0 1 1 I x 1 x 1 x 1

Figure 61 — Biphase synchronization pattern

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

Sync number

D,

1D,

ID,

Parity

FSO

0

FS1

FS2

ES3

FS4

FS5

FS6

=l Ll Ll K= K=1 k=2 k=]

=l E=2 E=2 Ll Ll E=2 k=]

(=) Lol Kool )l o)l ) Nen)

QIO |||+

By means-ef the PIC BIS column, the 248 rows of a PIC cluster can be divided into eight
31 recerding frames, where each group of recording frames carries an address in its fir

(s¢e15.5.3.5).

Figure 62 — Sync identification

broups of
t 9 rows

The 31 successive recording frames of each such group are identified by a special sequence of the sync
patterns (see also 13.17.4). The first recording frame of each group has the unique sync pattern FSO.

The other sync patterns are mapped as specified in Figure 63.
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15.6 Trg

15.6.1 G
The wobh

The nominal wobble length (NWL) (equivalent;to'69 channel bits) shall be 3,855 3 um + 0,005 pum fof

disk with

This corr

15.6.2 M

15.6.2.1

The basid
are called

Some wol

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

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FS6
7 FSt 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

Ick layout of wobbled grooves

eneral

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

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

psponds to a fundamental frequency f,,,;, = 1 913,043 kHz at the 2 times reference velocity.
[odulation of wobbles

General

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

monotone;wobbles (MW).

bbles are'modulated, and 2 modulation methods shall be used simultaneously as follows:

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

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

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

15.6.2.2

MSK-cos modulation

MSK-cos modulation is applied by replacing three consecutive MWs by one MSK mark (MM). An MM
consists of three NWLs with the following wobble patterns as indicated in Figure 64:

— thefi

78

rst NWL starts the MM with a cosine wobble with a frequency = 1,5 x £, ;s
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— the second NWL continues the MM with a cosine wobble with a frequency = f,,,,,;

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

Wobble:
-COS(2T % f 0 X t)
552{)%?; Wobble: Wobble:
\ +cos(2m x (1,5 x f,, ., )x t) -cos(2m x (1,5 x f,., )x t)
Inner side v v
of disk «— »
A

AN AN 4\ A W B/ N A WY A AN \

[l AT ATV A
| J \

Outer side |[¢——>|<———>|< > | —— >

of disk '\'\ MSK mark (MM) /'/'

Monotone wobbles (MW): +cos(21t x f,,, x t)

Figure 64 — Definition of MSK mark (on groove)

13.6.2.3 HMW modulation

HIMW modulation is applied by replacing a number~of consecutive MWs with the same numbegr of saw-
topth wobbles (STW). An STW is formed by combining the basic cosine with a sine wave of the doubled

frequency as per Formula (47):
CoS(21 x f,op X t) £ a x sin[21 x (2 x1f, o) x t] (47)

where a = 0,25.

Such a combination of a cosine with the fundamental frequency and a certain amount ¢f second
hgqrmonic represents a first*order approximation of a saw-tooth wave. The “+” or “~” sign creptes a left
or|right inclination, where the “+” sign is used to represent a bit value ONE and the “-” sign |s used to

represent a bit value ZERO (see Figure 65).

+COS(2T X f 5 Xt ) +ax sin[2m x(2 x f,, ) x t] +CoS(2m x f,op X t ) -axsin[2m x(2 x f,, )% t]
nner side <LE¢> ‘¢ ONE « ZERO & :¢ ZERO
pf disk

AN

\4

Outer side
>

Monotone wobbles (MW): +cos(21t x f,,, % t)

Figure 65 — Definition of saw-tooth wobbles (on groove)
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15.6.3 Wobble polarity

When push-pull polarity (see 26.1) is negative, then the wobble groove shall start its first wobble
deviation towards the outer side of the disk.

When push-pull polarity (see 26.1) is positive, then the wobble groove shall start its first wobble
deviation towards inner side of the disk.

15.7 ADIP information

15.7.1 General

The data|to be recorded onto the disk shall be aligned with the ADIP addresses. The ADIP)addrgss
is derivedl from ADIP symbols modulated in the wobble (see Figure 70). Therefore, 56.NWLs shpll
correspond to 2 recording frames (see 13.15). Each group of such 56 NWLs is called~an ADIP unit
(see Figure 66).

2 recording frames
<———1932 channel bits > | < 1932 chanpel bits ———
Sync Data Sync Data
«—=~9p—> «~=95->
wobblles wobbles
1 ADIP unit
< 56 NWLs >

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 MNls,
different fypes of ADIP units can bé created.

The ADIP|units representing adata bit are additionally modulated with STWs.
Furthernjore, a reference STW unit is defined. Each type of ADIP unit starts with an MM.

The folloyving types ofAADIP units are defined (see Figure 67):

— Mongtone_unit: consisting of one MM followed by 53 MWs;

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

— Sync_0 unit: consisting of one MM followed by 13 MWs, one MM, 7 MWs, one MM and 27 MWs;
— Sync_1 unit: consisting of one MM followed by 15 MWs, one MM, 7 MWs, one MM and 25 MWs;
— Sync_2 unit: consisting of one MM followed by 17 MWs, one MM, 7 MWs, one MM and 23 MWs;
— Sync_3 unit: consisting of one MM followed by 19 MWs, one MM, 7 MWs, one MM and 21 MWs;
— Data_x unit: with x representing ONE or ZERO:

— Data_1 unit: consisting of one MM followed by 9 MWs, one MM, three MWs, 37 STWs and one MW;
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— 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.
NWL numberO.. .. 3.. 18 w55
Monotone unit N | EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Reference unit [ | [ T T T T NANARRANANRARNNANNNARNNANNNNANNNNNNARNNRNNARNN

I
I

Sync_0 unit N IIII1IIII-IIIIIIIIIIIIIIIIIIIIIIIII
HEREE EEEEEE EEEESEEEEEEEEEEEEENIEEE
I
I
I

Sync_1 unit N

Sync_2 unit [ | HEEEEEE BEEEEEE BEEEEEEEEEEEEEEZEZEE EEE

Sync_3 unit ] HNEEENEEE SEENEEE BEEEEEREEPEEEENIEEE
[ NNNANRRRNRRRRRRRNRRARRRARNRRRRRRRNRRRN

Data_0 unit I |
Data_1 unit [ N [N 1 1 (1NN ANAANANAAANAAANABANAANAAAANA

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

Figure 67 — ADIP unittypes

13.7.3 ADIP word structure

83 ADIP units are grouped into one ADIP word each. This means that 3 ADIP words corr¢spond to
3 ¥ 83 x 2 =498 recording frames, which is equivalent to one RUB (see 14.2).

Edch ADIP word shall be constructed as indicated in Figure 68.
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. . ADIP nibble ADIP code word
ADIP unit number ADIP unit type bit number hibble number

0 Monotone -

1 Sync_0

2 Monotone -

3 Sync_1 -

4 Monotone

5 Symc2 ==

6 Monotone -

7 Sync_3

8 Reference ---

9 Data_x bs

10 Data_x b,

11 Data_x b, £o

12 Data_x by

13 Reference

14 Data_x b,

15 Data_x b, .

16 Data_x b, !

17 Data_x bo

18 Reference - -
8+ix5 Reference - -
9+ix5 Data_x by
10+ix5 Data_x b, .
11+ix5 Data_x b, b
12+ix5 Data~x by

78 Reference

79 Data_x b,

80 Data_x b,

81 Data_x b, C14

82 Data_x by

Figure oo — ADIF 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
RS error-correction code. This code word is constructed from 36 information bits. Before encoding the
information, the 36 information bits are ordered into nine 4-bit nibbles n, to ng as defined in the array

of Figure 69.
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Nibble b, b, b, b,
n, AA23 AA22 AA21 AA20 T
n, AA19 AA18 : : 6 nibbles ADIP
: : : : : address
ng AA3 : : AA0 [
ng AX11 : : : T
: 3 nibbles Aux data
g AX3 : : AXO 7

Th
Be

the bits in the information array and the coded bits in the ADIP unit.

17
TH

K

Figure 69 — ADIP information structure

cause the error correction system is non-systematic, there is no simple direet relationshig

.7.4.2 ADIP information bit assignments

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

AS23..AS0: These 24 bits shall contain the physical ADIP.symbol (PAS). AS23 shall be thg
ASO shall be the Isb. These symbols are converted from'the physical ADIP address (PAA) &
(see Figure 70 and Figure 71).

Set to Set to

Sequential number

P
MSB
Al (AR | | (A
hysical ADIP address ‘26, 21512 1
4 3(2{1]0 6
1
Physical ADIP symbol Yy
sisils| | | s
If AA22 is equal to AA21, then 2121212 1
312|110 6
111 g%l s
AN TEEN]
LAARAAL
AlAJA(A A
LEAA22 isnotequalto-AA21 then 1SISISIS 3
o ’ 2(2(2(2 1
\_ 3(2[1|0 6

layer number 00,01, L0
consectitively

e nibbles n, to ng are transcoded to nibbles c; to c;, by the error correctieh system (sge 15.7.5).

between

msb and
s follows

Figure 70 — Relation between PAA and PAS
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Layer structure LO L1 L2
Inner Outerj Outer Inneri Inner Outer
PAA=0200000h PAA=0A0 0000h
(4422, AA21] in 0,0] PAA = 0 5F FF FEh 10,0]
Physical ADIP
ad(}:l,ress (PAA) [0.1] [L1] [0.1]
[1,0]

— AA2
AAO

The first
zone, whi
layer LO (|

The first
The last 3

The first

The last 4ddress of the data zone enlayer L2 (LAA + 0 80 00 00h) shall be located at a radius <58,1 m

— AX1

Figure 71 — Combination of AA22 and AA21

.. AAO: These 25 bits shall contain the physical ADIP address (PAA). AA24 shall bethie msb a
shall be the Isb. This address shall consist of three parts (see Figure 71 and Figute,72) as folloy

[AA24 .. AA22: These 3 bits shall indicate the layer number and shall be set t0i 000, 001, 010 a
011 on layer L0, layer L1, layer L2 and layer L3, respectively. All other settings shall be reserve

after each 3 consecutive ADIP words (synchronized to the RUBs;see 14.2);

AA1, AAO: These 2 bits shall be set to 00, 01 and 10<ohsecutively in 3 successive A}
words corresponding to one RUB. The setting 11 shall not be used.

address in the information zone on layer LO shall be“such that the first address in the dg
ch is PAA 0 02 00 00h, is located at radius 24,0_%‘2 mm . The last address of the data zone
LLAA) shall be located at a radius <58,1 mm.

hddress of the data zone on layer L1 (FAA) shall be located at a radius <58,1 mm.
ddress of the data zone on layer L1(0'7D FF FEh) shall be located at a radius 24,0_%’2 mm.

hddress of the data zone on layer L2 (0 82 00 00h) shall be located at a radius 24,0_8’2 mm.

1..AX0: These 12°bits contain auxiliary information about the disk;
In the data zene(s) and outer zone(s) of the disk, the auxiliary bits shall be set to ZERO;
In the inner zone(s) of the disk, the auxiliary bits shall be used as follows:

—, VAX11 .. AXO from 96 consecutive ADIP words (equivalent to 32 RUBs) shall form one
ADIP aux frame with 144 bytes;

yS:

hd
d;

AA21..AA2: These 20 bits shall contain a sequential number, which shall increase by one

m.

15.7.4.3

— The first bits of each ADIP aux frame shall be located in an ADIP word with a PAA whi
is a multiple of 128 (PAA = x xxxx xxxX xxxX xxxx X000 0000);

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

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

ch

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).

84
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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 LO (or layer L2).

M

Aftter adding 1 80 00 01h to PAA,, all 25 bits\are inverted, resulting directly in the full corrg
dress PAA; on layer L1 [see Formula (48)).

ad

T}
ta

I

=

an

Layer number Sequence number Intra-RUB number
PAA, on Layer LO | AA24. AA22 =000 AA21 .. AA2 ?ALA.AO =00,01,10
rom inner to outer
PAA, onLayerL1 | AA24.AA22=001 21..AA2 AALAAG = 000110
rom outer to inner
DAA L 10 AADA AADD 1.0 AAD AAD AAllAAO:00I01J10
rnnz Ull LAClyCl L4 NAALT .. AN44a — UlU NNl .. A4 fr()m 1nner tO ()uter
Layer LO First address Last address
0020000h ... PAA, | LAA
I 1 T 1 T 1 T I
nner zone vl b Lo Outer zone
Layer L1 Last address First address
0 7D FF FEh ... PAA, [ & FAA
Inner zone ) T T | Outer zone
1 \ \
Layer L2 First address Last address
0820000h ... PAA, | ... LAA + 08000 00h

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

PAA; =PAA, +1 80 00 01h

e addition of 1 corrects foizthe 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):

0 7D FF FEh=0-02 0

0 00h+1800001h,

hthematically, this can be expressed in the following way.

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

FAA®= LAA+180 00 01h

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

The code word, represented by the vector (cy c; .. cy3 ¢14), can be calculated from the information
symbols n, to ng with Formula (52):

C(x

~—

Zc xx —Zn ><g (x)+ngxgp, (x) (32)

where

gp(x)| is the parent generator polynomial:

13

g5 (=[] (x-e')

i=0
g®(x) is a specific generator polynomial for each symbol n; (i =0 7).

gW(x) is derived from the parent generator polynomial gp(x) by.réemoving one of the zeroes z; of g,[x)
and normjalizing the result such that g@(z,) = 1. The zero Z toberemoved is given by Formula | 53):

z; = aft® (33)

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

= (1)
gD (k=9 ﬂ-(X) 39
where
g(i)(x):gp(x) ’
X—Z
Bi = 7(i)(zi)-

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

Because fhe code is non-systematic, an additional calculation is needed to derive the informatipn
symbols frem'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):

14
n; =Sii6 ZC(O‘I+6)=ZC14—J' xol (70X (55)
j=0
ng is a systematic symbol and can be obtained from C(x) directly by copying symbol c,.
NOTE Each information symbol n; corresponds to a zero in the parent generator polynomial g, (x). Figure 73

gives the corresponding zero factor for each information symbol (note that ng does not have a corresponding
Zero).
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Symbol Corresponding
zero factor
(x-a’)
(x-a')
(x - a%)
(x - a®)
(x - a*)
(x - a°)
n, (x-a)
n, (x-a’)
n, (x-ad)
n, (x-a%)
n, (x - a'?)
ng (x-a'h
n, (x-a'?)
n, (x -9

Figure 73 — Corresponding zero factorfor each information symbol

If pn information symbol is known and its corresponding zero extends the existing series |of zeroes
corresponding to (x - @%) .. (x - a°) .., the Hamfing distance increases, i.e. if n, is known, the Hamming
digtance becomes d = 8. If both ny and n; aréknown, the Hamming distance becomes d = 9.

In|other words, prior knowledge of infermation symbols can increase the Hamming distance of the
code. Because the addresses in the ADIP increase linearly, such prior knowledge is present.

This phenomenon can be used for-additional checking of the reliability of the decoding result.
15%.8 Disk information\(DI) in ADIP aux frame

153.8.1 General

The information-hibbles from the auxiliary fields of 96 consecutive ADIP words are grofiped into
frames of bytes and carry several disk parameters. The nibbles are re-ordered into bytes ficcording
to|Figure_747 Several DI aux frames can be grouped into a DI block. All DI blocks shall have|the same
content,
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Byte
nur}rllber b; b bs b, b; b, b, by
0 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 1 word 1 word 1 word 1 word 1 word 1 word 1 word 1
1 AX3 AX?2 AX1 AXO0 AX11 AX10 AX9 AX8
word 1 word 1 word 1 word 1 word 2 word 2 word 2 word 2
2 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word 2 word 2 word 2 word 2 word 2 word 2 word 2 word 2
3 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 3 word 3 word 3 word 3 word 3 word 3 word 3 word. 3
141 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word’95 | word 95
14} AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
[ word 95 | word 95 | word 95 | word 95 | word 96 | word 96| word 96 | word 96
148 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word 96

Figure 74 — ADIP aux frame byte ordering

15.8.2 Error protection for disk-information (DI) aux frames

The DI aulx frames are protected by a long-distance RS error-correction code according to 13.7. Becau
such a lomg-distance code is built up from 248 bytes, 104 dummy bytes (not recorded on the disk) 34
complete the long-distance DI aux.frame code words (see Figure 75). Bytes e; ; .. €193, in 13.7
represent the dummy bytes (all set to FFhJ, bytes e;y4 ; ..€515 , represent the DI bytes, and bytes p,;4

added to

P247, repfesent the parity bytes.

DI block
DI aux frame | DI aux frame-| DI aux frame DI aux frame DI aux frame
V-1 0 1
< Dummy bytes: >|< 1 DI aux frame from diski ———>
104 bytes added to each DI aux frame 96 ADIP words X 12 bits = 144 bytes

re

N

=

FFh

Disk information unit (112 bytes)

Parity

88

216

Long-distance error-correction code word

>|<— 32—

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

15.8.3.1 General

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 L0, from PAA 0 7E 00 00h on layer L1, and from PAA 0 81 B8 00h on layer
L7.

Friom the starting PAA of protection zone 2 to PAA 0 01 B7 FEh of layer LO (see Eigure B7), from
PAA 0 7E 48 00h to the last PAA of protection zone 1 of layer L1 (see Figure 88), and,from the starting
PAA of protection zone 1 to PAA 0 81 B7 FEh of layer L2 (see Figure 89), the auxiliarybits carn be set to
ZHRO or can contain DI aux frames (such that the sequence is contiguous with @DI aux framfe 0 at the
addresses specified above).

The 112 DI bytes in each DI aux frame are called a DI unit. Each DI unit shall’start with 8 byteg, forming
the unit header (see 15.8.3.2).

D]l units can contain different sets of parameters, such as differefit write strategies. To distihguish DI
urfits that have different definitions for their content, a unique/identification of such DI units if needed.

Byte 2 in the DI-unit header, the DI-format number, shall B¢ sed for this purpose. With this yte, 256
types of DI units with different content can be distinguished.

If the number of parameters of a single set do not fit ity one DI unit, such a set shall be stored in multiple
copsecutive DI units, in which case bit b, of byte*& indicates that the next DI unit in the seqyience is a
continuation of the actual one.

An example usage of DI units for write a strategy is given in 15.8.3.8. Whenever new DI aux frames are
added, the existing ones can still be used'if appropriate and, in this way, backwards compatilility with
exlisting drives can be facilitated. Eachdrive should check all DI aux frames present on the|disk and,
bdsed on the DI-format number (byfe 2) and the indicated recording velocity (bytes 28 and| 29), only
usle the ones that it is supporting’(see also 15.8.3).

13.8.3.2 General definitions for DI units

Egch DI unit shall conSist of a header, a body and a footer as depicted in Figure 76.
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Byte number Content I;I;l g}l, l;.c)g;‘
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)
7 Reserved 1
Bpdy 8t0 99 DI-unit content 92
100 to 105 |Disk-manufacturer ID 6
Fobter 106 to 108 |Media-type ID 3
109to 110 |Time stamp 2
111 Product revision number 1

Figure 76 — General DI-unit format

Bytes 0 tp 1: DI 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 ofthe DI unit or DI unit set (see description of bytg
6).

For disks with BCA code, the msb of this byte shall be set to ZERO.
For disks without BCA codg, 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 clgss
number a:[d the version number as defined in byte 11.

To prevent backwards compatibility problems of newer disks with older drives as much as possiblg, a
class nunjber and a version\nimber have been introduced.

The classjnumber is inei'erhented if a BD layer according to the new specifications should not be accessgd
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 class number is need¢d.

The Versi a1 o oot d 1L b o oy e aoifi oot oo ol o AvEa oo honga for b oh 0

1 I TITUITITUCT 1O ITTICIT CITICIILU U I LIIC TICWVY J}J\,\'lll\-u\.l\.’lla llllHl)’ AaIr LAL\—AAOIULL/ Lllulls\, ITUL  vviIIICIT
class number update is needed (read compatibility is kept), and the new specifications result in a write-
compatibility break. Although such a BD layer carries a higher version number, it can still contain a DI
unit according to a previously defined DI format if this layer can be recorded according to the write

strategy as defined in such DI unit.

Consequently, drives should always check for the presence of a DI unit with a DI-format number known
to the drive. In such cases, the recording parameters (e.g. recording speed, recording power, timing
requirements) needed to set the related write strategy can be checked and if these are within the
capabilities of the drive, the drive should accept the disk for recording.

By using the class number and the version number as described above, backwards compatibility of
future disks can be maximized, while preventing possible damage to disks and drives.
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Each layer type (defined by bytes 8 to 10) has its own independent DI-format numbering. The DI-format
number is also an indication of the write strategy type, which is specified in the DI unit.

Byte 3: Number of DI aux frames in each DI block/Number of the layer to which this DI
unit applies

Bits b, to b;:  These 5 bits 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 in
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 Bhblock.

It shall be set to a number n, where n indicates the actual.number of the DI upit with-
in the actual DI block (0 < n < N-1).

The sequence of DI units shall be ordered (see Figure.77) first according to ipcreasing
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/3Jand last according to the prefdrence of
the write strategy (identified by the DI-forimat number, but need not to be in|se-
quence 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
: Preferred WS
1 ,
k-1 Alternative WS
k Preferred WS
Alternative WS
: Preterred W5
k-1 .
2k-1 Alternative WS
Vi
2k Viz > Vi 0 Preferred, WS
Alternative WS
1 Preferred WS
Altérnative WS
Preferred WS
Alternative WS
) Preferred WS
4k-1 Alternative WS
4k Vi3(=V) 0 Most preferred WS
k-1 Least preferred WS
v, >V,
Vig > Vi3 0 Most preferred WS
8k-1 k-1 Least preferred WS
V3 >V, 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 bs: This bit specifies if the parameter set in this DI unit is continued in the next DI unit|or
if the next DI unit is the start of a new set of parameters.
It shall be set to as follows:
ZERO 1t the next DI unit1s the start of a new set of parameters;
ONE if the parameter set in this DI unit is continued in the next DI unit (see Figure 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 =..
Byte 3 = N/Layer LO
Byte 5 =n-1
Byte 6, bitb, =0 End of preceding parameter set
Byte 2 =x Start of actual parameter set
T Byte 3 = N/Layer L1 :
\ Byte5=n
| Byte 6, bitb, =1
Byte 2 =x
Parameter set _ :
for layer L1 gztg g _ g{%ayer L1 Continuation of actual parameter set
spans 3 DI units Byte 6, bitb, = 1 :
‘ Byte 2 =x
Byte 3 = N/Layer L1
\ Byte 5 = n+2 :
Byte 6, bitb, =0 End of actual parameter set
Byte 2 =.. Start\ofnext parameter set
Byte 3 = N/Layer LO
Byte 5 =n+3
Byte 6, bitb, = ..
Figure 78 — Example of DI-unit extension
Byte 7: Reserved
This byte shall-be set to 00h.
Bytes 8 to 99: DI-unit content

Bytes 100 to 105:

Bytes 1060 108:

These 92 bytes shall store the specific content of the DI unit, for example, gen-
eral'disk parameters, read/write powers and write strategy parametqrs.

Disk manufacturer ID

The format and the content of these 6 bytes require agreement betwe¢n the
interchange parties, else these bytes shall be set to all 00h.

Media type ID

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

Bytes 109 to 110:

Time stamp

These 2 bytes provide information about the production date of the master
disk from which this disk has been replicated. All disks with the same disk
manufacturer ID and the same media type ID, regardless of the time stamp,
shall have the same recording properties (only minor differences are allowed:
the time stamp shall be irrelevant for recorders).
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Bits b; to b, of byte 109 plus bits b, to b, of byte 110 shall form one 12-bit binary
number representing the year of production.

Bits b; to b, of byte 110 shall form one 4-bit binary number representing the
month of production.

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

Byte 111: Product revision number

This byte shall identify the product revision number in binary notation. All disks
withrthesamredisk mmamufacturer tbamd-thesammre media type 1D, regardtess) of
the product revision numbers, shall have the same recording propertiesy(otly
minor differences are allowed: product revision numbers shall be irrelevant for
recorders).

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

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

The contgnt of the body of DI units according to format 4 shall be as depicted in Figure 79.
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Byte 2:

See 15.8.3.2.

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.

© ISO/IEC 2021 - All rights reserved

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

17 to 18 Reserved 2

19 to 26 Data-zone allocation 8

27 Reserved 1

28 to 29 Recording velocities 2

30 Maximum dc read power at the nominal recording 1

velocity
31 Maxim_um HF-m_odulated read power at the nominal 1
recording velocity

32 Reserved 1

33to41 Write-power settings 9

42 Ty;p write multi-pulse duration 1

43 to 47 dT,,, first-write-pulse start time 5

48 to 52 T\, first-write-pulse duration 5

53to 55 dT,p last-write-pulse start time 3

56 to 58 T, p last-pulse duration 3

59 to 63 dTy start time of the erase level 5

64 Reserved 1
65(;?;)24%?2 )73 AdT,,, first-wyite-pulse start-time offset 8,5
2?131572%51;%) AT, first=write-pulse duration offset 7,5
81(535?)44?)?,2 ]85 AdTyplast-pulse start-time offset 4,5
2?1((11553% At(l))léf)) AT, last-pulse duration offset 4,5
90(;(1)5?)74‘;?& )9 ¢ AdTy start-time offset of the erase level 8,5
98 (Isb4bits) Reserved 0,5

99 Reserved 1

100 to 111 DI-unit footer 12

Figure 79 — Content of disk information for DI format 4
Bytes 0 to 1: DI identifier
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Byte 3: Number of DI aux frames in each DI block/Number of the layer to which this
DI unit applies
See 15.8.3.2.
Byte 4: Reserved
See 15.8.3.2.
Byte 5: DI-unit sequence number in DI block
See 15.8.3.2.
Byte 6: Continuation flag/Number of DI bytes in use 1n this DI unit

This byte shall be set to 63h indicating that the first 99 bytes of the DI unit ate
used and that there is no continuation in the next DI unit. All remaining byites 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 tp 10: BD layer type identifier

These three bytes identify the type of the BD layer to which this DI unit applies
and shall be set to 42 44 57h, representing the characters “BDW” in each rewritg

ble layer.
Byte 11: Disk size/Class/Version
Bits by|to bg: These 2 bits specify the disk size. They shall be set to 00, indicating a 120 mm
disk.
Bits bs|to b,: These 2 bits specify the class number. The class number identifies BD layers of the

same layer type but with differert basic specifications.
BD layers according to this document shall have these bits set to 01.

Drives not familiar withya particular class of layers should not access the data
zone of such layers (neither for reading, nor for writing).

Bits bs|to by: These 4 bits spegify the version number. They shall be set to 0011, indicating a layjer
according to(this document.
Byte 12: BD structure
Bits b,[to by: These 4 bits specify the total number of BD recording/recorded layers in the disk.

These bits shall be set to 0011, indicating 3 recording layers.

Bits bs|to bys These 4 bits specify the type of BD recording/recorded layer to which this DI unit
applies.

Bits by tobs stratt T — - — .
Byte 13: Channel bit length

Bits b, to by: These 4 bits shall be set to 0000.
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These 4 bits specify the main data channel bit length, which shall be the same on all

BD recording layers.
They shall be set to as follows:
0000: reserved;
0101: indicating a channel bit length of 55,87 nm (33,4 Gbyte per layer);

Other settings: reserved.

Byte 14: Push-pull polarity flag bits
Bitb;: Each bit b; shall specify the polarity of the push-pull signal on recordéd 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 thelrecorded marks on recording layer Li.
They shall be set to ZERO, indicating &layer type on which recorded marks have a
lower reflectivity than the unrecorded layer (HTL disks),
ONE, indicating a layer type on-which recorded marks have a higher rdflectivity
than the unrecorded layer.
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 16: BCA descriptor
Bits b, to by: These 4 bits.shdll be reserved.
Bits b; to by: These 4bits indicate the presence of a BCA code on this disk:
They shall be set to as follows:
0000: indicating no BCA code;
0001: indicating BCA code is present;
Other settings: reserved.
Bytes 17<to 18: Reserved
These bytes shall be set to all 00h.
Bytes 19 to 26 Data zone allocation
97
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Bytes 19 to 22:

These bytes shall specify the first physical ADIP address of the data zone of the
related layer.

In each Dl unitrelating to layer LO, these bytes shall be set to 00 02 00 00h indicating
PAA 131 072 as the first PAA of the data zone 0.

In each DI unit relating to layer L1, these bytes shall be set to a value FAA, which
shall be 00 5E EC 80h for a disk with a user data capacity of 33,4 Gbyte per layer,
indicating PAA 6 220 928 for 33,4 Gbyte per layer as the first PAA of data zone 1.

In each DI unitrelating to layer L2, these bytes shall be set to 00 82 00 00h indicating

Bytes !

Byte 27:

Bytes 28

Byte 30:

3 to 26:

to 29:

FAA 6 519 66U as the IIrst FAA of the data Zzone Z.

These bytes shall specify the last physical ADIP address of the data zone of the fe-
lated layer.

In each DI unit relating to layer LO, these bytes shall be set to a value-LLAA, which
shall be 00 21 13 7Eh for a disk with a user data capacity of 33,4.Gbyte per laygr,
indicating PAA 2 167 678 for 33,4 Gbyte per layer as the last PAA of the data zong 0.

In each DI unitrelating to layer L1, these bytes shall be set to'007D FF FEh indicating
PAA 8 257 534 as the last PAA of the data zone 1.

In each DI unitrelating to layer L2, these bytes shall be setito'the value LAA + 00 80 00 0Qh,
which shall be 00 A1 13 7E h for a disk with a user data capacity of 33,4 Gbyte ger
layer, indicating PAA 10 556 286 for 33,4 Gbyte/per layer as the last PAA of the dgta
zone 2.

Reserved
This byte shall be set to 00h.

Recording velocity

These bytes shall specify the nominal recording velocity, to be used with the param-
eters as defined in this D] unit, as a 2-byte binary number (byte 28 is MSB).

It shall specify the nominal recording velocity as a number n such that:
n=100x V,

nom

n shall be equdl to 02 E2h to indicate a nominal recording velocity of 7,38 m/s.

Maximum dc read power at the nominal recording velocity

The maximum read power is defined as the maximum optical power on the entrance
surfaceé of the disk, at which at least 10 successive reads can be applied withdut
degrading the recorded signals (see 30.7). Maximum read powers in this clause shpll
be greater than or equal to the read powers defined in 30.7. By default, the powgrs
defined in 30.7 shall be used.

This byte shall specify the dc read power P,. at a readout velocity equal to the nopn-
inal recording velocity, in milliwatts, defined in byte 28 and 29 of this DI unit. The

NOTE 1

98

decimal expression of this byte is as follows:
n=100x P,

For reading at lower speeds than the nominal velocity specified in this DI unit, a reduction of the read
power can be necessary to guarantee the stability of recordings on the disk.
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Byte 31: Maximum HF-modulated read powers at the nominal recording velocity

The maximum read power is defined as the maximum optical power on the en-
trance surface of the disk, at which at least 100 successive reads can be applied
without degrading 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 de-
fault, the powers defined in 30.7 shall be used.

This byte shall specify the maximum HF-modulated read power, P,. at the same
readout velocity as the nominal recording velocity, in milliwatts, defined in byte
28 and 29 of this DI unit. The decimal expression of this byte is as follows:

n=100x P,

NOTE 2  For reading at lower speeds than the nominal velocity specified in this DI unit, a reduction pf the read
power can be necessary to guarantee the stability of the recordings on the disk.
Byte 32: Reserved

This byte shall be set to 00h.

Bytes 33 to 41: Write power settings

Bytes 33to 34:  Pyyp: Piyp canbe used as a starting value forthe determination of P in the OPC

target
procedure (see Annex G for the detailedprocedure).

These bytes shall specify the indicative value Piyp of Py,.qc¢ in milliwatts as a
number n such that:

n =20 x Pyyp
bit b; of Byte 33 is msb and\bit b0 of Byte 34 is Isb.

Byte 35: myyp: Myyp €an be used as a starting value for the determination of P,
OPC procedure (seeAnnex G for the detailed procedure).

oot N the

This byte shall.§pecify the modulation at Py as determined by the meglia manu-
facturer as dnumber n such that:

n= 200 X mIND

Byte 36: p: This byte shall specify the write power multiplication factor p used ih the OPC
dlgorithm (see Annex G for the detailed procedure) as a number n such that:
n=100xp
Byte 37: egw: This byte shall specify the write-bias/write peak power ratio gy, used in the

OPC algorithm (see Annex G for the detailed procedure) as a number n guch that:
n= 200 X SBW
Byte 38: £c: This byte shall specify the cooling/write peak power ratio &: used ip the OPC
algorithm (see Annex G for the detailed procedure) as a number n such that:
n=200x¢&:

Byte 39: €g: This byte shall specify the erase/write peak power ratio €; used in the OPC
algorithm (see Annex G for the detailed procedure) as a number n such that:

n =200 x &

Byte 40: k: This byte shall specify the target value for k used in the OPC procedure (see Annex G
for the detailed procedure) as a number n such that n = 20 x k.

Byte 41: This byte shall be reserved.
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Byte 42:

Typ write multi-pulse duration

This byte specifies the duration of the second and higher pulses of the multi-pulse
train, in the extended N-1 write strategy, for recording marks (see Annex F for the
detailed definition).

The first 5 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:

Ty
p:32x%(05ps30)
W

Bytes 4

Bytes 43

Byte 4

Byte 4

Byte 4

3 to 63:

to 47:

T

-

Byte 46

Byte 47:

100

The last 3 bits (bits b, to b)) of this byte shall be reserved.

In these bytes, Anchor position or duration time is defined for dT;,, T,
and dTp.

Anchor position means the leading-edge position of each write pulse{(see Figure EJl

dTLP, T LP,

=
—

Regarding the duration time, anchor is specified in a similar way:

dT,p,

The first 6 bits (bits b, to b,) of these bytes specify thé-start time of the first pulse
of the multi-pulse train, in the extended N-1 write strategy, for recording marks
with run-lengths 2T, 3T, 4T and 25T with a preeeding =5T space (positive valyes
are leading, negative values are lagging; see Aninex F for the detailed definition).

first-write-pulse start time

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 a, such that:

dT,
a=32x —P (-28<q<30)
Tw
The last 2 bits (bits b; to b,) of\these bytes shall be reserved.

This byte shall specify the start time of the pulse for recording marks of run-length
2T with a succeeding 2T space, relative to the trailing edge of the first channel bifof
the data pulse (positive values are leading, negative values are lagging; see Annex F
for the detailed definition).

This byte shall $pecify the start time of the pulse for recording marks of run-length
2T with a succeeding 23T space, relative to the trailing edge of the first chanmel
bit of the-data pulse (positive values are leading, negative values are lagging;
see Ahnex F for the detailed definition).

This byte shall specify the start time of the first pulse of the multi-pulse train for
recording marks of run-length 3T, relative to the trailing edge of the first chqn-
nel bit of the data pulse (positive values are leading, negative values are lagging;
see Annex F for the detailed definition).

y in for
recording marks of run-length 4T, relative to the trailing edge of the first chan-
nel bit of the data pulse (positive values are leading, negative values are lagging;
see Annex F for the detailed definition).

This byte shall specify the start time of the first pulse of the multi-pulse train for
recording marks of run-lengths =5T, relative to the trailing edge of the first chan-
nel bit of the data pulse (positive values are leading, negative values are lagging;
see Annex F for the detailed definition).
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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 =5T space (see Annex F for
the detailed definition).

These bytes shall specify a fraction of the actual channel bit clock period, as an
unsigned binary number b, such that:

T
b=32x " (3. he 50

Byte 48:

Byte 49:

Byte 50:

Byte 51:

Byte 52:

Bytes 53 to 55:

Byte 53:

Byte 54:

Tw =~
The last 2 bits (bits by to by) of these bytes shall be reserved.

This byte shall specify the duration of the pulse for recording mharks of rpin-length
2T with a succeeding 2T space (see Annex F for the detailed definition).

This byte shall specify the duration of the pulse for recording marks of rin-length
2T with a succeeding 23T space (see Annex F for theldetailed definition).

This byte shall specify the duration of the firstpulse, of the multi-pulse| train, for
recording marks of run-length 3T (see Annex Efor the detailed definitiqn).

This byte shall specify the duration of the first pulse, of the multi-pulse| train, for
recording of marks of run-length 4T fsee Annex F for the detailed definition).

This byte shall specify the durationof the first pulse, of the multi-pulse| train, for
recording marks of run-lengthsz5T (see Annex F for the detailed definiftion).

dT|p last-write-pulse start time

The first 6 bits (bits bytob,) of these bytes specify the start time of the Jast pulse
of the multi-pulse train, in the extended N-1 write strategy, for recording marks
with run-lengths 8T, 4T, and 25T with a succeeding 25T space (positive yalues are
leading, negative’values are lagging; see Annex F for the detailed definitfion).

The last-pulsé start time dT| p is expressed as a fraction of the actual channel bit
clock period, as a signed two’s-complement binary number ¢, such that:

c=32x dTip (-30<c<30)
Tw
Phe last 2 bits (bits by to b)) of these bytes shall be reserved.

This byte shall specify the start time of the last pulse of the multi-puls¢ train for
recording marks of run-length 3T relative to the leading edge of the lagt channel
bit of the data pulse (positive values are leading, negative values ar¢ lagging;
see Annex F for the detailed definition).

This byte shall specify the start time of the first pulse, of the multi-pulsd train, for

Byte 55:

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 for the detailed definition).

This byte shall specify the start time of the first pulse of the multi-pulse train for
recording marks of run-lengths =5T relative to the leading edge of the last chan-
nel bit of the data pulse (positive values are leading, negative values are lagging;
see Annex F for the detailed definition).
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Bytes 56 to 58:

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
run-lengths 3T, 4T and =5T with a succeeding 25T space (see Annex F for the de-
tailed definition).

These bytes shall specify a fraction of the actual channel bit clock period as an
unsigned binary number d such that:

d=32 P (0 <d<30)

oY

Byte 5

Byte 5¥:

Byte 58:

Bytes 59|to 63:

Byte 59:

Byte 6:

Byte 6]:

13

Byte 6

Ty
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 for the detailed defigition).

This byte shall specify the duration of the last pulse, of the multitpulse train, for
recording marks of run-length 4T (see Annex F for the detailed’definition).

This byte shall specify the duration of the last pulse, pf\the multi-pulse train, for
recording marks of run-lengths =5T (see Annex F for'the detailed definition).

dTg start time of the erase level

The first 7 bits (bits b, to b;) of these bytes spetify the start time of the erase leyel
of the extended N-1 write strategy for the.xrecording marks with run-lengths 2T,
3T, 4T, and 25T with a succeeding 25T space (positive values are leading, negative
values are lagging; see Annex F for thedetailed definition).

The start time of the erase level dFy is expressed as a fraction of the actual channpel
bit clock period, as a signed twd’s-complement binary number e, such that:
e=32x Ty

Tw
The last bit (bit b)) ofthese bytes shall be reserved.

(-48 < e < 30)

This byte shallspecify the start time of the erase level for recording marks of ryn-
length 2T with)a preceding 2T space.

This byte shall specify the start time of the erase level for recording marks of ryn-
length-2T with a preceding 23T space.

This byte shall specify the start time of the erase level of the multi-pulse train for
recording marks of run-length 3T.

This byte shall specify the start time of the erase level of the multi-pulse train for
recording marks of run-length 4T.

Byte 63:

Byte 64:

Bytes 65 to 98:

102

Thisbyte shali specify the Start time of The erase [evet of the muiti-puise train for
recording marks of run-lengths =5T.

Reserved
This byte shall be set to 00h.

In these bytes, A is defined as the offset from the anchor position or duration time
which is specified from bytes 43 to 63.

Offset means the time difference from the anchor position. Regarding the duration
time, offset is specified in a similar way (see Figure F.1).
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Bytes 65 to 72 and 73 (msb 4 bits): AdT,, first-write-pulse start-time offset

These bytes specify the leading edge 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 for the detailed definition).

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 f, such that:

., AdT, |
f=32x —— (=28 < f< 30). for Byte 65 and 66;

W
Athop .
f=32x o (-8 < f< 7). for Byte 67 to 72 and 73 (msb 4 bits).
w
Table 1 — Dependence of the dT;,, value for each mark
Mark
2M
Preceding space -
Succeeding space 3M 4M >5M
28 23S
2S
3S ¥
4S
>5S a

Table 1 shows the dependence of the dT,,, valuefor each mark that is going to be writtdn, on the

P
ar

Se

f

a

Byte 65:

Byte\66:

n_n

eceding and succeeding spaces. The area denoted by "a" accommodates the anchor valuels and the
ea denoted by " f" includes the offset value asfollows:

The area with this pattern.ncludes the offset values, which are represented by " f].

The area with this patteérnincludes the anchor values, which are represented by "¢". The
value "i =f+a " shall satisfy -28 < i < 30.

The first 6)bits (bits b, to b,) of this byte shall specify the start-time offset of th¢ pulse for
recordifig marks of run-length 2T with a preceding 2T space and a succeeding2T space.
Incase this byte applies, the anchor position is specified in byte 43 (dT;,, for 4 2T mark
with a preceding 25T space and a succeeding 2T space).

The last 2 bits (bits b; 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 th¢ pulse for
recording marks of run-length 2T with a preceding 2T space and a succeeding 33T space.

B dlhic bazta ool £ asa-ch-aria 3o 3 nacifiad dn ezt a 44 (JT £ 2T mark
T CaSTTITS Oy CCappTic S, cracanCoT pUSTOOTT 15 SPLtmCcU T Oy cCo Tt Lu‘tOp TOT

with a preceding 25T space and a succeeding 23T space).

The last 2 bits (bits b; to by) of this byte shall be reserved.
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Byte 67:

Byte 68"

Byte 69:

Byte 7§

Byte 71:

Byte 72:

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-length 3T with a preceding 2T space.
In case these bits (bits b; to b,) apply, the anchor position is specified in byte 45 (d T, for
a 3T mark with a preceding 25T 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 4T with a preceding 2T space.
In case these bits (bits bs to by) apply, the anchor position is specified in byte 46 (dT,, for
a 4T mark with a preceding =5T space).

(dT,p for 25T mark with a preceding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset 6f the pulse for
recording marks of run-length 2T with a preceding 3T space and a succeeding a 2T spage.
In case these bits (bits b; to b,) apply, the anchor position is specifiedin byte 43 (d T, for
a 2T mark with a preceding 25T space and a succeeding 2T space).

The first 4 bits (bits b, to b,) of this byte shall specify the stant-time offset of the pulse for
recording marks of run-length 2T with a preceding 3T space and a succeeding 23T spage.
In case of these bits (bits b, to b,) the anchor position is specified in byte 44 (dT,,, for LT
mark with a preceding 25T space and a succeeding 23T space).

The last 4 bits (bits b to by) of this byte shall specifythe start-time offset of the first pulse
of the multi-pulse train for recording marks ofq@un-length 3T with a preceding 3T spage.
In case of these bits (bits b to by), the anchorgosition is specified in byte 45 (dTy,, for BT
mark with a preceding 25T space).

The first 4 bits (bits b, to b,) of this bytéshall specify the start-time offset of the first pulse
of the multi-pulse train for recording-marks of run-length 4T with a preceding 3T spage.
In case these bits (bits b; to b,) apply, the anchor position is specified in byte 46 (d T, for
a 4T mark with a preceding =5T,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-lengths =5T with a preceding 3T spage.
In case these bits (bits)b; to by) apply, the anchor position is specified in byte 47 (d T, for
a 25T mark with a(preceding 25T space).

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 spage.
In case these bits (bits b; to b,) apply, the anchor position is specified in byte 43 (d T, for
2T mark with a preceding 25T space and a succeeding 2T space).

Thelast 4 bits (bits b; to b)) of this byte shall specify the start-time offset of the pulse for
tecording marks of run-length 2T with a preceding 4T space and a succeeding 23T spage.
In case these bits (bits b; to b) a onis specified in byte 44 (dT,,

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-length 3T with a preceding 4T space.
In case these bits (bits b; to b,) apply, the anchor position is specified 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 first pulse
of the multi-pulse train for recording marks of run-length 4T with a preceding 4T space.
In case these bits (bits b; to b,) apply, the anchor position is specified in byte 46 (dT,, for
a 4T mark with a preceding 25T space).

Byte 73 (msb 4 bits):

104
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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 =5T with a preceding 4T. In
case these bits (bits b, to b,) apply, the anchor position is specified in byte 47 (dT,,, 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

apreceding 2T, 3T, or 4T space (see Annex F for the detailed definition).

an
by

Table 2 shows the dependence of the Ty, value for each mark that is going to be written, on the

These bytes shall specify a fraction of the actual channel bit clock period, as
two’s-complement binary number g, such that:

AT,
g=32><% (-8=sg<7)

w

Table 2 — Dependence of the T, value for eachanark

Mark

2M
Succeeding space 3M 4M 25M
28 23S

Preceding space

2S
3S g

=5S b

d succeeding spaces. The area denoted:by "b" accommodates the anchor values and the are

'g" includes the offset values as followws:

b The area with this pattern includes the anchor values, which are represented b
The value "j-=g + b " shall satisfy 0 < j < 60.

g The area with this pattern includes the offset values, which are represented by|"g

a signed

preceding
h denoted

y "b".

Sele E.2.

Byte 73: (Isb 4'bits):

The last 4 bits (bits b; to by) of this byte shall specify the duration offset of thg pulse for
recording marks of run-length 2T with a preceding 2T space and a succeeding 2T space
(see Annex F for the detailed definition). 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 §pace and

asucceedinag 2T snace)
o r J

op

Byte 74:

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 succeeding 23T
space (see Annex F for the detailed definition). 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 25T
space and a succeeding 23T 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-length 3T with a preceding 2T space
(see Annex F for the detailed definition). 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).
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Byte 75:

Byte 76

Byte 7}:

Byte 78:

Byte 79:

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-length 4T with a preceding 2T space
(see Annex F for the detailed definition). In case these bits (bits b, to b,) apply, the anchor
duration time is specified in byte 51 (T, for a 4T mark with a preceding 25T space).

The last 4 bits (bits b; to by) 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 preceding 2T space
(see Annex F for the detailed definition). In case these bits (bits bs to b) apply, the anchor
duration time is specified in byte 52 (T;,, for a 25T mark with a preceding 25T space).

4ot bIts b, 1o D)0 IS byteshmaltspecify the durationm offseto EPUISE
recording marks of run-length 2T with a preceding 3T space and a succeeding 2Trspa

duration time is specified in byte 48 (T, for 2T mark with a preceding 25K space apd
a succeeding 2T space).

the anchor duration time is specified in byte 49 (T
space and a succeeding 23T space).

op for a 2T mark' with a preceding 2

space (see Annex F for the detailed definition). In case’these bits (bits b, to b,) apply, the
anchor duration time is specified in byte 50 (T;,, for 3T mark with a preceding 25T spade

op
The last 4 bits (bits b; to b)) of this byte shalkspecify the duration offset of the first pulse
of the multi-pulse train for recording marks-of run-length 4T with a preceding 3T spdce
(see Annex F for the detailed definition).dn case these bits (bits b; to by) apply, the anchor
duration time is specified in byte 51(%,,, for a 4T mark with a preceding 25T space).

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 preceding 3T spdce
(see Annex F for the detailed definition). In case these bits (bits b, to b,) apply, the anchor
duration time is specified in byte 52 (T;,, for a 25T mark with a preceding 25T space).

The last 4 bits (bitgbgto b)) 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 succeeding 2T spgce
(see Annex F forthe detailed definition). In case these bits (bits b; to by) apply, the anchor
duration timeis specified in byte 48 (T, , for a 2T mark with a preceding 25T space apd
a succeeding 2T space).

Thedfifst 4 bits (bits b, to b,) of this byte shall specify the duration offset of the pulse

anchor duration time is specified in byte 49 (T, for a 2T mark with a preceding >
space and a succeeding 23T space).

106

The last 4 bits (bits b; to by) of this byte shall specify the duration offset of the first pulse
of the multi-pulse train for recording marks of run-length 3T with a preceding 4T space
(see Annex F for the detailed definition). 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).

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

Byte 80:

Bytes81to84amd 85 (msb 4 bits)Ad T [ tast-pulsestart-time offset

ISO/IEC 30193:2021(E)

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-length 4T with a preceding 4T
space (see Annex F for the detailed definition). 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 by) 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 preceding 4T space
(see Annex F for the detailed definition). 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).

These bytes specify the start-time offset of the last pulse of the multi-pulsetrain, in the
extended N-1 write strategy, for recording marks with run-lengths 3T,4F, and[=5T with
a succeeding 2T, 3T, or 4T space (see Annex F for the detailed definition).

The last-pulse start-time offset AdT| p is expressed as a fractiomofithe actual channel bit
clock period, as a signed two’s-complement binary number k; such that:

h=32x240e g po
Ty

Table 3 — Dependence of the dT|, value'for each mark

Mark
Succeeding space
3M 4M =5M
2S
3S h
4S
>5S c

Table 3 shows the dependence of thedT;, value for each mark that is going to be writtgn, on the

n_n

preceding and succeeding spaces. The’area denoted by "c" accommodates the anchor valuefs and the

arpa denoted by "h" includes the offset values as follows:

h
c

Sele E.2.

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.

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset :ﬁf the last
pulse of the multi-pulse train for recording marks of run-length 3T with a sficceeding
2T space. In case these bits (bits b, to b,) apply, the anchor position is specifi¢d in byte
53 (dTp for a 3T mark with a succeeding 25T space).

T'he Tast 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).
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Byte 82:

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-lengths 25T with a succeeding
2T space. In case these bits (bits b; to b,) apply, the anchor position is specified in byte

55 (dTyp for a 25T mark with a succeeding >5T 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 marks of run-length 3T with a succeeding
3T space. In case these bits (bits b; to by) apply, the anchor position is specified in byte

53 (dTp for a 3T mark with a succeeding 25T space).

Byte 8

Byte 84

=4

Thetirst#bits(bits b, tobz)of thisbytestrattspecify the starttime offsetof the 1z
pulse of the multi-pulse train for recording marks of run-length 4T with a succeedi
3T space. In case these bits (bits b, to b,) apply, the anchor position is specifiedun’by
54 (dTp for 4T mark with a succeeding >5T space).

The last 4 bits (bits bs to b,) of this byte shall specify the start-time offset of the I
pulse of the multi-pulse train for recording marks of run-lengths 25T with a succeedi
3T space. In case these bits (bits b to b)) apply, the anchor position'is specified in by,
55 (dTyp for a 25T mark with a succeeding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify theStart-time offset of the 1
pulse of the multi-pulse train for recording marks of run-length 3T with a succeedi
4T space. In case these bits (bits b, to b,) apply, the anchor position is specified in by
53 (dTyp for a 3T mark with a succeeding >5T space):

The last 4 bits (bits b; to by) of this byte shall spécify the start-time offset of the I
pulse of the multi-pulse train for recording ofqmarks of run-length 4T with a succeedi
4T space. In case these bits (bits bs to by) apply, the anchor position is specified in by
54 (dTp for 4T mark with a succeeding 25T space).

Byte 8p (msb 4 bits):

The first 4 bits (bits b, to b,) ofithis byte shall specify the start-time offset of the I
pulse of the multi-pulse trainfor recording marks of run-lengths 25T with a succeedi
4T space. In case these bits'{bits b, to b,) apply, the anchor position is specified in by
55 (dT\p for 2 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 tra
in the extended N-1 write strategy, for recording marks with run-lengths 3T, 4T, and =
with a sueceeding 2T, 3T, or 4T space (see Annex F for the detailed definition).

This byte shall specify a fraction of the actual channel bit clock period, as a sign
two's-complement binary number v, such that:

AT,
v=32x — (-8<v<7)
Tw

st

ng
te

st

ng
te

st

ng
te

st

ng
te

st

ng
te

n,
b T
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Table 4 — Dependence of the T, value for each mark

Mark
Succeeding space
3M 4M =5M
2S
3S 1%
4S
>5S d
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Table 4 shows the dependence of the T p value for each mark that is going to be written, on the preceding
and succeeding spaces. The area denoted by "d" accommodates the anchor values and the area denoted

non

by "v" includes the offset values as follows:

non

1% The area with this pattern includes the offset values, which are represented by "v".

d The area with this pattern includes the anchor values, which are represented by "d".
The value "s = v + d" shall satisfy 0 < s < 30.

See F.2.

Byte 85 (Isb 4 bits):

The last 4 bits (bits bs to b)) of this byte shall specify the duration offset pfthe[last pulse
of the multi-pulse train for recording marks of run-length 3T with a sticceeding 2T space
(see Annex F for the detailed definition). 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 sueteeding >57| space).

Byte 86: The first 4 bits (bits b, to b,) of this byte shall specify the daration offset of theflast pulse
of the multi-pulse train for recording marks of run-length 4T with a succeeding 2T space
(see Annex F for the detailed definition). In case thesedits’(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 b)) of this byte shall spéeify the duration offset of the lajt pulse of
the multi-pulse train for recording marks offun-lengths =5T with a succeeding 2T space
(see Annex F for the detailed definition). In case these bits (bits b; to by) apply, the anchor
duration time is specified in byte 58 (Tppfor 25T mark with a succeeding >5T|space).

Byte 87: The first 4 bits (bits b, to b,) of thisbyte 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 for the detailed définition). In case these bits (bits b, to b,) apply, the anchor
duration time is specified inbyte 56 (T p for a 3T mark with a succeeding >57T| space).

The last 4 bits (bits b; to.b,) of this byte shall specify the duration offset of the Jast pulse
of the multi-pulse traip'for recording marks of run-length 4T that with a succ¢eding 3T
space (see Annex F\for the detailed definition). In case these bits (bits b; to b,) ppply, the
anchor duration time is specified in byte 57 (T p for a 4T mark with a succe¢ding >5T
space).

Byte 88: The first4 bits (bits b, to b,) of this byte shall specify the duration offset of the|last pulse
of thefmulti-pulse train for recording marks of run-lengths =5T with a succeeding 3T space
(seeAnnex F for the detailed definition). 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 25T space).

The last 4 bits (bits b; to b,y of this byte shall specify the duration offset of the Jast pulse
of the multi-pulse train for recording marks of run-length 3T with a succeeding 4T space
(see Annex F for the detailed definition). In case these bits (bits b; to b,) apply, the anchor
duration time is specified in byte 56 (T p for a 3T mark with a succeeding >57| space).

Byte 89: 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 for the detailed definition). 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 25T 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 with a succeeding 4T space
(see Annex F for the detailed definition). In case these bits (bits b; to by) apply, the anchor
duration time is specified in byte 58 (T p for a 25T mark with a succeeding >5T space).

Bytes 90 to 97 and 98 (msb 4 bits): AdTy, start-time offset of the erase level
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These bytes specify the start-time offset of the erase level, in the extended N-1 write
strategy, for recording marks with run-lengths 2T, 3T, 4T, and =5T with a succeeding 2T,
3T, or 2 4T space (positive values are leading, negative values are lagging; see Annex F

for the detailed definition).

The start-time offset of the erase level AdT} is expressed as a fraction of the actual channel

bit clock period, as a signed two’s-complement binary number w, such that:

AdT;
w =32 x T E (-24 <w < 15) for Byte 90 and 91;
w
w =32 x m;fﬂ (-8 <w<7) for Byte 92 to 97 and 98 (msb 4 bits).
w

Table 5 — Dependence of the dT value for each mark

Mark
Succeeding space Z_M
Preceding space 3M 4M 25M
28 23S

2S
3S w
4S

>5S e

Table 5 sHows the dependence of the dT, value for each markehat is going to be written, on the precedi

n_n

and succdeding spaces. The area denoted by "e" accommaodates the anchor values and the area denot
by "w" in¢ludes 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 includesithe anchor values, which are represented by "e". The

ng
ed

€ value "u = w + ¢" shall satisfy -48< u < 30.
See F.2.

Byte 90: The first 6 bits (bits b, to b,) of this byte shall specify the start-time offset of the ergse
level for recording marks of run-length 2T with a succeeding 2T space and a precedipg
2T space. In'case this byte applies, the anchor position is specified in byte 59 (dT} fof a
2T mark-with a preceding 2T space and a succeeding 25T space).

The last-2 bits (bits b; to by) of this byte shall be reserved.

Byte 91L: The'first 6 bits (bits b, to b,) of this byte shall specify the start-time offset of the ergse
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 (dT for
The last 2 bits (bits b; to b)) of this byte shall be reserved.

Byte 92: 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-length 3T with a succeeding 2T
space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte 61

(dT for a 3T mark with a succeeding =5T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset of the suc-
ceeding erase level of the multi-pulse train for recording marks of run-length 4T with a
2T space. In case these bits (bits bs to b,) apply, the anchor position is specified in byte

62 (dTg for a 4T mark with a succeeding >5T space).
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Byte 93: 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 25T with a succeeding
2T space. In case these bits (bits b; to b,) apply, the anchor position is specified in byte
63 (dT§ 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 erase
level for recording marks of run-length 2T with a succeeding 3T space and a preceding
2T space. In case these bits (bits b to by) apply, the anchor position is specified in byte
59 (dTg for a 2T mark with a preceding 2T space and a succeeding >5T space).

7 0Dy =t the erase
level for recording of marks of run-length 2T with a succeeding 3T space and apreceding
>3T space. In case these bits (bits b, to b,) apply, the anchor position is specifipd in byte
60 (dTg for 2T mark with a succeeding 25T space and a preceding 23T 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-length 8P with a succgeding 3T
space. In case these bits (bits b; to by) apply, the anchor position is specified |n byte 61
(dTg for a 3T mark with a succeeding 25T space).

Byte 95: 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-length 4T with a succeeding 3T
space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte 62
(dTg for a 4T mark with a succeeding 25T spacé).

The last 4 bits (bits b; to by) of this byte.shall specify the start-time offset ofthe erase
level of the multi-pulse train for recording marks of run-lengths 25T with a sficceeding
3T space. In case these bits (bits b; teb,) apply, the anchor position is specifi¢d in byte
63 (dTg for 2 a 5T mark with a succeeding >5T space).

Byte 96: The first 4 bits (bits b, to b,).6f 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 specifi¢d in byte
59 (dTg for a 2T markewith a succeeding >5T space and a preceding 2T space)

The last 4 bits (bits.b; 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 precgding 23T
space. In case these bits (bits b to b)) apply, the anchor position is specified in byte 60
(dTg for a@T mark with a preceding 23T space and a succeeding 25T space).

Byte 97: 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-length 3T with a succgeding 4T
Space. In case these bits (bits b, to b,) apply, the anchor position is specified |n byte 61
(dTg 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 erase
level of the multi-pulse train for recording marks of run-length 4T with a succgeding 4T
space. In case these bits (bits b to by) apply, the anchor position is specified 1n byte 62

(dT _fora AT mark with a2 succeeding >ET cnace)
\S B o = r J

Byte 98 (msb 4 bits):

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 25T with a succeeding
4T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte
63 (dTg for a 25T mark with a succeeding >5T space).

Byte 98: (Isb 4 bits):
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Byte 99:

Reserved
These bits shall be set to 0000.

Reserved
This byte shall be set to 00h.

Bytes 100 to 111: DI unit footer

See 15.8.3.2.

15.8.3.4

The conte

Definitions for DI format 5 (Extended N/2 write strategy)

nt of the body of DI units according to format 5 shall be as depicted in Figure 80.

112
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Number of
Byte number Content bytes
O0to7 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
17 to 18 Reserved 2
19 to 26 Data zone allocation 8
27 Reserved 1
28to 29 Recording velocity 2
30 Maxir_num dc read powers at the nominal recording 1
velocity
31 Maxim}lm HF-mpdulated read powers at the nominal 1
recording velocity
32 Reserved 1
33to41 Write power settings 9
42 Typ write multi-pulse duration 1
43 to 47 dT,,, first write-pulse start time 5
48 to 52 T\, first write-pulse duration 5
53to 54 dT,p last-write pulse start:titne 2
55to0 56 T, p last-pulse duration 2
57to 61 dTjy start time of theerase level 5
62 Reserved 1
7?3(;?512%1?&) AdT,,, first write-pulse start time offset 8,5
7a1ngs7bzl%[:17t§) AT, first write-pulse duration offset 7,5
79 to 81 AdFpplast-pulse start time offset 3
82 to 84 ATy last-pulse duration offset 3
925(;?53246{;}35) AdTy start time offset of the erase level 8,5
93 (Isb 4,bits') | Reserved 0,5
94 0’99 Reserved 6
100%to 111 DI-unit footer 12
Figure 80 — Content of disk information for DI format 5

Bytes 0 to 1:

Byte 2:

Byte 3:

DI identifier

See 15.8.3.2.

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.

Number of DI aux frames in each DI block/Number of the layer to which this
DI unit applies
See 15.8.3.2.
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Byte 4:

Byte 5:

Byte 6:

Reserved
See 15.8.3.2.

DI-unit sequence number in DI block
See 15.8.3.2.

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

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

Byte 7:

Bytes 8 tp 10:

Byte 11:

Bits b to b6:

Bits bd to by:

Bits b3 to bO:

Byte 12:

Bits bto by:

Bits b{ to by:

Byte 13:

Bits b{to/by:

set to 00h.

Reserved
See 15.8.3.2.

BD layer type identifier

These three bytes identify the type of the BD layer to which this DI unit applies
and shall be set to 42 44 57h, representing the characters “BRW” in each rewritg
ble layer.

Disk size/Class/Version

These 2 bits specify the disk size. They shall beset to 00, indicating a 120 mm
disk.

These 2 bits specify the class number. The'class number identifies BD layers of the
same layer type but with different basi€&’specifications.

BD layers according to this document'shall 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¥ersion number. They shall be set to 0011, indicating a layjer
according to this docunient.

BD structure

These 4 bits'specify the total number of BD recording/recorded layers on the digk.
These bits.shall be set to 0011, indicating 3 recording layers.

Thesé-4 bits specify the type of BD recording/recorded layer to which this DI upit
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.

Bits b3 to bo:

Byte 14:

114

These 4 bits specify the main data channel bit Iength, which shall be the same on all
BD recording layers.

They shall be set to as follows:
0000, reserved;
0101, indicating a channel bit length of 55,87 nm (33,4 Gbyte per layer);

Others: reserved.

Push-pull polarity flag bits
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Bitb;:

Byte 15:

ISO/IEC 30193:

Each bit b; shall specify the polarity of the push-pull signal on recordin
(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.

Recorded mark polarity flag bits

2021(E)

g layer Li

Bitb;:

Byte 16:
Bits b, to by:

Bits b; to by:

Bytes 17 to 18:

Bytes 19 to 26:

Bytes 19 to 22:

Each bit b; shall specify the polarity of recorded marks on recording layer

They shall be set to as follows:

ZERO, indicating a layer type on which recorded marks have
reflectivity than the unrecorded layer (HTL disks);

ONE, indicating a layer type on which recordéd)marks have
reflectivity than the unrecorded layer;

For recording layers that are not present, bit b; shall be set to ZERO;
For this document, this byte shall be set to 00k,

BCA descriptor
These 4 bits shall be reserved.

These 4 bits indicate the presenge of a BCA code on this disk:
They shall be set to as follows:

0000: indicating no BCAcode;

0001: indicating BEA'code is present;

Others: reserved:

Reserved
These bytes shall be set to all 00h.

Data zone allocation

These bytes shall specify the first physical ADIP address of the data zq
related layer.

In each DI unitrelating to layer L0, these bytes shall be set to 00 02 00 00h §
PAA 131 072 as the first PAA of data zone 0.

In each DI unit relating to layer L1, these bytes shall be set to a value F4
shall be 00 5E EC 80h for a disk with a user data capacity of 33,4 Gbyte

Li.

a lower

h higher

ne of the
ndicating

\A, which
per layer,

indicating PAA 6 220 928 for 33,4 Gbyte per layer as the first PAA of the data zone 1.
In each Dl unitrelating to layer L2, these bytes shall be set to 00 82 00 00h indicating

PAA 8 519 680 as the first PAA of the data zone 2.

© ISO/IEC 2021 - All rights reserved

115


https://standardsiso.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

Bytes 23 to 26:

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 Gbyte per layer,
indicating PAA 2 167 678 for 33,4 Gbyte per layer as the last PAA of the data zone 0.

In each DI unitrelating to layer L1, these bytes shall be set to 00 7D FF FEh indicating
PAA 8 257 534 as the last PAA of the data zone 1.

In each DI unitrelating to layer L2, these bytes shall be set to the value LAA + 00 80 00 00h,

Byte 27:

Bytes 28|to 29:

Bytes P8 to 29:

Byte 30:

which shall be 00 AL 13 7E l for a disK with a User data capacity of 33,4 Gbyte fger
layer, indicating PAA 10 556 286 for 33,4 Gbyte per layer as the last PAA of the dqta
zone 2.

Reserved
This byte shall be set to 00h.

Recording velocity

These bytes shall specify the nominal recording velocity;te-be used with the param-
eters as defined in this DI unit, as a 2-byte binary numbet (byte 28 is MSB).

It shall specify the nominal recording velocity asa number n such that:
n=100xV

n shall be equal to 02 E2h to indicate a nominal recording velocity of 7,38 m/s.

Maximum dc read power at the nomifal recording velocity

The maximum read power is defined as the maximum optical power to which this
DI unit applies on the entrance surface of the disk, at which at least 10° successive
reads can be applied withoutdegrading the recorded signals (see 30.7). Maximym
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.

This byte shall specify the dc read power P, at a readout velocity equal to the nom-
inal recording velacity, in milliwatts, defined in bytes 28 and 29 of this DI unit. The
decimal expression of this byte is as follows:

n =100(x\P.

NOTE 1 |[Forreading atlowej*speeds than the nominal velocity specified in this DI unit, a reduction of the read

power canbe necessary té guarantee the stability of recordings on the disk.

Byte 31: Maximum HF-modulated read powers at the nominal recording velocity

The maximum read power is defined as the maximum optical power to which this DI upit
applies on the entrance surface of the disk, at which at least 10° successive reads can pe

appiled without degrading the recorded signais (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.

This byte shall specify the maximum HF-modulated read power P.. at a readout velocity
equal to the nominal recording velocity, in milliwatts, defined in byte 28 and 29 of this DI
unit. The decimal expression of this byte is as follows:

n=100x P,

NOTE 2  Forreading at lower speeds than the nominal velocity specified in this DI unit, a reduction of the read
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: Pynp: Piyp can be used as a starting value for the determination of Py, 4 in the
OPC procedure (see Annex G for the detailed procedure).
These bytes shall specify the indicative value Pjyp of Pi,p4e in milliwatts, as a
number n such that:
n=20x Pp
where bit b, of byte 33 is the MSB and bit b, of byte 34 is the LSB:
Byte 35: Myyp: Myyp can be used as a starting value for the determination of Py}, in the
OPC procedure (see Annex G for the detailed procedure)f
This byte shall specify the modulation at Py as detérmined by the me¢dia man-
ufacturer as a number n such that:
n =200 x myyp.
Byte 36: p: This byte shall specify the write power multiplication factor p used in the OPC
algorithm (see Annex G for the detailed procedure) as a number n suchj that:
n=100xp
Byte 37: &gw: This byte shall specify thewrite bias/write peak power ratio ey, Used in the
OPC algorithm (see Annex GAfer the detailed procedure) as a number n fuch that:
n= 200 XSBW
Byte 38: £c: This byte shall specify the cooling/write peak power ratio £ used ip the OPC
algorithm (see Annex G for the detailed procedure) as a number n such that:
n =200 x &
Byte 39: £g: This byte shall specify the erase/write peak power ratio ¢ used i the OPC
algorithm (see Annex G for the detailed procedure) as a number n sucl that:
=200 x g
Byte 40: k: This byte shall specify the target value for k used in the OPC procedure
(see Annex G for the detailed procedure) as a number n such that:
n=20xk
Byte 41: This byte shall be reserved.
Byte'42: Typ write multi-pulse duration

This byte specifies the duration of the second and subsequent puises of the mul-
ti-pulse train, in the extended N/2 write strategy, for recording marks (see Annex F
for the detailed definition).

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 M (0<p<62)
TW
The last 2 bits (bits b; to b)) of this byte shall be reserved.
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Bytes 43 to 61:

Bytes 43 to 47:

In these bytes, anchor position or duration time is defined for dTy,, T;op dTp,
T1pand dTg. Anchor position means the leading edge position of each write pulse
(see Figure F.3). Regarding the duration time, anchor is specified in a similar way:.

dTy,p

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 recording
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 for

first-write-pulse start time

Byte 48:

Byte 4{:

T

Byte 4

oY

Byte 4

Byte 47}:

Bytes 48|to 52:

Byte 48:

118

thredetaited defimition):
The first-pulse start time dT;,, is expressed as a fraction of the actual chainel pit
clock period, as a signed two’s-complement binary number a, such that:

dT
a:32x% (-32 <a<30)

w
The last 2 bits (bits b; to b)) of these bytes shall be reserved.

This byte shall specify the start time of the pulse for recarding marks of run-length
2T with a succeeding 2T space, relative to the trailing edge of the first channel
bit of the data pulse (positive values are leading;negative values are lagging;
see Annex F for the detailed definition).

This byte shall specify the start time of the pulse for recording marks of run-length
2T with a succeeding 23T space, relativeto the trailing edge of the first chanmnel
bit of the data pulse (positive values are leading, negative values are lagging;
see Annex F for the detailed definjtion).

This byte shall specify the stagttime of the first pulse, of the multi-pulse train, for
recording marks of run-length 3T, relative to the trailing edge of the first chan
bit of the data pulse (pogitive values are leading, negative values are laggi
see Annex F for the detéiled definition).

This byte shall specify the start time of the first pulse, of the multi-pulse trajn,
for recording marks of run-lengths [4T, 6T, 8T], relative to the trailing edge of the
first channelbit of the data pulse (positive values are leading, negative values gre
lagging; see Annex F for the detailed definition).

Thisbyte shall specify the start time of the first pulse of the multi-pulse train for
recording marks of run-lengths [5T, 7T, 9T], relative to the trailing edge of the
first channel bit of the data pulse (positive values are leading, negative valyes
are lagging; see Annex F for the detailed definition).

Tiop first-write-pulse duration
The first 7 bits (bits b, to b;) of these bytes specify the duration of the first pulse
with run-lengths 2T, 3T, [4T, 6T, 8T], and [5T, 7T, 9T] with a preceding = 5T space
(see Annex F for the detailed definition).

These bytes shall specify a fraction of the actual channel bit clock period, as an
unsigned binary number b, such that:

T.
b=32x -2 (0<h<92)
Ty
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 for the detailed definition).
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This byte shall specify the duration of the pulse for recording marks of run-length
2T with a succeeding 23T space (see Annex F for the detailed definition).

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 for the detailed definition).

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 for the detailed definition).

This byte shall specify the duration of the first pulse, of the multi-pulse train, for

Bytes 53 to 54:

Byte 53:

Byte 54:

Bytes 55 to 56:

recording marks of run-lengths [5T, 7T, 9T] (see Annex I for the detailed definition).

dT;p last-write-pulse start time

The first 6 bits (bits b, to b,) of these bytes specify the start gime of theflast pulse
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 suceeeding 25T space (pos-
itive values are leading, negative values are lagging; see Annex F for the detailed
definition).

The last-pulse start time dT p is expressed as-a'fraction of the actual channel bit
clock period, as a signed two’s-complement binary number ¢, such that:

dTip
c=32x —— (-30=<c<30)
Ty
The last 2 bits (bits b; to b)) of these bytes shall be reserved.

This byte shall specify the stapt time of the last pulse of the multi-puls¢ train for
recording marks of run-lehgths [4T, 6T, 8T] relative to the leading edige of the
last channel bit of the data'pulse (positive values are leading, negative yalues are
lagging; see Annex FE for'the detailed definition).

This byte shall.specify the start time of the last pulse of the multi-puls¢ train for
recording marks of run-lengths [5T, 7T, 9T] relative to the leading edige of the
last channél bit of the data pulse (positive values are leading, negative yalues are
lagging; see Annex F for the detailed definition).

T\ last-pulse duration

The first 6 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 mprks with
run-lengths [4T,6T,8T] and [5T,7T,9T] with a succeeding 25T space (sef Annex F
for the detailed definition).

These bytes shall specify a fraction of the actual channel bit clock perfiod, as an
unsigned binary number d, such that:

T
d=32x 12 (0<d<62)

Byte 55:

Byte 56:

'w
The last 2 bits (bits b; to by) 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-lengths [4T, 6T, 8T] (see Annex F for the detailed definition).

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 for the detailed definition).
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Bytes 57 to 61:

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, 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 values
are leading, negative values are lagging; see Annex F for the detailed definition).

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,
27 L 29 20
=] U J

Byte 5¥:

Byte 58:

Byte 59:

Byte 6:

Byte 6]:

Byte 62:

Bytes 63 to 93

a o Al
C— =C =JU]J

|8

Ty

The last bit (bit b)) of these bytes shall be reserved.

This byte shall specify the start time of the erase level for recording marks|of
run-length 2T with a preceding 2T space, relative to the trailing-€dge of the 13st
channel bit of the data pulse (positive values are leading, n€gative values gre
lagging; see Annex F for the detailed definition).

This byte shall specify the start time of the erase levelyfor recording marks|of
run-length 2T with a preceding 23T space, relative td-the trailing edge of the 13st
channel bit of the data pulse (positive values aré&leading, negative values qre
lagging; see Annex F for the detailed definition).

This byte shall specify the start time of the €fase level, of the multi-pulse train, for
recording marks of run-length 3T, relativeto the trailing edge of the last channel
bit of the data pulse (positive values ‘are leading, negative values are lagging;
see Annex F for the detailed definition).

This byte shall specify the startitime of the erase level, of the multi-pulse trajn,
for recording marks of run-lengths [4T, 6T, 8T], relative to the trailing edge of the
last channel bit of the datapulse (positive values are leading, negative values gre
lagging; see Annex F for-the detailed definition).

This byte shall specify the start time of the erase level, of the multi-pulse trajn,
for recording marks of run-lengths [5T, 7T, 9T], relative to the trailing edge of the
last channelbitof the data pulse (positive values are leading, negative values gre
lagging; see Annex F for the detailed definition).

Reserved

This'byte shall be set to 00h.
In these bytes, A is defined as the offset from the anchor position or duration tie
which is specified from bytes 43 to 61.

Offset means the time difference from the anchor position. Regarding the duratipn
time, offset is specified in a similar way (see Figure F.3 for the detailed definitiop).

Bytes 63 to 70 and 71 (msb 4 bits): AdT,,, first-write-pulse start-time offset
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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-lengths 2T,
3T, [4T, 6T, 8T], and [5T, 7T, 9T] with a preceding 2T, 3T, or 4T space (see Annex F
for the detailed definition).

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 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 for each mark
Mark
Preceding space Z_M
Succeeding space 3M 4(6,8M 5,7,9M
28 23S

2S

3S 1
4S

>5S a

Table 6 shows the dependence of the dT,,, value‘for each mark that is going to be writtgn, on the

prieceding and succeeding spaces. The area denoted by "a" accommodates the anchor values and the
arga denoted by " f" includes the offset values.as follows:

f The area with this pattern includes the offset values, which are represented by "f[".

The area with this pattern‘includes the anchor values, which are represented by 'ja".
The value "i = f+ a " shall satisfy -28 < i < 30.

%

Sele E.

Byte 63: The first-6 bits (bits b, to b,) of this byte shall specify the start-time offset of|{the pulse
for #ecording marks of run-length 2T with a preceding 2T space and a succ¢eding 2T
space. In case this byte applies, the anchor position is specified in byte 43 (¢T;,, for a
2T mark with a preceding 25T space and a succeeding 2T space).

The last 2 bits (bits b, to by) of this byte shall be reserved.

Byte64: 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 succe¢ding 23T

Tiop fora

2T mark with a preceding 25T space and a succeeding 23T space).

The last 2 bits (bits b; to by) of this byte shall be reserved.
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Byte 65:

Byte 66"

Byte 6}:

Byte 68:

Byte 69:

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-length 3T with a preceding
2T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte
45 (dTy,p, for a 3T mark with a preceding 25T 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-lengths [4T, 6T, 8T] with a
preceding 2T space. In case these bits (bits b to b,) apply, the anchor position is spec-
ified in byte 46 (dT,, for a [4T, 6T, 8T] mark with a preceding 25T space).

7 4
pulse of the multi-pulse train for recording marks of run-lengths [5T, 7T, 9T] svith a
preceding 2T space. In case these bits (bits b, to b,) apply, the anchor position\is Spgc-
ified in byte 47 (dT,,, for a [ST, 7T, 9T] mark with a preceding 25T space).

The last 4 bits (bits bs to by) of this byte shall specify the start-time offsetof the pulse
for recording marks of run-length 2T with a preceding 3T space anda-succeeding a LT
space. In case these bits (bits bs to by) apply, the anchor position isSpecified in byte #3
(dTi,p, for a 2T mark with a preceding 25T space and a succeedifig 2T space).

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 =BT
space. In case these bits (bits b, to b,) apply, the anchor‘position is specified in byte #4
(dTiop for a 2T mark with a preceding 25T space andja succeeding 23T space).

The last 4 bits (bits b to by) of this byte shall specify the start-time offset of the fiyst
pulse, of the multi-pulse train, for recording marks of run-length 3T with a precedihg
3T space. In case these bits (bits b5 to by) apply, the anchor position is specified in byte
45 (dTy,p, for a 3T mark with a precedingz5T space).

The first 4 bits (bits b, to b,) of thisbyte shall specify the start-time offset of the fiyst
pulse, of the multi-pulse train, forrecording marks of run-lengths [4T, 6T, 8T] with a
preceding 3T space. In case thése bits (bits b, to b,) apply, the anchor position is sp¢c-
ified in byte 46 (dT,, for a [4T, 6T, 8T] mark with a preceding 25T space).

The last 4 bits (bits b; te.b) of this byte shall specify the start-time offset of the fiyst
pulse, of the multi-pulse train, for recording marks of run-length [5T, 7T, 9T] with a
preceding 3T space,Ih case these bits (bits bs to by) apply, the anchor position is spgc-
ified in byte 47(dT;,, for a [ST, 7T, 9T] mark with a preceding =5T space).

The first 4®bits (bits b, to b,) of this byte shall specify the start-time offset of the pulse
for recofding marks of run-length 2T with a preceding 4T space and a succeeding RT
spacen case these bits (bits b; to b,) apply, the anchor position is specified in byte #3
(dTipp 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 =BT
space. In case these bits (bits b; to b,) apply, the anchor position is specified in byte #4

Byte 70:

(dT fora 2T mark with 2 nroeceding >ET cnace and a succeeding >3T snace)
\& tOp r o = r o = r J

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-length 3T with a preceding
4T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte
45 (dTy,p, for a 3T mark with a preceding 25T 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-lengths [4T, 6T, 8T] with a
preceding 4T space. In case of these bits (bits b; to b)), the anchor position is specified
in byte 46 (dT,, for a [4T, 6T, 8T] mark with a preceding 25T space).

Byte 71 (msb 4 bits):
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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 [5T, 7T, 9T] with a
preceding 4T space. In case these bits (bits b; to b,) apply, the anchor position is spec-

ified in byte 47 (dT,,, for a [5T, 7T, 9T] mark 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 offset of the first pulse, of the multi-pulse train, in
the extended N/2 write strategy, for recording marks with run-lengths 2T, 3T, [4T, 6T,
8T], and [5T, 7T, 9T] with a preceding 2T, 3T, or 4T space (see Annex F for the detailed

Table 7 shows the dependence of the T, value for each mark thatis going to be written, on the |

an
by

Se

definition).
These bytes shall specify a fraction of the actual channel bit clock period;a
two’s-complement binary number g, such that:

ATtop

g=32x (-8<g<7)

w

Table 7 — Dependence of the T, value for each'mark

Mark
Preceding space Z_M
Succeeding space 3M 4,6,8M 5,7,9M
28 23S

2S

3S g

4S
>5S b

d succeeding spaces. The area denoted by "b" accommodates the anchor values and the are

'g" includes the offset values as(follows:

The area with this pattern includes the anchor values, which are represented by
The value/j=g + b" shall satisfy 0 < j < 92.

e F.3.

Byte 71 (Isb'4 bits):
The last 4 bits (bits b; to b)) of this byte shall specify the duration offset of

2T space (see Annex F for the detailed definition). In case these bits (bits

g The area with this\pattern includes the offset values, which are represented by "g".

b a signed

preceding
h denoted

'b".

the pulse

for recording marks of run-length 2T with a preceding 2T space and a sficceeding

b, to by)

dapply, the ancnor duration time IS speciried In byte 4o (1 Iora Z1 Imna

t
preceding 25T space and a succeeding 2T space). P
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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 succeeding
>3T space (see Annex F for the detailed definition). 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 >5T space and a succeeding =3T 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-length 3T with a preced-
ing 2T space (see Annex F for the detailed definition). 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

Byte 7:

Byte 7

Byte 7

TR

T

preceding =5T space]).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the fiyst
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 6T,8F] with a
preceding 2T space (see Annex F for the detailed definition). In case these bits (bjts
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).

The last 4 bits (bits bs to b)) of this byte shall specify the duration offset of the fiyst
pulse, of the multi-pulse train, for recording of marks of rum=lengths [5T, 7T, 9T] with
apreceding 2T space (see Annex F for the detailed definition). In case these bits (bjts
b; to by) apply, the anchor duration time is specified in byte 52 (Tiop for [5T, 7T, 9T]
mark with a preceding 25T space).

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:apreceding 3T space and a succeedipng
2T space (see Annex F for the detailed definition). In case these bits (bits b, to i)
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).

The last 4 bits (bits b; to b)) of thisbyte shall specify the duration offset of the pulse
for recording marks of run-length 2T with a preceding 3T space and a succeedipg
>3T space (see Annex F for, the detailed definition). In case these bits (bits b to lj)
apply, the anchor duration time is specified in byte 49 (T, for a 2T mark with a
preceding 25T space and a succeeding 23T space).

The first 4 bits (bit$ b, to b,) of this byte shall specify the duration offset of the fiyst
pulse, of the multi-pulse train, for recording marks of run-length 3T with a precqd-
ing 3T space (see Annex F for the detailed definition). In case these bits (bits b,|to
b,4) apply; the anchor duration time is specified in byte 50 (T;,, for a 3T mark with a
preceding >5T space).

The\ast 4 bits (bits bs to b)) of this byte shall specify the duration offset of the fiyst
pulse of the multi-pulse train for recording marks of run-lengths [4T, 6T, 8T] with a
preceding 3T space (see Annex F for the detailed definition). In case these bits (bjts
b; to by) apply, the anchor duration time is specified in byte 51 (T, , for a [4T, 6T, 8T]
mark with a preceding 25T space).

Byte 76:

124

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 for the detailed definition). In case of these bits
(bits by to b,), the anchor duration time is specified in byte 52 (T, for [ST, 7T, 9T]
mark with a preceding 25T space).

The last 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 4T space and a succeeding
2T space (see Annex F for the detailed definition). 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 >5T space and a succeeding 2T space).
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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 4T space and a succeeding
23T space (see Annex F for the detailed definition). 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 >5T space and a succeeding 23T space).

The last 4 bits (bits b to by) 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 preced-
ing 4T space (see Annex F for the detailed definition). In case these bits (bits b; to
b,) apply, the anchor duration time is specified in byte 50 (T},, for a 3T mark with a

Byte 78:

Bytes 79 to 81:

prie

able 8 shows the

area denoted by "h" includes the offset values as follows.

top
preceding =5T spaceJ.

The first 4 bits (bits b, to b,) of this byte shall specify the duration gffsét ¢f the first
pulse, of the multi-pulse train, for recording marks of run-lengths)[4T, 6T, §T] with a
preceding 4T space (see Annex F for the detailed definition). In‘éase these|bits (bits
b to b,) apply, the anchor duration time is specified in byte 3(Ty,p, for a [4T, 6T, 8T]
mark with a preceding 25T space).

The last 4 bits (bits b to by) of this byte shall specify.flie duration offset df the first
pulse of the multi-pulse train for recording marks of\run-lengths [5T, 7T, 9T] with a
preceding 4T space (see Annex F for the detailed’definition). In case these|bits (bits
b; to by) apply, the anchor duration time is speéified in byte 52 (T, fora [4T, 7T, 9T]
mark with a preceding 25T space).

AdT, p last-pulse start-time offset

These bytes specify the start-timecffset of the last pulse of the multi-pulsk train, in
the N/2 write strategy, for recording marks with run-lengths [4T, 6T, 8T] apd [5T, 7T,
9T] with a succeeding 2T, 3T, ex4T space (see Annex F for the detailed definition).

The last-pulse start-time offset AdT) p is expressed as a fraction of the actugl channel
bit clock period, as a signed two’s-complement binary number h, such that:

AdT, p
h=32x —— (+8<h<7)
Ty

Table 8= Dependence of the dT; value for each mark

Mark
3M 4,6,8M 5,7,9M

Succeeding space

2S
3S h
4S
>5S c

dependence of the dT|p value for each mark that is going to be writtdn, on the
i earea-den modatesthe anchorvaluds and the

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 E.3.
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Byte 79:

Byte 86

Byte 8[.:

Bytes 82

to 84: AT, p last-pulse duration offset

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, 6T, 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 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 [5T, 7T, 9T] with a
succeeding 2T space. In case these bits (bits b; to b)) apply, the anchor position is spec-
ified in byte 54 (dT}p for a [5T, 7T, 9T] mark with a succeeding >5T space).

7 4
pulse, 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 positior\s Spec-
ified in byte 53 (dTp for a [4T, 6T, 8T] 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 1gst
pulse, of the multi-pulse train, for recording marks of run-lengths [5/5-7T, 9T] with a
succeeding 3T space. In case these bits (bits b; to by) apply, the ancher position is spgc-
ified in byte 54 (dT}p for a [5T, 7T, 9T] mark with a succeeding 257 space).

The first 4 bits (bits b, to b,) of this byte shall specify theStart-time offset of the 1gst
pulse of the multi-pulse train for recording marks of run-engths [4T, 6T, 8T] with a suic-
ceeding 4T 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 >5T space).

The last 4 bits (bits b; to by) of this byte shall.specify the start-time offset of the 1gst
pulse, of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] with a
succeeding 4T space. In case these bits (bits:bs to b,) apply, the anchor position is sp¢c-
ified in byte 54 (dTp for a [5T, 7T, 9T] mark with a succeeding >5T space).

These bytes specify the durationoffset for the last pulse length of the multi-pulse trajn,
in the extended N/2 write strategy, for recording marks with run-lengths [4T, 6T, 8T] ahd
[5T, 7T, 9T] with a succeeding’2T, 3T, or 4T space (see Annex F for the detailed definitiop).

These bytes shall specifya fraction of the actual channel bit clock period, as a signed
two’s-complement binary number v, such that:

AT,
v=32x — 2 8<y<7)
TW

Table 9 — Dependence of the T, , value for each mark

. Mark
Succeeding space
4,6,8M 5,7,9M
2S
2C
4S
=58 d

This table shows the dependence of the T|p value for each mark that is going to be written, on the
preceding and succeeding spaces. The area denoted by "d" accommodates the anchor values and the

non

area denoted by "v" includes the offset values as follows:

126

1%

d

non

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 < 62.

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

See F.3.

Byte 82:

ISO/IEC 30193:

2021(E)

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, 8

T] with a

succeeding 2T space (see Annex F for the detailed definition). In case these bits (bits b,

to b,) apply, the anchor duration time is specified in byte 55 (T for a [4T, 6T,
with a succeeding =5T space).

8T] mark

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 [5T, 7T, 9T] with a succeed-

By

Byte 83:

Byte 84:

rtes 85 to 92 and 93 (msb, 4 bits): AdTy start-time offset of the erase level

g 2T space {see Ammextfor the detaiteddefimitiom—trcase these bitsthity
apply, the anchor duration time is specified in byte 56 (T p for a [5T, 7T, 9Ty
a succeeding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the
of the multi-pulse train for recording marks of run-lengths [4T, 61,-8T] with 3
ing 3T space (see Annex F for the detailed definition). In case‘these bits (bits
apply, the anchor duration time is specified in byte 55 (T p for a [4T, 6T, 8T] n
a succeeding =5T space).

The last 4 bits (bits b to b)) of this byte shall specifythe-duration offset of the
of the multi-pulse train for recording marks of run-lengths [5T, 7T, 9T] with 4
ing 3T space (see Annex F for the detailed definition). In case these bits (bits
apply, the anchor duration time is specified inByte 56 (T p fora [5T, 7T, 9T] n
a succeeding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset g
pulse, of the multi-pulse train, for, réoording marks of run-lengths [4T, 6T, 8
succeeding 4T space (see Annex F'for the detailed definition). In case these bi
to b,) apply, the anchor durationitime is specified in byte 55 (T for a [4T, 6T,
with a succeeding 25T space),

The last 4 bits (bits b; to bg) of this byte shall specify the duration offset of the
of the multi-pulse train;for recording marks of run-lengths [5T, 7T, 9T] with 3
ing 4T space (see Annex F for the detailed definition). In case these bits (bits
apply, the anchor duration time is specified in byte 56 (T p for a [5T, 7T, 9T] n
a succeeding 25T space).

Thesebytes specify the start-time offset of the erase level, in the extended |
strdtegy for recording marks with run-lengths 2T, 3T, 4T, and 25T with a succe
8T, or 4T space (positive values are leading, negative values are lagging; see Al
the detailed definition).

The start-time offset of the erase level AdT}; is expressed as a fraction of the actu
bit clock period, as a signed two’s-complement binary number w, such that:

b; to by)
hark with

last pulse
succeed-
b, to by)
nark with

last pulse
succeed-
b; to by)
nark with

f the last
T] with a
[s (bits by
8T] mark

ast pulse,
succeed-
b; to by)
nark with

N/2 write
eding 2T,
nnex F for

h] channel

AdT.
w =32 x T = (24 < w < 15) forByte 85 and 86;

w

AdT,
w=32x — E (-8 <w < 7) forByte 87 to 92 and 93 (msb 4 bits).

w
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Table 10
preceding
area denc

w

e

See E.3.

Byte 8

Byte 8

Byte 8

Table 10 — Dependence of the dT value for each mark

Mark
Succeeding space Z_M
Preceding space 3M 4,6,8M 5,7.9M
28 23S

2S
3S w
48

>5S e

VT

@A)

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 + e" shall satisfy -62 < u < 30.

The first 6 bits (bits b, to b,) of this byte shallspecify the start-time offset of t
erase level for recording marks of run-length 2T with a succeeding 2T space a
a preceding 2T space. In case this byte.applies, the anchor position is specifi
in byte 57 (dTy for a 2T mark with @preceding 2T space and a succeeding >
space).

The last 2 bits (bits b; to by) of this byte shall be reserved.

The first 6 bits (bits b, te®D)) of this byte shall specify the start-time offset of t
erase level for recorditig marks of run-length 2T with a succeeding 2T space a
a preceding 23T spage. In case this byte applies, the anchor position is specifi
in byte 58 (dT} for-a 2T mark with a preceding 23T space and a succeeding >
space).

The last 2-bits (bits b; to by) of this byte shall be reserved.

Thefirst 4 bits (bits b, to b,) of this byte shall specify the start-time offset of t
erase’level of the multi-pulse train for recording of marks of run-length 3T w
asucceeding 2T space. In case of these bits (bits b, to b,), the anchor position
specified in byte 59 (dTg for 3T mark with a succeeding 25T space).

The last 4 bits (bits b; to b;) of this byte shall specify the start-time offset
the erase level of the multi-pulse train for recording marks of run-lengths [4
6T, 8T] with a succeeding 2T space. In case these bits (bits b; to b)) apply, t

shows the dependence of the dT} value for each mark that is going to be written-on the
r and succeeding spaces. The area denoted by "e" accommodates the anchor values and the
ted by "w" includes the offset values as follows:

he
hd
ed
b T

he
hd
ed
b T

he
th
is

of
LT,
he

anchor position is specified in byte 60 (dTy for a [4T, 6T, 8T] mark with a suic-

128

ceeding =5T 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-length [5T, 7T, 9T]
with a succeeding 2T space. In case these bits (bits b, to b,) apply, the anchor
position is specified in byte 61 (dTj for a [ST, 7T, 9T] mark with a succeeding
>5T space).

The last 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 2T space. In case these bits (bits b; to b)) apply, the anchor po-
sition is specified in byte 57 (dT for a 2T mark with a preceding 2T space and

Byte 89:

Byte 90:

Byte 91:

Byte 92:

a succeeding =5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the star't-tim¢ 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,b4)apply, the anchor
position is specified in byte 58 (dT} for a 2T mark with @succeeding 5T space
and a preceding 23T 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-length|3T with a
succeeding 3T space. In case these bits (bitsbz to b) apply, the anchof position
is specified in byte 59 (dTg for a 3T mark with a succeeding 25T spacg).

The first 4 bits (bits b, to b,) of this-hyte shall specify the start-tim¢ offset of
the erase level, of the multi-pulse train, for recording marks of run-lepgths [4T,
6T, 8T] with a succeeding 3T spage. In case these bits (bits b, to b,) ppply, the
anchor position is specified inbyte 60 (dT for a [4T, 6T, 8T] mark wjith a suc-
ceeding =5T space).

The last 4 bits (bits b; ta:b,) of this byte shall specify the start-time offset of the
erase level, of the multitpulse train, for recording marks of run-lengths [5T, 7T,
9T] with a succeeding 3T space. In case of these bits (bits bs to by) the anchor
position is specifieéd in byte 61 (dTg for a [ST, 7T, 9T] mark with a sficceeding
>5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-tim¢ 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, tlhe anchor
position is specified in byte 57 (dTy for a 2T mark with a succeeding 5T space
and a preceding 2T space).

The last 4 bits (bits bs to b)) of this byte shall specify the start-time offset of the
erase level for recording of marks of run-length 2T with a succeeding 4T and a
preceding 23T space. In case these bits (bits b5 to b,) apply, the anchof position
is specified in byte 58 (dT}; for a 2T mark with a preceding 23T space and a suc-
ceeding =5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the

Byte 93 (msb, 4 bits):

erase level of the multi-pulse train for recording marks of run-length 3T with a
succeeding 4T space. In case these bits (bits b, to b,) apply, the anchor position
is specified in byte 59 (dTg for a 3T mark with a succeeding =5T 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 [4T,
6T, 8T] with a succeeding 4T space. In case these bits (bits b; to b) apply, the
anchor position is specified in byte 60 (dT} for a [4T, 6T, 8T] mark with a suc-
ceeding =5T 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 [5T,
7T, 9T] with a succeeding 4T space. In case these bits (bits b, to b,) apply, the
anchor position is specified in byte 61 (dT for a [ST, 7T, 9T] mark with a suc-
ceeding =5T space).

Byte 93 (Isb, 4 bits): Reserved
These bits shall be set to 0000.

Bytes 94te-99- Reserved

These bytes shall be set to 00h.

Bytes 10p 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 higherreading 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 ghall 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 BCA descriptor 1
17 Read .transfer rate corresponding to higher reading {
velocity
18 Reserved 1
19to 26 Data-zone allocation 8
27 Reserved 1
28to 29 Recording velocities 2
30 Maximum dc read power at the read transferyrate 1
corresponding to higher reading velocity
31 Maximum HF-modulateq read_ power at the re_ad 1
transfer rate corresponding to higher reading velocity
32 Reserved 1
33to41 Write-power settings 9
42 Typ write multi-pulse duration 1
43 to 47 dT,,, first-write-pulse start time 5
48 to 52 T\, first-write-pulse duration 5
53 to 55 dT,p last-write-pulse start time 3
56 to 58 T, p last-pulse duration 3
59 to 63 dTy start time aof the erase level 5
64 Reserved 1
735(25'{)24%?& ) AdT,,, first-write-pulse start-time offset 8,5
1?131573%21%) AT pfirst write-pulse duration offset 7,5
8%1(f§s§44i?t2 ] AdT, p last-pulse start-time offset 4,5
2?1((11;[)6%21;%) AT, p last-pulse duration offset 4,5
9%0(:35%74%?2 ) AdTy start-time offset of the erase level 8,5
98 (Isb 4bits) | Reserved 0,5
99 Reserved 1
100to 111 DI-unit footer 12

Figure 81 — Content of disk information for DI format 6

Bytes0to 1,3 to 16,18 Each of these bytes shall be set to the same value as that of DI format 4 of this

to 29,32 to 111:

document.
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Byte 2:

Byte 17:

DI-format number

This byte shall be set to 06h, identifying a DI unitaccording to the description
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 reading
than the nominal recording velocity, as a number n such that:

n = data transfer rate in M bit/s (n < 255: M = 10°)

Byte 30:

Byte 31:

In this document, n shall be set to 90h and referred as 4x reference veloclty
in read stability (see 30.7).

Maximum dc read power at the read transfer rate correspending to
higher reading velocity

The maximum read power is defined as the maximum opticaljpower to which
this DI unit applies on the entrance surface of the disk, @twhich at least 1j0°
successive reads can be applied without degrading the recorded signgls
(see 30.7). Maximum read powers in this clause shall be greater than or eqyal
to the read powers defined in 30.7. By default, the powers defined in 30.7 shpll
be used. This byte shall specify the maximum de read power P, in milliwats,
atthe read transfer rate corresponding to higher reading velocity. The decimal
expression of this byte is:

n=100x P,

NOTE1 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 stabiljty
of the recordings on the disk. Read power at intermediate velocity can be obtained
with linear interpolation.

Maximum HF-modiilated read powers at the read transfer rate corre-
sponding to higherreading velocity

The maximumiréad power is defined as the maximum optical power to which
this DI unitapplies on the entrance surface of the disk, at which at least 1j0°
successive'reads can be applied without degrading the recorded signgls
(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 shpll
betised. This byte shall specify the maximum HF-modulated read power P_Jin
milliwatts, at the read transfer rate corresponding to higher reading velocify.

The decimal expression of this byte is:
n=100x P,

NOTE 2  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 stabiljty

£4] . 41 daal An) i ok A 1 e 1 ok o d
Ul 11T TTUUIL ulusa UIl LIIT UISKN. IN\TUdUu lJUVVCl dUTIILCT ITITUIAdLT VClULlLy Call T uouudll

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 Nukr)nber of
ytes

0to7 DI-unit header )

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

17 Read transfer rate corresponding to higher reading velocity 1

18 Reserved 1]

19 to 26 Data-zone allocation 3

27 Reserved 1]

28 to 29 Recording velocity 2

Maximum dc read power at the read transfer rate
30 corresponding to higher reading velocity 1
31 Maximum HF-modulated read power at theiread transfer rate 1
corresponding to higher reading velocity

32 Reserved 1]

33to 41 Write-power settings 9

42 Typ Write multi-pulse duration 1

43 to 47 dT,,, first-write-pulse start time 5

48to 52 T\, first-write-pulse duration 5

53 to 54 dT,p last-write-pulse start time 2

55to 56 T, p last-pulse duration 2l

57 to 61 dTy start time of eéxase level 5

62 Reserved 1]
6%35}2%1?35)7 1 AdT,,, first-Write-pulse start-time offset 8,p
7alngs7b24t£)17t£ss] AT, first-write-pulse duration offset 7,b

79 to 81 AdT,  last-pulse start-time offset 3

82 to 84 AT, p last-pulse duration offset 3
85(1?53242&135?3 AdTy start-time offset of the erase level 8,b
93 (Isb/4 bits) | Reserved 0,6

94 to 99 Reserved a
100to 111 DI-unit footer 12

Figure 82 — Content of disk information for DI format 7

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 this
to 29,32 to 111: document.

Byte 2: DI-format number

This byte shall be set to 07h, identifying a DI unit according to the description
in this 15.8.3.6.
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Byte 17:

Byte 30:

Byte 31:

15.8.3.7

Read transfer rate corresponding to higher reading velocity

This byte specifies the data transfer rate to define higher velocity for reading
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

Write-strategy requirements

The maximum read power is defined as the maximum optical power te{which
this DI unit applies on the entrance surface of the disk, at which atleast 10°
successive reads can be applied without degrading the recorded signgls
(see 30.7). Maximum read powers in this clause shall be greateinthan or equal
to the read powers defined in 30.7. By default, the powers defined in 30.7 shpll
be used. This byte shall specify the maximum dc read powerP,, in milliwatjs,
atthe read transfer rate corresponding to higher readingvelocity. The decinjal
expression of this byte is:

n=100x P,

3= 1 i
ICT4dullly VvCIULIly ‘L

NOTE1 Forreading at lower velocities thandhe Teading velocity specified in this
DI unit, a reduction of the read power can beeécessary to guarantee stability of ghe
recordings on the disk. Read power at intermediate velocity can be obtained wjth
linear interpolation.

Maximum HF-modulated read powers at the read transfer rate corie-
sponding to higher reading velocity

The maximum read poweri9defined as the maximum optical power to whilch
this DI unit applies on the entrance surface of the disk, at which at least 1§0°
successive reads can‘be applied without degrading the recorded signdls
(see 30.7). Maximunrread powers in this clause shall be greater than or eqyal
to the read powersdefined in 30.7. By default, the powers defined in 30.7 shpll
be used. This byte shall specify the maximum HF modulated read power P, |in
milliwattsiat'the read transfer rate corresponding to higher reading velocify.

The decimal expression of this byte is:
n=100 x P,

NOTE 2  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 ghe

recordings on the disk. Read power at intermediate velocity can be obtained wjth
linear interpolation.

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

15.8.3.3 15.8.3.4
(DI format 4, (DI format 5,
extended N-1 write extended N/2 write
strategy) strategy)
for 2x recording velocity Optional? Optional?

2 At least one of these two shall be present.

Figure 83 — Write-strategy type (DI format 4 and 5) requirements

Fyrthermore, DI units of DI format 6 and DI format 7 containing read power pdrameters flor higher
repding velocity, may be added (see Figure 84) in order of preference. See Figuré 77.

DI unit according to

DI unitaceording to

15.8.3.5 1578.3.6
(DI format 6, (DI format 7,
extended N-1 write exténded N/2 write
strategy and higher strategy and higher
reading velocity) reading velocity)
for 4x reading velocity Optional? Optional®

a Applicable only when DI format 4 is present
b Applicable only when DI format 5 is_present

15.8.3.8 Usage of DI units

Figure 84 — Write-strategy type (DI format 6 and 7) requirements

By using the concept of multiple DI units, identified by their DI-format number (byte 2), the HD system

fagilitates the (future) use of-disks for different recording velocities and with three or more

layers, while keeping backwards compatibility in the best possible way.

recording

Gdnerally, each different recording velocity can need a different write strategy (differgnt set of
pqrameters), whicltwrite strategy furthermore can depend on the applied technology.

Additionally, each'recording layer can a different set of values for the write strategy parametg

Byte 3 shallbe set according to the specifications in 15.8.3.2.

Byte5.shall be used according to the description in 15.8.3.2.

In This document, bytes Zo and 4Y 1n all DI units are set to UZ EZh to 1ndicate a nominal

recording

velocity of 7,38 m/s (33,4 Gbyte 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.

Examples of those assignments is shown in Figure 85 and Figure 86.
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2x disk (TL) with 2x EX N-1& N/2 write strategy

Byte 2: DI-format number 4
Byte 3: # of DI's/L# 6/0
Byte 4: --- 00h
Byte 5: Sequence # 0
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 98:WS EX_N-1
Byte 2: DI-format number 5
Byte 3: # of DI's/L# 6/0
Byte 4: --- 00h
Byte 5: Sequence # 1
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 93:WS EX N/2
Byte 2: DI-format number 4
Byte 3: # of DI's/L# 6/1
Byte 4: --- 00h
Byte 5: Sequence # 2
msb of byte 6: 0
Byte 28 to 29: Velocity 2xX
Byte 42 to 98:WS EX N-1
Byte 2: DI-format number 5
Byte 3: # of DI's/L# 6/1
Byte 4: --- 00h
Byte 5:Sequence # 3
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 93:WS EX N/2
Byte 2: DI-format number 4
Byte 3: # of DI's /Li# 6/2
Byte 4: --- 00h
Byte 5: Sequence # 4
msb of byte6: 0
Byte 28t9*29: Velocity 2x
Byte42 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: DI-format 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: Velocity 2X
Byte 42 to 93:WS EX N/2
Byte 2: DI-format number 4
Byte 3: # 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 t0.98: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 (1
of 3)
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Figure 8
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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
Byte2: Bt-formatmumber 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 (reading velocity) 4x
Byte 28 to 29: Recording velocity 2x
Byte 30 to 31: Maximum read power Maximum read power'@byte 17
Byte 42 to 98:WS EXAN=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 (reading velocity) 4x
Byte 28 to 29: Recording velocity 2X
Byte 30 to 31: Maximum read power 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# 12/1
Byte 4: --- 00h
Byte 5: Sequence # 8
msb of byte 6: 0
Byte 17: Read.transfer rate (reading velocity) 4x
Byte 28 to 29::Recording velocity 2X
Byte 30,t0\31: Maximum read power Maximum read power @byte 17
Byte 42:t6 98:WS EX_N-1

— Example of DI sequence for 2x disk (TL) with 12 DI units of DI format 4,5,6 and 7

of 3)
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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 (reading velocity) 4x
Byte 28 to 29: Recording velocity 2x
Byte 30 to 31: Maximum read power Maximum read power @byte 17
Byte42to93-WS EXNF2
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 (reading velocity) 4x
Byte 28 to 29: Recording velocity 2X
Byte 30 to 31: Maximum read power Maxithum 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: Squence # 11
msb of byte 6: 0
Byte 17: Read transfer rate (reading velocity) 4x
Byte 28 to 29: Velocity 2x
Byte 30 to 31: Maximum read power Maximum read power @byte 17
Byte 42 to 93:WS EX N/2
| Repeat |
Figure 86 — Exampleé of DI sequence for 2x disk (TL) with 12 DI units of DI format 4,5,6/and 7 (3
of 3)
16 General description of information zone
16.10General

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).

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.
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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).

Data zone 0, data zone 1 and data zone 2 are intended for recording user data. The lead-in zone contains
replicated and rewritable control information and an area for disk and drive testing. The inner part of
inner zone 0, inner zone 1, inner zone 2, outer zone 0, outer zone 1 and outer zone 2 allow for a smooth
run-in/run-out for their respective layers and also contain control information.

17 Layqut of rewritable area of information zone

17.1 General

The rewrfitable area of the information zone is constituted from part of the inner zones, the data zorles
and the ofiter zones. The start radii for the zones indicated in Figure 87, Figure 88and Figure 89 are the
nominal yalues of the centre of the first/last groove track of that zone.

The physjcal ADIP addresses (PAA) listed are the first/last address in the.groove tracks of each zone.
Also, the humber of physical clusters (RUBs) that can be recorded per zone are indicated.
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. First PAA
Nominal
o starting of Z.one Number
Layer LO Description r(zli‘l(lill‘rlll)s Last PAA (O:Ifu 2?g:s
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 gtajflr}rgwii(}‘l‘lis 16{,‘5mmmm
Endinesracitus21-0-mn
Starting s o
radius  “paePiteh™ gy
21,0 mm
Protection 222 r\“‘?_ T
zone 1 O\Q
Embossed ( )(F'irst AUN =
HFM 000C 04 80h| 2720
(HFM 2 : [x4KB)
groove) PIC % Last AUN = 00
IR 0C 19 BEh)
Protection 00183 38h
zone.2 23,068 : 300
001 87 E6h
001 87 E8h
Buffer 23,107 : 3078
0 01 B7 FEh
001 B8 00h
Lead-in 23,468 : 256
l zone INFO 2 0 01 BB FEh
. Information (part of 001 BCOOh
nformation | " | < inner opco | 23498 : 2048
area zone 0) 0 01 DB FEh
001 DC 00h
direction | Rewfitable Reserved 001 FB FEh
(Wobbled 001 FC 00h
groove) 23,971 : 256
INFO 1 001 FF FEh
24,000 | 00200 00h
Data :
zone 0 : 309 152
LAA
LAA + 2h
INFO 3/4 58,000 : 294
LAA + 4 98h
Outer LAA + 4 9Ah
zone 0 DCZ0 58,014 : 760
LAA + 10 78h
Protection TAAFTO7ARN ---
zone 3 58,050 )
Ending radius
58,5 mm
Rim area Starting radius 58,5mm

Figure 87 — Layout of information zone on layer L0
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. Last PAA
Nominal
. of zone
ending Number
Layer L1 Description radius : of phys
p First PAA PHYS.
(mm) clusters
of zone
Ending radius “Wide pitch”
21,0 mm groove
Wobbled Protection 292 :
groove Zone 1 ’ 0 7E C5 B8h
0 7E C5 B6h
Buffer 22,510 : 4104
0 7E 85 98h
0 7E 85 96h
OPC1 23,004 : 20048
0 7E 65 98h
0 7E 65 96h
Reserved 23,246 :
Inner 0 7E 4800h 1894
zone 1 0 7E-47 FEh
INFO 2 23,468 : 256
Tracking 0-7E 44 00h
direction 0 7E 43 FEh
Infofmation Reserved 23,498 : 4096
hrea | Rewritabl 0 7E 04 00h
Information | Rewritable 0 7E 03 FEh
zone (Wobbled INFO 1 23,971 :
1 groove) 07E0000n | 2%©
| 24,000 | 07D FF FEh
Data : 509 152
zone 1 :
FAA?
FAA - 2h
INFO 3/4 58,000 :
FAA - 498h 294
Outer FAA - 4 9Ah
zone 1 DCZ 1 58,014 : 760
FAA - 10 78h
Protection 58,050 FAA - 10 7Ah .
Zone 3 :

Starting radius 58,5 mm

2FAA = LAA+1800001h (see 15.7.4.3).

Figure 88 — Layout of information zone on layer L1
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. First PAA
Nominal of zone
starting ) Number
Layer L2 Description| radius™ | gscpan |ofPIYS:
of zone
Starting radius “Wide pitch”
21,0 mm groove
Wobbled Protection [ ., ,
groove zone 1 ’
081 3A 48h
Buffer 22,510 :
0813D@6h || 200
0 813D 68h
22,535 !
OPC?2 091 5D 66h 2 048
081 5D 68h
Reserved | 22,782 :
08176 66h || 1600
08176 68h
22,973 :
INFO 2 ’ 256
Inner 081 7A 66h
l zone 2 081 7A 68h
. Reserved | 23,004 :
’ 2048
Ihformation Info;(r)naetlon 081 9A 66h
area Rewritable 081 9A 68h
Buffer 23,246 :
, (Wobbled 6246
Track]ng groove) 0 81 FB FEh
direction 081 FC 00h
INFO 1 23,971 : 256
0 81 FF FEh
24,000 08200 00h
Data : L
zone 2 : 509 152
LAA22
LAA2 + 2h
INFO 3/4 | 58,000 : 294
Lead- LAA2 + 4 98h
out LAA2 + 4 9Ah
60“‘* DCZ 2 58,014 : 760
(Outer LAA2 +10 78h
zone 2) P i LAA2 + 10 7Ah
rotection +
zone 3 58,050 :
Ending radius 58,5 mm
Rim area Starting radius 58,5 mm
2 LAA2 =LAA + 080 00 Oh (see 15.7.4.3).
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17.2 Physical sector numbering

Each cluster contains 32 physical sectors, and each physical sector contains 2K data bytes. Although
these numbers are not included in the data recorded on the disk, each physical sector is associated with
a (virtual) physical sector number (PSN).

The PSN increase by one for each successive physical sector in the tracking direction of the related
recording layer.

The PSN 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 PS5z 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 SN 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 BSN in the data zone 1 is 03 EF FF FFh.

The first PSN in the data zone 2 is 04 10 00 0Oh.

The last BSN in the data zone 2 is 8 x LAA2 + 15, which is
05 08 9B FFh.
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Set to
layer number Physical sector number (PSN)
—
MSB l l l LSB
p P|P|P|P P p P
e i y bR ||
£|s 4 = 8 7| |54 0
In cluster
count ZERO
A
Address-unit number (AUN) l l i i
YYYYVYVYY YYVYVVYVY \AAAAAAA] L A2 4
A AlAlAIA A A A
i 7161514 3 6 5 8 7| Pl 10
Set to
00,01,1p
consecutiively
v YYVYVY YYYVY vvwil
A AAIAIA AlA A
3 AbEE | M 0 8B A
4 312[110 7.6 5 8 / 2|10

PhysicaltADIP address (PAA)

Figure 90 — Physical ADIP addresses derived from PSNs

These PSNs are converted toaddress-unit numbers, which shall be recorded in the BIS colunins of the
E(C clusters (see 13.9.2.3).

Finally, a physical ADIP@address is derived from the PSN/AUN as defined in Figure 90. This PAAlidentifies
the location on the disk where the data shall be recorded.

18 Inner zene

18.1 General

r zone 0).

On layer L1 and layer L2, they are called i 1nnerzone 1 and inner zone 2. 4

Inner zone 0 (in its lead-in zone part) contains an embossed HFM area and a rewritable area, and 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 1 mm, such that the first AUN of the first cluster
shall be 00 OB F8 E2h.
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The addresses shall be continuously increasing as described in 15.5.3.2 and shall end with
AUN =00 0C 19 BEh in the last 4K cluster at the outermost radius of the PIC zone.

In protection zone 1 of inner zone 0, the content of the data frames can be set to all 00h or they can be
equal to the content in the PIC zone.

Protection zone 1 is intended to be a protection area against overwriting of the PIC zone by the BCA

code.

In the permanent information and control data (PIC) zone, general information about the disk and

various otherinformation can be stored in the embossed HEM groave
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 optimum power control (OPC).procedures
and to stjore specific information about the disk, such as disk-managementinformation and contyol
informatijon. Also, a zone has been reserved where drives can store their own specific information.
Lead-in I First PAA Number of
Description Purpose
zone of zone phys.clusters
Protection . . g\\“’ -
zone 1 , O
Embdssed PIC . . Q‘( Permanent information
HEM Jo) and control data zone
Protection | 51 g3 38} 300
zone 2
Buffer 00187 E8h 3078
Reserved 8 | 001 B8 00h 32 Future extension
Reserved 7 0 01 B880h 32 Future extension
Reserved 6 0.01 B9 00h 32 Future extension
INFO 2 Reserved 5 001 B9 80h 32 Future extension
PAC 2 0 01 BA 00Oh 32 Physical-access control
| DMA2 0 01 BA80h 32 Disk management
Rewritable Contre¥data2 | 0 01 BB 00h 32 Data information
Buffer 2 001 BB 80h 32
g.r ackIng 1 opc g Testzone | 001 BC00h 2 048 OPC testing
1redtion
Reserved 001 DCOO0h 2048 Future extension
Buffer 1 001 FC 00h 32
Drive area 0 01 FC 80h 32 Drive-specific Information
Reserved 3 001 FD 00h 32 Future extension
INFO 1 Reserved 2 0 01 FD 80h 32 Future extension
Reserved 1 0 01 FE 00h 32 Future extension
DMA 1 0 01 FE 80h 32 Disk management
Controldatal | 0 01 FF 00h 32 Data information
PAC1 0 01 FF 80h 32 Physical-access control
(Datazone 0) | 002 00 00h

146

Figure 91 — Lead-in zone
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Inner Description First PAA Number of Purpose
zone 1 of zone phys. Clusters
(Data zone 1)
PAC1 0 7E 00 00h 32 Physical-access control
Controldatal | 0 7E 00 80h 32 Data information
DMA 1 0 7E 01 00h 32 Disk management
INFO 1 Reserved 1 0 7E 01 80h 32 Future extension
Reserved 2 07E 02 00h 32 Future extension
Reserved3 0-7E0286h 32 Futureexterrsipn
Drive area 0 7E 03 00h 32 Drive-specific infornation
! Buffer 1 0 7E 03 80h 32
Rewritable | Reserved 0 7E 04 00h 4096 Futureextensipn
Buffer 2 0 7E 44 00h 32
T_racking Control data 2 | 0 7E 44 80h 32 Data informatipn
direction DMA 2 0 7E 45 00h 32 Disk managem¢nt
INFO 2 PAC 2 0 7E 45 80h 32 Physical-access cdntrol
Reserved 5 0 7E 46 00h 32 Future extensipn
Reserved 6 0 7E 46 80h 32 Future extensipn
Reserved 7 07E 47 00h 32 Future extensipn
Reserved 8 0 7E 47 80h 32 Future extensipn
Reserved --- 0 7E 48 00h 1894 Future extensipn
OPC1 Test zone 0 7E 65 98h 2048 OPC testing
Buffer 0 7E 85-98h 4104
Wobbled Protection 0 ;‘th L L
grooves zone 1 R

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 PIC zpne is an embg¢ssed HFM area with data for various purposes, such as disk information. If
PIC data is supplied, all user data bytes (before scrambling) shall be set to 00h.

specific

18.2.2 Contentof PIC zone

The PIC z

oure 947.

Inner Description First PAA Number of Purpose
zone 2 of zone phys. Clusters
Wobbled Protection . . .
grooves zone 1
Buffer 081 3A48h 200
OPC2 Test zone 081 3D 68h 2048 OPC testing
Reserved --- 081 5D 68h 1600 Future extension
Reserved 8 081 76 68h 32 Future extension
Reserved 7 08176 ESh 32 Future extension
Reserved 6 08177 68h 32 Future extension
INFO 2 Reserved 5 081 77 E8h 32 Future extensién
Reserved 08178 68h 32 Future extension
DMA 2 081 78 E8h 32 Disk management
‘l_’ Control data2 | 081 79 68h 32 Data information
Rewritable Buffer 2 | 081 79 E8h 32
Tracking Reserved 081 7A 68h 2048 Future extension
direction Buffer 081 9A 68h 6246
Buffer 1 081 FC 00h 32 ---
Drive area 0 81 FC 80h 32 Drive-specific information
Reserved3 | 081 FD 00h 32 Future extension
INFO 1 Reserved 2 081 FD 80h 32 Future extension
Reserved 1 081 FE 00h 32 Future extension
DMA 1 0 81 FE 80h 32 Disk management
Controldata1l | 0 81 FF 00h 32 Data information
Reserved 0 81 FF 80h 32 Future extension
(Data zone 2) | 082 00 00h

brieyshall consist of 5 repetitions of a PIC-info fragment, where each PIC-info fragment consis
B r r A B = , S A YA =4 & ~— . e TOTTIT STOWe dc i

The PIC-info fragments shall start on layer LO at AUNs: 00 OC 04 80h, 00 0C 08 COh, 00 0C OD 00h,

000C1140hand 000C 15

148

80h.
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PIC-info fragment PIC-cluster AUN
number number on layer LO

0 00 0C 04 80h
1 00 0C 04 82h
IFO 2 00 0C 04 84h
543 00 0C 08 BEh
0 00 0C 08 COh

[F1 : :
543 B0 6€0CFED
0 00 0C 0D 00h

[F2 : :
543 000C 11 3Eh
0 00 0C 11 40h

[F3 : :
543 00 0C 15 7Eh
0 00 0C 1580h

[F4 : \
543 000€19 BEh

Figure 94 — PIC zone

The first PIC cluster of each info fragment shall contain acopy of the DI block as contained infthe ADIP
aux frames (see 15.8.3 and Figure 95). Only the first 112 bytes of each DI aux frame shall bg included
(excluding the 32 parity bytes). If less than 32 DI units are present, then the remaining bytes {ip to byte
3 $84 shall be set to 00h.

The last 512 bytes of the first PIC cluster of €ach info fragment shall contain the emergency-bjrake data
sef, see 18.2.3 and Figure 95.

Byte position Content Number of
in PIC dluster bytes
Ot4o0 111 DI-unit 0 112
+E2 to 223 DI-unit 1 112
: : 112 x 28
3360to3471 DI-unit 30 112
3472 to 3583 Reserved 112
3584 to 4 095 EB data set 512

Figure 95 — First PIC cluster of each info fragment

Al' other PIC 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
a maximum of 62 EB-data fields may be applied. The emergency-brake data shall be implemented as
depicted in Figure 96.
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Byte number Function Definition Nulr)n ber of
ytes
3584 to 3 585 Identifier 2
3586 EB Version 1
3587 Reserved 1
3588 header List length 1
3589to 3591 Reserved 3
3592t03593 Drive manufacturer ID 2
235004t 3595 ER Drive model 2
3596 to 3 597 data field 1 Firmware version 2
3598to0 3599 Drive actions 2
(3584 +ix8)to(3584+ix8)+1 EB Drive manufacturer ID 2
(3584+ix8)+2to(3584+ix8)+3 S Drive model 2
(3584+ix8)+4to(3584+ix8)+5 d"i‘ta fldd’ Firmware versipn 2
<1<
(3584+ix8)+6t0(3584+ixg) 7 | LSI=N) Drive actiofs 2
(3584+Nx8)to(3584+Nx8)+1 EB Drivednanufacturer ID 2
(3584 +Nx8)+2to(3584+Nx8)+3 _ Prive model 2
(3584+Nx8)+4to(3584+Nx8)+5 da’;\f; ﬁzlzd N1 Firmware version 2
<
(3584+Nx8)+6to(3584+Nx8)+7 (N<62) Drive actions 2
[358f + (N+1) x 8] .
t0 [3 584 + (N+1) x 8] + 7 EB footer Terminator 8
[3584 + (N+2) x 8] to 4 095 --- Reserved 512 - (N+2) x 8
Figure 96 — Definition of emergency-brake data
Bytes 3 384 to 3 585: EB identifier

TT
Byte 3 586: EB version

T

se bytes shall be set'to 45 42h, representing the characters “EB”.

is byte shall’be set to 01h, representing version 1 of the emergency brake format.

Byte 3 587: reserved

Thiisbyte shall be set to 00h.

Byte 3 588: EB list length N

This byte shall represent the number of EB-data fields.

This byte shall be set to 00h when no EB-data fields are present.

Bytes 3 589 to 3 591: reserved

These bytes shall be set to 00 00 00h.

Bytes (3584 +ix8)to (3584 +ix8)+1(1<i<N):drive manufacturer ID
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The format and the content of these 2 bytes require agreement between the interchange parties,
else these bytes shall be set to all 00h.

Bytes (3584 +ix8)+2to (3584 +ix8)+3(1<isN):drive model number

These two bytes represent the drive model number and shall be defined by the drive manufacturer.
This document does not specify the format and the content of these bytes. It shall be ignored in
interchange.

Bytes (3584 +ix8)+4to(3584+ix8)+5(1<is<N):drive firmware version

These two bytes represent the drive firmware version and shall be defined by the drive[manufac-
turer. This document does not specify the format and the content of these bytes. Itshall He ignored
in interchange.

Bytes (3584 +ix8) +6to (3584 +ix8)+ 7 (1=<is N):drive manufactureractions

These two bytes represent the actions to be performed by the drivé.model to handle|this disk.
These bytes shall be defined by the drive manufacturer. This document’does not specify the format
and the content of these bytes. It shall be ignored in interchangé.

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 tgindicate 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 area of inner zone(s)

18.3.1 Protection zone 2

This zone of 300 physical clusterssstarts at PAA 0 01 83 38h on layer LO and is intended to be a buffer
zojne for the transition from the embossed HFM area to the rewritable area (see 15.4.4).

18.3.2 Buffer

This zone has 3 078 physical clusters starting at PAA 0 01 87 E8h on layer L0, 4 104 physidal cluster
starting at PAA 0 7ZE.85 98h on layer L1, and 200 physical clusters starting at PAA 0 81 3A48h plus
6 246 physical clusters starting at PAA 0 81 9A 68h on layer L2 and shall be left unrecorded.

18.3.3 INFO2/Reserved 8

This zone of 32 physical clusters starting at PAA 0 01 B8 00h on layer L0, at PAA 0 7E 47 80h oph layer L1
arldaat PAA 0 81 76 68h on layer L2 is BDAP-dependent.

For the disks with BCA code, if this setting is not specified by the BDAP these bytes shall be left
unrecorded.

For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.4 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.
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18.3.5 INFO 2/Reserved 6

This zone has the size of 32 physical clusters starting at PAA 0 01 B9 00h on layer LO, at PAA 0 7E 46 80h
on layer L1 and at PAA 0 81 77 68h on layer L2 and is BDAP-dependent.

For the disks with BCA code, if this setting is not specified by the BDAP these bytes shall be left
unrecorded.

For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.6 INFO2/Reserved5

This zond has the size of 32 physical clusters starting at PAA 0 01 B9 80h on layer L0, at PAA 0 7E46'0ph
on layer I}1 and at PAA 0 81 77 E8h on layer L2 and is BDAP-dependent.

For the disks with BCA code, this zone shall be left unrecorded unless otherwise specified.by the BDAP.

For the disks without BCA code, this zone shall be recorded all 00h before shipping;

18.3.7 INFO 2/PAC 2

This zong¢ of 32 physical clusters starts at PAA 0 01 BA 00h on layer L0 and at PAA 0 7E 45 80h pn
layer L1 dnd is intended to be used for storing physical-access control (PAC) clusters (see 21.2). Unusged
clusters i this zone shall contain all 00h or left unrecorded.

18.3.8 INFO 2/Reserved

This zong has the size of 32 physical clusters starting at RAA 0 81 78 68h on layer L2 and shall be left

unrecordgd.

%

18.3.9 INFO 2/DMA 2

This zond of 32 physical clusters starts at PAA® 01 BA 80h on layer L0, at PAA 0 7E 45 00h on layer [.1
and at PAIA 0 81 78 E8h on layer L2 and is-intended for use by the disk-managementsystem (see 22.p).
Unused clusters in this zone shall contain all 00h or left unrecorded.

18.3.10INFO 2 /Control data 2

This zond 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 PAJA 0 81 79 68h onlayer L2 and is intended to store control information. Unused clusters in this
zone shal] contain all 0Qh.

18.3.11INFO 2 /Buffer 2

This zond with\the size of 32 physical clusters starts at PAA 0 01 BB 80h on layer L0, at PAA 0 7E 44 0ph
on layer I}1cand at PAA 0 81 79 E8h on layer L2 and shall be left unrecorded.

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 zone has 2 048 physical clusters starting at PAA 0 01 DC 00h on layer L0, 4 096 physical clusters
startingat PAA 0 7E 04 00h plus 1 894 physical clusters startingat PAA 0 7E 48 00h on layer L1 and 1 600
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physical clusters starting at PAA 0 81 5D 68h plus 2 048 physical clusters starting at PAA 0 81 7A 68h
on layer L2 shall be left unrecorded.

18.3.14INFO 1/Buffer 1

This zone of 32 physical clusters, which starts at PAA 0 01 FC 00h on layer L0, at PAA 0 7E 03 80h on
layer L1 and at PAA 0 81 FC 00h on layer L2 shall be left unrecorded.

18.3.15INFO 1/Drive area (optional)

18

TH
o
dn

can allocate their own information, the following format shall be used. These ¢lusters in this

be

18

D1
fr
fo

T}

3.15.1 General

e use of this zone of 32 physical clusters starting at PAA 0 01 FC 80h on layer LO, at-PAA 0
layer L1 and at PAA 0 81 FC 80h on layer L2 is optional. This zone can be used\by drive

TE 03 00h

5 to store

ive-specific information, only by the drive that has created the information. Te.guarantee that drives

ignored in interchange.

.3.15.2 Format of drive-specific information

ive-specific information shall be contained in one 2K data frame. The first 128 bytes of su
hme shall contain a signature of the drive that has created¢he related data frame, accord
lowing format:

48 bytes for the manufacturer’s name, represented-by characters from the ISO/IEC 646
set;

48 bytes of additional identification, represented by characters from the ISO/IEC 646 chaj
32 bytes for a unique serial number of the.drive.

e format of the remaining 1 920 bytes*of the data frame is not defined and can be chosen

each drive designer.

Dy

ive-specific information of thelast 32 drives that have used this option shall be stored in ong¢

cluister. Each time a new drive.is going to write its drive-specific information, the oldest driv
formation located in data.frame 31 of the physical cluster is removed from the physical cluster, the
content of data frames 0.t0-30 are moved into data frames 1 to 31 and the new information is y

in

da

ta frame O (see Figure97).

Far robustness reasaens, the physical cluster containing the drive-specific information frames

o1

In
dn

the disk twice.

tially, thie two physical clusters starting at PAA 0 01 FC 80h and 0 01 FC 84h shall be use
ive-specific information. When both physical clusters become unreliable, the next twqg

zone shall

ch a data
ng to the

character

acter set;

freely by

e physical
e-specific

vritten in

s written

1 to store
physical
| efficient

clltsters of the drive area can be used to store the drive-specific information. For a fast and
access to the drive area, the DDS in the DMA zones contain an address pointer to the first valigl physical

cluster in the drive area.
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Drive area Phys. cluster | “Shift in” Data frame
Manufactures
Damaged Drive i name
Address Damaged Drive i-1 One x 2K Additional ID
pointer 32 x 2K sector
—¥| Valid drive Info. sectors Unique ser. num.
(in DDS)
Copy drive Info. T
Shift at Drive- specific
each update informatjon
Spares in free format
Drive i-31
“Shift out”

18.3.1611

This zone
and at PA

18.3.1711

This zone
and at PA

18.3.18l1

This zone
on layer I

18.3.1911

This zong
on layer
(see 22.2]

L

Figure 97 — Format of drive area (example)

NFO 1/Reserved 3

of 32 physical clusters starting at PAA 0 01 FD\00h on layer L0, at PAA 0 7E 02 80h on layer
A 0 81 FD 00h on layer L2 shall be left unrederded.

NFO 1/Reserved 2

of 32 physical clusters starting at PAA 0 01 FD 80h on layer L0, at PAA 0 7E 02 00h on layer
A 0 81 FD 80h on layer L2 shall be left unrecorded.

NFO 1/Reserved 1

has the size of 32 physical clusters starting at PAA 0 01 FE 00h on layer LO,at PAAO 7E 01 8
1 and at PAA 0 81.KE 00h on layer L2 shall be left unrecorded.

NFO 1/DMA 1

of 32<physical clusters, which starts at PAA 0 01 FE 80h on layer L0, at PAA 0 7E 01 0
L1 and™at PAA 0 81 FE 80h on layer L2, is intended for use by the disk-management systg
.Onused clusters in this zone shall contain all 00h or can be left unrecorded.

m

18.3.20INFO 1/Control Data 1

This zone of 32 physical clusters, which starts at PAA 0 01 FF 00h on layer L0, at PAA 0 7E 00 80h on
layer L1 and at PAA 0 81 FF 00h on layer L2, is intended to store control information.

Unused clusters in this zone shall contain all 00h.

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.
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This zone of 32 physical clusters, starting at PAA 0 81 FF 80h on layer L2, shall be left unrecorded.

19 Data zone

ISO/IEC 30193:2021(E)

The data zone can contain a total of 1 527 456 clusters of user data.

20 Outer zone(s)

2(.1 General

Outer zone 0 and outer zone 1 function together as a transition area between the data-zones o
arld layer L1. Outer zone 2 functions as a lead-out zone (see Figure 98 and Figure-99]J.

Outer First PAA Number of Purpose
zone 0/2 of zone phys. clusters
Buffer 3 LAAn + 2h 32
3 INFO 3 DMA 3 LAAn + 82h 32 Disk management
Rewritable Control data 3 LAAn +102h 32 Data information
--- Angular buffer | LAAn+182h 102 ---
¢ DMA 4 TAAN + 3 TAR 32 Disk managenhent
Tracking INFO 4 Control data 4 LAAn +:39Ah 32 Data information
direction Buffer 4 LAA n+%4 1Ah 32
DCZ0/2 Test zone LAARN + 4 9Ah 760 Drive calibrafion
Protection zone 3 [<LAAn +10 7Ah
LAAn is LAA in Outer zone 0 and LAA2 in Outéer zone 2.

Figure 98-= Outer zone 0/2 (Lead-out zone)

Outer Description First PAA Number of PUrpose
zone 1 p of zone phys. clusters p
--- Protection zone 3 --- ---
DCZ 1 Test zone FAA -10 78h 760 Drive calibration
l Buffer 4 FAA - 4 98h 32
Rewritabl INFO 4 Control data 4 FAA -4 18h 32 Data information
W . DMA 4 FAA - 3 98h 32 Disk management
¢ --- Angular buffer FAA -3 18h 102 ---
8
Tracking Control data 3 FAA -1 80h 32 Data information
direction | [NFO 3 DMA 3 FAA -1 00h 32 Disk management
Ap Yy 2 I AA oNnl 27
Figure 99 — Outer zone 1
20.2 INFO 3/Buffer 3
This zone of 32 physical clusters shall be left unrecorded.
© ISO/IEC 2021 - All rights reserved
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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.

20.5 Angular buffer

This zond of 102 physical clusters shall be left unrecorded.

20.6 INKO 4/DMA 4

This zong of 32 physical clusters is intended for use by the disk-management system (see 22.2). Unused
clusters ip this zone shall contain all 00h or can be left unrecorded.

20.7 INKFO 4 /Control data 4
This zond of 32 physical clusters is intended to store control information.

Unused clusters in this zone shall contain all 00h.

20.8 INKO 4 /Buffer 4

This zong of 32 physical clusters shall be left unrecorded.

20.9 DCE 0/Test zone, DCZ 1/Test zone and DCZ 2 /Test zone

These test zones of 760 physical clusters are-reserved for drive calibrations.

20.10 Protection zone 3
This zond contains an unrecorded-groove.

All ADIP |units in the grpoves in this zone shall be modulated by MSK-cos only and not by HMW
(see 15.6.2).

21 Physical-access control clusters

21.1 General

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
information” fields.

NOTE To preserve compatibility:

from the point of view of zone layout, PAC 1 and PAC 2 are allocated only on layer LO and layer L1, and the

corresponding zone on layer L2 is reserved;

21.2 Layout of PAC zones

TH
of]

for the storage of PAC.

E4

2 ¢opies of each PAC cluster recorded. A PAC shall always be updated-\first in the INFO 1/PAC 1

from the point of view of PAC content, there are no additional unknown-PAC rules for this reserxe
this reserved zone is out of PAC control.

e INFO 1/PAC 1 zones on layer LO and layer L1 form one area of 64 clustersravailable for th
PAC and the INFO 2/PAC 2 zones on layer L0 and layer L1 form another areaof 64 clusters

ch PAC cluster shall be recorded in both zones INFO 1/PAC 1 and iNEO 2/PAC 2, so there a

 zone and

e storage
available

e always
zone and

then be copied to the INFO 2/PAC 2 zone, which eases the handlirig of possible power-down failures.

T}
PA

e PAC-update count of the PAC cluster recorded in the INEQ 2/PAC 2 zone shall be the sa
C-update count of the PAC cluster recorded in the INFO 1/PAC 1 zone.

me as the

If p PAC cluster is found to be defective during recording, the defective cluster shall be skipped and

inflicated as invalid in the DDS (see Figure 100). A@eplacement PAC should be recorded in

avj

T}
DI

ailable cluster.
e status of all locations in both the INFO 1/PAC 1 and INFO 2/PAC 2 zones shall be indica
DS (see 22.2.2) by a 2-bit pattern as follows:
b1y, by Content in PAC location
00 Unrecorded
(also to be used if layer not present)

01 Available for re-use?

10 Contains an invalid PAC?

11 Contains a valid PAC

a2 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 b, and b, of the unknown-PAC rules).

the next

fed in the

rigure 100 — Status o1l FAC locations

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

co

nstitute the PAC header.
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Data frame Elyazgofsri;irﬁg Content Number of bytes
0 0to2 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 13t0 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 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 388to 2 047 PAC-specific information 1660
1 0to 2047 PAC-specific information 2048
30 0to 2047 PAC-specific juformation 2 048
31 0to 2047 Reserved 2048

Figure 101 — General layout of PAC clusters

The PAC_|D shall identify the specific type.of PAC cluster as follows:
— if setfto 00 00 00h, the PAC clustéris unused;

The RAC_ID of all subsequent-PAC clusters in the INFO 1/PAC 1 zone or INFO 2/PAC 2 zone shall pe
set td 00 00 00h or those-subsequent cluster locations shall be left unrecorded.

— if set|to 50 52 4Dh, the-PAC cluster is the primary PAC as defined in 21.4;
— if setfto 44 57 50h,the PAC cluster is the DWP PAC as defined in 21.5;

— if set|to 49 53"31h, the PAC cluster is the IS1 PAC as defined in 21.6;

— if set|ta:49 53 32h, the PAC cluster is the IS2 PAC as defined in 21.6;

— if setto 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

clfister contained within the full user-data area.

If
PA
iry

h drive encounters multiple unknown PACs on one disk, it shall use the OR-function of the ynknown-
C rules (in other words, if one of the PACs excludes an action, the same rule of-the’ othgr PACs is
elevant).
Area Bits Control Mandgtor %
type setting
by, to by, Resetved 0000 0009
b Writ -
Reserved 8 3 e
b Writ ONE
Reserved 7 b21 Re:\c?
INFO 2 bz" Wit
Reserved 6 12 e
b,g Read -
b Writ -
Reserved 5 i e
INFO 1 Drive area bys Write ZERO
b4 Read ZERO
b Writ ONE
Reserved 3 L e
INFO 1 Reserved 2 Dyy Write ONE
b Write ONE
R d1 -
eserve by Road -
DMA zones (not including .
INFO 1,2,3,4 the DDS; see 22.2) b, Write -
b Reserved unless otherwige
6 specified by the BDAP.
INFO 1,2,3,4 Control data zones bs Write -
b, Read -
Dat User dat /S t LR Write -
ata zones ser data area / Segments
8 b, Read -
b Writ -
INFO1land2 |PAC cluster 1 e
b, Read -
"-": No mandatory setting specified, as well ZERO as ONE can be allowed depending on
specific PAC
Figure 102 — General bit assignments for unknown-PAC rules
For all zones/areas, except the PAC cluster, the bits have the following meaning:
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Control type = write:

if set to ZERO:

if set to ONE:

Control type = read:

if set to ZERO:

indicating that writing in the related zone/area is allowed;

indicating that writing in the related zone/area shall not be allowed.

indicating that reading in the related zone/area is allowed;

Ly dode.
I SCL LU

The meaning of “reading shall not be allowed” in this context is: the data content of the clusters.in t
ea(s) are not allowed to be transferred outside the drive or presented to the user.

related at

For the PAC cluster, the bits have the following meaning:

Control type = write:

if set to ZERO:

if set to ONE:

Control type = read:

if set to ZERO:

if set to ONE:

The unkr
follows:

Bit

Do:

if set to ZERO:

if setto ONE:

own-PAC entire_disk_flags byte Specifies unknown-PAC rules that cover the entire disk

These bits shall be reserved.

Re-initialization:

. o dos- 4] 4= o H 4] 1ot L 1 1l 4=l 1l |
HIUICAtlllg tHdl T CTAUIITg I UHHIT TTIAlTU ZUIIC/ d1 T4 SIIdll TTUT UT dallUVWTU.

indicating that overwriting the current PAC cluster or changing its sta]
bits in the DDS is allowed;

indicating that overwriting the current PACcluster and changing its staf
bits in the DDS shall not be allowed, exeept during re-formatting.

indicating that reading and tramsferring the content of the current clust
outside the drive is allowed:

indicating that the contenit of the current PAC cluster, except for the fij
384 bytes of the first-data frame, shall not be transferred outside the dri}
to be enforced by setting all bytes not belonging to the PAC header to 0
before passing the content of the cluster.

indicating that re-initialization is allowed, if not blocked by any oth
write-protect mechanism for the entire disk;

indicating that re-initialization shall not be allowed if the PAC is unknoy
to the drive.

UusS

er

st
e,
Dh

as

The number of segments 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 32

as per Formula (56):

N
s <32
i=0

(56)

where ng ; is the number of segments in PAC;.

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).

160
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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;

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

PA

C clusters are encountered the drive shall npp]y the OR-function to the related unknown-

AC rules

mn

Th
in

T}

21

T}
di
di

the overlap areas.

e known-PAC entire_disk_flags byte specifies rules for the entire disk in case the drive
rerpret the PAC as follows:

Bits b, tob;:  These bits shall be reserved.
Bit by: Re-initialization:

— ifsetto ZERO: indicating that re-initialization is allowed, if not blocked by 4
write-protect mechanism for the entire\disk;

— ifsetto ONE: indicating that re-initialization shall not be allowed.

e PAC-specific information fields contain information that is specific to the current PAC.

.4 Primary PAC cluster (mandatory)

e primary PAC cluster shall be included on eath disk to provide information about the date
bk was initially recorded and to identify each recorder that has recorded individual clustg
5k. The layout of the primary PAC cluster-shall be formatted as depicted in Figure 103.

is able to

iny other

when the
rs on the
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Data Frame Byte position Content Number of bytes

in data frame

0 O0to2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-update count 4

0 8to11 Unknown-PAC rules 4

0 12 Unknown-PAC entire_disk_flags 1

0 13 to14 Reserved 2

0 15 Number of Segments T

0 16 to 23 Segment_0 8

0 24 to 31 Segment_1 8

0 32to 263 : 29 x 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 to 389 Number of recorder ID entries 2

0 390 to 393 | Year/Month/Date of initial recording 4

0 394 Re-initialization RID_tag-# 1

0 395to 511 Reserved 117

0 512 to 639 Recorder ID for RID, tag 01h 128

0 640 to 767 Recorder ID for RID_tag 02h 128

0 768 to 896 Recorder ID forRID_tag 03h 128
1920 to 2047 : 128

1 0to 127 Recorder ID for RID_tag xxh 128

15 1920 to 2 047 Recorder ID for RID_tag FCh 128

16 0to2047 Reserved 2048

31 0to,2'047 Reserved 2048

Figure 103 — Layout of primary PAC cluster
The PAC_|D 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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Th
al

T}
T}

Th
al
in

Aren Bits Control Mandgtory
type setting
bs, to by, Reserved 0000 0000
b,- Write ZERO
Reserved 8 b,, Read ZERO
Reserved 7 D,y rite o
b, Read ZERO
INFO 2 i
Reserved 6 Dy Write o
bia Read ZERO
b Write ZERO
Reserved 5 b, Read ZEROQ
) b« Write ZERO
INFO 1 Drive area by Read ZERO
by Write ONE
Reserved 3 b,, Read ZERO
b, Write ONE
INFO 1 Reserved 2 b1o Read 7ZERO
b, Write ONE
Reserved 1 b Read ZERO
DMA zones (not including ;
INFO 1,2,3,4 the DDS; see chapter 22.2) b7 Write £ERO
b Reserved unless otherwisg
p specified by the BDAP
b, Write ZERO
INFO 1,2,3,4 | Control data zones b, Read 7ERO
b, Write ZERO
Data zones User-data area/Segments b, Read 7ERO
b, Write ZERO
INFO 1&2 PAC cluster b, Read 7ZERO

T}

Figure 104 — Bit assignments for unknown-PAC rules for primary PAC

e number of segménts 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 PAC is unknown to the drive and there are no other mechanisms blocking re-init

e fumber of recorder ID entries field shall specify the number (< 252) of 128-byte rec

he disk is
alization.

e known-PAC entire_disk_flags byte shall be set to 00h indicating re-initialization of the disk is
owed inncase the drive is able to interpret this PAC and there are no other mechanisms bl¢
tialization.

cking re-

prder 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.

The re-initialization RID_tag # shall specify the recorder-ID tag number of the recorder that last (re-)
formatted the disk.
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The recorder ID for RID_tag xxh fields shall contain the 128-byte drive signatures of all recorders (up to
amaximum 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):

— 48 bytes 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 bytes for a unique serial number of the drive.

The first|time a recorder writes data to a disk, it shall add its recorder ID to this list. There shall pe
no duplicpte entries and new entries shall only be appended to the end of the list. This list shallinot pe
sorted or] changed in any other way, since the relative location of each entry determines thé)RID_tg
value (seg Figure 103) assigned to each specific recorder. After all available recorder ID!fields have
been used, recorders whose recorder ID cannot be registered in the PAC anymore shall usethe RID_tag
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 (DWP) PAC cluster (optional)

The DWP|PAC cluster is optional and can be used to protect a disk agdinst unintended write actions|or
write actjons by unauthorized persons. For the latter purpose, alpassword can be included. If a valid
DWP PA( cluster exists on the disk, products that understand the PAC shall follow the rules indicated
by the Wi control byte, else they shall follow the unknown-PA€rules. The layout of the DWP PAC cluster
shall be fprmatted as depicted in Figure 105.

164 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

TH
T}
T}

Data frame Byte position Content Number of bytes
in data frame

0 Oto2 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 13 to14 Reserved 2

0 15 Number of segments 1

0 16 to23 Segment_0 8

0 24 to 31 Segment_1 8

0 32t0 263 : 29 x 8
0 264 to0 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC entire_disk_flags 1

0 385 to 387 Reserved 3

0 388 WP control byte 1

0 389 to 395 Reserved 7

0 396 to 427 WP password 32
0 428 to 2 047 Reserved 1620
1 0to 2047 Reserved 2 048
31 0to 2047 Reserved 2048

Figure 105, — Layout of the DWP PAC cluster

e PAC_ID shall be set to 44 57 50h, representing the characters “DWP”.
e PAC-format field shall be'set to 00h, indicating this is a DWP PAC version 0.

e PAC-update count ghall specify the total number of update operations of the current PAC.
shill be set to 00 00.@0,00h during the first format operation only and shall be incremented by
tie the current PAG'is re-written.

The unknown=PAC rules shall be set as Figure 106:
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Area Bits Control Mandgtory
type setting
b, to by, Reserved 0000 0000
b Write ZERO
R ds 23
eserve by, Read ZERO
Reserved 7 b, Write ONE
b, Read ZERO
INFO 2 .
Reserved 6 b Write ONE
b.g Read ZEROQO
b Write ZERO
R ds 17
eserve by, Read ZERO
b Write ZERO
INFO 1 Drive A 12
riveArea by, Read ZERO
b Write ONE
R d3 13
eserve by, Read 7ZERO
b Write ONE
INFO 1 R d2 =
eserve byo Read ZERO
b Write ONE
R d1 2
eserve by Read ZERO
DMA zones (not including .
INFO 1,2,3,4 the DDS; see chapter 22.2) b, Write ZERO/ONE
b Reserved unless otherwise
6 specified by the BDAP
B Write ZERO/ONE
INFO 1,2,3,4 1 2
[FO 1,2,3, Control data zones b, Read 7ERO
b Write ZERO/ONE
D _ 3
hta zones User-data area/Segments b, Read 7ERO
b, Write ONE
INFO 1 and 2 | PAC cluster by Read ONE
Figure 106 — Bit asSighments for unknown-PAC Rules for DWP PAC
Bits b,, bd, b and b; shall be sét to ZERO if bit b, of the WP control byte is set to ZERO (WP off) and b
b,, be, bs #nd b shall be sett0-ONE if bit b, of the WP control byte is set to ONE (WP on).
The unknown-PAC entire/disk_flags byte shall be set to 01h indicating re-initialization of the disk is 1
allowed if this PAC issunknown to the drive.
The numlber of segments shall be set to 00h.
The Segnjent, i fields shall all be set to all 00h.

ot

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 ¢

ontrol byte shall specify the allowed and required actions (see Figure 107) as follows:

—  Bitsb;tobs:  These 5 bits shall be reserved.

—  Bitby: This bit indicates WP with/without password (PWD):

166

if it is set to ZERO, no checking of the password is needed;
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ifitis setto ONE, in case bit by is set to ONE, the write protection is switched on, only host-in-
itiated write actions shall be allowed if the password supplied by the host matches the pass-
word contained on the disk.

Bit b;: This bit indicates the method of write protection:

if set to ZERO, this bit indicates virtual WP. After executing the required actions as specified
in the table of Figure 107, host-initiated write actions shall be executed without changing the
write protection settings on the disk;

TH
of

T}
ng

If
of]

If
in
se

f to 111.

Bitb: This bit indicates write protect on/off:

1f set to ONE, this bit indicates the physical WP. After executing the required action$ as speci-
fied in the table of Figure 107, host-initiated write actions shall only be executedafter setting
bit b, to ZERO, indicating that the write protection is switched off.

if set to ZERO, it indicates that write protection is switched off (WP off) and the host-initiated
write actions is allowed without any restrictions;

if set to ONE, it indicates that write protection is switched ofi (WP on), meaning thaE all write

actions initiated by the host shall be blocked by the drive.ahd the host-initiated wrike actions
are only allowed after executing the required actions a$.specified in the table of Figure 107;

if the write protection is switched on, re-initializing'the disk shall not be allowed.

e WP control byte shall only be changed after executing-the required actions as specified i the table
Figure 107.

e WP password can consist of up to 32 charactéers from the ISO/IEC 646 character set. Trailing bytes
t used shall be set to 00h. The WP password-shall never be transferred outside the drive.

1l bytes of the WP password field are set to 00h, then the WP password feature is inactive and bit b,
the WP control byte shall be set to ZERO.

he WP password field is set to all FFh, then the disk is permanently write protected and furfther host-
tiated write actions on the disk shall not be allowed. Bits b,, b; and b, of the WP control by{e shall be
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WP Status Actions
control
. For changing WP control
b, [ by | by For writing data bits or the password
01]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|l 1] 0| NoPWD/physical/WP off |Allowed Allowed
Allowed after Allawed Af
0 T No PWD;physical/ WP on | confirmation by the Tost | wec-ater
and changing to WP off confirmation by the host
Allowed after
1 0 | With PWD/virtual/WP off | Allowed confirmation of {42
password supplied by
the host
Allowed after Allowed after
1 1 | With PWD /virtual /WP on confirmation othe confirmation of _the
password supplied by password supplied by
the host the host
Alowed after
. . confirmation of the
111 | 0 | With PWD/physical/WP off | Allowed password supplied by
the host
Allowed a_fter Allowed after
confirmation oKye confirmation of the
1|11 | With PWD/physical/WP on | password supplied by assword sunplied b
the host and changing to 'Ic)he host PP y
WP off.
Figure 107 — Status and allowed actions defined by write-control bits
21.6 IS]Iland IS2 PAC clusters
The IS1 PAC and IS2 PAC may be (recorded on an unrecorded disk. When BCA code is not record
on an untecorded disk, 1S1/1S2 PAC structures shall be recorded in INFO 1/PAC 1 and INFO 2/PA( 2
before shipping as pre-recorded area. When BCA code is recorded on an unrecorded disk, 1S1/1S2 P
structures shall not recorded:
The layoyt of the IS1 PAG.and IS2 PAC cluster shall be formatted as depicted in Figure 108.

ed

\C
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Byte position

Data frame in data frame Content Number of bytes
0 0Oto2 PAC_ID 3
0 3 PAC format 1
0 4to7 PAC-update count 4
0 8to11 Unknown-PAC rules 4
0 12 Unknown-PAC entire_disk_flags 1
0 13 to 14 Reserved 2
0 15 Number of segments T
0 16 to 23 Segment_0 8
0 24 to 31 Segment_1 8
0 32t0 263 : 29 x 8
0 264 to 271 Segment_31 8
0 272 to 383 Reserved 112
0 384 Known-PAC entire_disk_flags 1
0 385to 2 047 Reserved 1663
1 0to 2047 Reserved 2048
31 0to 2047 Reseryed 2048

P PAC.

C.

Figure 108 — General layoutef1S1 and IS2 PAC clusters

e PAC-format field shall be set to 00hfor both PACs, indicating this is version 0.
e PAC-update count shall be set£o,00 00 00 00h for both PACs.

e number of:segments shall be set to 00h for both PACs.
e Segment, 7 fields 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_ID shall be
L to 49 53 32h, representing the characters\[S2” for [S2 PAC.

e unknown-PAC rules shalkbe 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 0ph for 1S2

22 Disk management

22.1 General

Disk management defines and controls methods of recording data on the disk including defect
management. Defect management is used to solve problems related to areas on the disk that 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.
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The data originally intended to be recorded at a defective location is recorded at an alternative location
that is, determined by the file system.

In the defectlist (DFL), according to this document, 2 types of defects can be distinguished (see 22.2.3.4)
as follows:

— defects that are indicated as non-reallocatable defect (NRD);

— 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 Digjk-management structure (DMS)

22.2.1 (General

A DMS is made up of a disk-definition structure (DDS) and a DFL. The DDS consists of ofig cluster which
shall be repeated 4 times, for robustness reasons, and the DFL consists of 8 consecutive clusters.

Whenevef a disk leaves a recorder, all DMS shall correctly reflect the current statiis of the disk.

All 4 occyirrences of the DMS, recorded in the DMA zones in the inner and ‘euter zone(s), shall contdin
the samelinformation, except for the first PSN of the DFL (see 22.2.2, byte:24 of data frame 0). The DNIA
zones shdll be updated in the order DMA 1, DMA 2, DMA 3, DMA 4 for‘ease of handling possible pow¢r-
down failures. After such an update, all DDS update counts (see 222.2; byte 4 of data frame 0) shall be
the sameljand all DFL-update counts (see 22.2.3.2, byte 4 of data frame 0/cluster 0 and 22.2.3.3, defeft-
list termiphator) shall be the same.

The DMA| zones consist of 96 consecutive clusters dividedover 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
Laber 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 15t position of DFL Damaged DFL
Cluster 17 to 24 2" position of DFL Valid DFL
Cluster 25 to 32 3rd position of DFL Empty
Cluster 89 to 96 11t position of DFL Empty

rFigure 11U — ExXample ol DM A zone

22.2.2 Disk-definition structure (DDS)

The DDS specifies the format and status of the disk with relation to the disk management. The|format of
the DDS is defined in Figure 111.

Data frame iBnyéig O;};ﬁg Content Nutr)r; tt’;z of
0 Oto1l DDS identifier 2
2 DDS format
3 Reserved
4to7 DDS update count

8to 15 Reserved

16 to 19 Firs&PSN of drive area

20 to 23 Reserved

24 to 27 First PSN of defect list

28to 31 Reserved

32to 35 Location of LSN 0 of user data area

36 to 39 Last LSN of user data area

40to 43 Reserved unless otherwise specified by the BDAP
44 to 47 Reserved unless otherwise specified by the BDAP
48 to 51 Reserved unless otherwise specified by the BDAP

52 Flag A
53 Reserved
54 Reserved unless otherwise specified by the BDAP
55 Reserved
56 to 59 Reserved unless otherwise specified by the BDAP
60 to 63 Reserved
64 tao 71 Status bits of INFO 1/PAC 1 locations on layer 1.0

72to0 79 Status bits of INFO 2/PAC 2 locations on layer LO
80 to 87 Status bits of INFO 1/PAC 1 locations on layer L1

LA I N Y Y Y N N N S N N ES EY RS S ES PN S

=l K=2 k=1 k=1 k=2 I =2 k=] =] A =2 k=] k=] k=] k=l f=] =) fo) Jol fol fol fol fol Nl Nl Nl N

88 to 95 Status bits of INFO 2/PAC 2 locations on layer L1 8
96 to 2 047 Reserved 1952
0to 2047 Reserved 2048
31 0to 2047 Reserved 2048

Figure 111 — Format of DDS
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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.

The first PSN of drive area field shall specify the first PSN of the first cluster of the pair of clusters that
contains the drive-specific information frames.

If the driv

The first
particula

The locat
user data
BDAP.

The last L
the stora

The 8-bit

flag A field specifies the status of the TL disk. Bits b; and bg shall be reserved. Bits bg, b,

b,, by, and b shall be set to ONE unless otherwise specified by the BDAP.

The staty
clusters i
21.2.

s bits of INFO 1/PAC 1 locations on layer LO field shallspecify the recording status of all

Byte position Bits INFO 1/PAC 1 location PAA
64 b, be 0 01 FF 80h
64 bs b, 0 01 FF 84h
64 b, by 0 01 FF 88h
64 b}-B, 0 01 FF 8Ch
65 b, bg 0 01 FF90h
70 b, b, 0 01 FF ECh
71 b, bg 0 01 FF FOh
71 bs b, 0 01 FF F4h
71 b; b, 0 01 FF F8h
71 b, b, 0 01 FF FCh

h the INFO 1/PAC 1 zone on layer LO (see Figure 112)/The bit pairs shall be set as defined|i

e area is unrecorded, this field shall be set to 00 00 00 00h.

PSN of DFL field shall specify the first PSN of the DFL in the DMA zone containing this
I DDS.

jion of logical-sector number (LSN) 0 of user-data area field shall specify the(RSN of the fifst
frame in the first cluster and shall be set to 00 10 00 00h unless otherwisespecified by the
SN of user-data area field shall specify the LSN; (see Clause 23) of tlelast sector available for
pe of user data and shall be set to 02 E9 D3 FFh unless otherwise spécified by the BDAP.

Figure 112 — Status bits and related INFO 1/PAC 1 address locations on layer L0

The status bits of INFO 2/PAC 2 locations on layer LO field shall specify the recording status of all 32
clusters in the INFO 2/PAC 2 zone on layer L0 (see Figure 113). The bit pairs shall be set as defined in

21.2.

172
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Byte position Bits INFO 2/PAC 2 location PAA
72 b, be 001 BA0OOh
72 bs b, 001 BA 04h
72 b, b, 001 BA08h
72 b, by 001 BAOCh
73 b, bg 001 BA 10h
78 b, by 001 BA 6Ch
79 b, bg 001 BA 70h
79 bs b, 001 BA 74h
79 b; b, 001 BA78h
79 b, by 001 BA7Ch

Figure 113 — Status bits and related INFO 2/PAC 2 addresslocations on layer L

-’

The status bits of INFO 1/PAC 1 locations on layer L1 field shallSpecify the recording status of all 32
cliisters in the INFO 1/PAC 1 zone on layer L1 (see Figure 114} The bit pairs shall be set as defined in
21.2.
Byte position Bits INFO 1/PAC 1 location PAA

80 b, by 0 7E 00 00h

80 bs b, 0 7E 00 04h

80 b; b, 0 7E 00 08h

80 b{b, 0 7E 00 0Ch

81 b, bg 0 7E 00 10h

86 b, by 0 7E 00 6Ch

87 b, b, 0 7E 00 70h

87 bs b, 0 7E 00 74h

87 b, b, 0 7E 00 78h

87 b, by 0 7E 00 7Ch

Figure 114 — Status bits and related INFO 1/PAC 1 address locations on layer L1

T} A ckatnc k"i—s Gf H\IE‘O 2 /DA;C 2 laocationc on lavynw Ll f:cld Shall cnoacifutha racowrding oo 4 Of al] 32

cTSTtactoas UTe TINT ] r1 Z TOCTOCIUTI S UTT S AR SPCTITy ot T e CoTUTIT S~ Statt

clusters in the INFO 2/PAC 2 zone on layer L1 (see Figure 115). The bit pairs shall be set as defined in
21.2.
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Byte position Bits INFO 2/PAC 2 location PAA
88 b, be 0 7E 45 80h
88 bs b, 0 7E 45 84h
88 b, b, 0 7E 45 88h
88 b, by 0 7E 45 8Ch
89 b, bg 0 7E 45 90h
94 b, b, 0 7E 45 ECh
95 b, be 0 7E 45 FOh
95 bs b, 0 7E 45 F4h
95 b, b, 0 7E 45 F8h
95 b, b, 0 7E 45 FCh

Figure 115 — Status bits and related INFO 2/PAC 2 address locations on layer L1

22.2.3 Defectlist (DFL)

22.2.3.1 |General

The first data frame of the 8 clusters constituting the DFL centains a defect-list header (DLH) followgd
by a list of defects. The list of defects shall be terminated:by*a defect-list terminator.

The DFL ghall be composed as shown in Figure 116.

Cluster S b o
nymber/ tart byte position Content Number of bytes
in data frame
Data frame
0/0 0 Defect-list header 128
0/0 128
: : List of defects 65408
D /31
1/0 0
: List of defects 65536
1 /31
K/Q
. 0 List of defects
nx8
nx8 Defect-list terminator 8
: Set 00h
K/31 (n+1) <8
K=7.

Figure 116 — Format of DFL
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The DLH identifies the DFL and contains information about the composition of the list of defects
(see 22.2.3.2).

The list of defects contains a list of clusters determined to be defective during use of the disk
(see 22.2.3.3).

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

fol

lowing the defect-list terminator shall be set to 00h.

272
T}
T}
TH
T}

.2.3.2 Defect-list header (DLH)
e format of the DLH is defined in Figure 117.
e DFL identifier shall be set to 44 4Ch, representing the characters “DL".

e DFL format field shall be set to 00h, identifying a DFL.

e DFL-update count shall specify the total number of update operations‘of the DFL. This field shall be

sef to 00 00 00 00h during the first format operation only and shallbe‘incremented by one
the DFL is re-written.

TH
fo

e number of DFL entries, Npg;, shall indicate the total nuniber of entries in the DFL and s
lows:

Npg, = Nyrp + Npga, unless otherwise specified by¢he BDAP;

Npp < 65 519.

where Nygp is the number of NRD and Npg, is the number of PBA.

bach time

hall be as
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Cluster Byte position
number/ | . Content Number
Data frame | ™" data frame of bytes
0/0 Oto1l DFL identifier 2
0/0 2 DFL format 1
0/0 3 Reserved 1
0/0 4to7 DFL-update count 4
0/0 8to 11l Reserved 4
0/0 12 to 15 Number of DFL entries (Npg.) 4
0/0 16to 19 Reserved unless otherwise specified by the BDAP 4
0/0 20to 23 Number of NRD entries 4
0/0 24 to 27 Reserved unless otherwise specified by the BDAP 4
0/0 28to 31 Number of PBA entries 4
0/0 32to 35 Reserved unless otherwise specified by the BDAP 4
0/0 36to 63 Reserved 28
0/0 64 to 67 Reserved unless otherwise specified by the BDAP 4
0/0 68to 71 Reserved unless otherwise specifiedby the BDAP 4
0/0 72to 75 Reserved unless otherwise specifiéd by the BDAP 4
0/0 76 to 79 Reserved unless otherwise specified by the BDAP 4
0/0 80 to 83 Reserved unless otherwise specified by the BDAP 4
0/0 84 to 87 Reserved unless otherwise specified by the BDAP 4
0/0 88to 127 Reserved 40
Figure 117 — Format of DLH

The numlber of NRD entries shall specify thetotal number of NRD entries in the DFL.
The numlper of NRD entries is a variable number that can change during the use of the disk.
The numlper of PBA entries shall specify the total number of PBA entries in the DFL.

The numlber of PBA entries is:a-variable number that can change during the use of the disk.

22.2.3.3 |List of defects
The formpt of the list of defects is shown in Figure 118.

The DFL dhall be-updated after formatting and each time an entry is added, removed or changed (chanige
in status praddress).

The DFL entries shall be formatted as specified in 22.2.3.4. DFL entries consist of 8 bytes and these
entries shall be recorded contiguously, even across the borders of data frames and clusters.

The defect-list terminator shall be composed of two 4-byte parts 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 DFL at power-down failures).
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Cluster .
number/ Sta.rt byte position Content Number of
in data frame bytes
Data frame
0/0 128 DFL entry 0 8
0/0 136 DFL entry 1 8
0/0 i x 8+128 DFL entry i 8
876 2932 BDFtemtry 238 8
0/0 2 040 DFL entry 239 3
0/1 0 DFL entry 240 8
0/1 8 DFL entry 241 8
0/1 2 040 DFL entry 495 8
0/n 0 DFL entry n x 25616 8
0/31 2 040 DFEentry 8 175 8
m/0 0 DEL entrym x 8192 - 16 8
m/0 jx 8 DFL entry mx 8192 - 16 +j 8
m/0 2040 DFL entry m x 8 192 - 16 + 255 8
m/1 0 DFL entry m x 8 192 - 16 + 256 8
m/1 2 040 DFL entrymx 8192-16+511 8
m/n 0 DFLentrymx 8 192 + nx 256 - 16 8
m/31 2040 DFLentrymx 8192 +8191-16 8
K/ [(Npp, - 1) x 8+ 128
@>m) | -nx2048-Kx 65536] DFL entry (Npp, - 1) 8
K/n (NppLx 8+ 128 .
~nx 2048 - Kx 65 536) DFL terminator 8
K/n [(Npp, + 1) x 8 + 128
“nx 2048 - Kx 65 536] Setto 00h
K/(n+1) 2048
to K/31 0 Set to 00h
K=7
Figure 118 — Format of list of defects
© ISO/IEC 2021 - All rights reserved
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22.2.3.4 DFL entries

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 (J/bit 7..4 | Byte 0/bit 3.0 and byte 1to 3 | Byte 4/bit7..4 | Byte 4/bit 3..0 and byte 5 to)7
of DFL entry i of DFL entry i of DFL entry i of DFL entry i

b63 - b60 b59 .- b32 b31 - b28 b27 .- bo

Status 1 Defective cluster first PSN Status 2 Number of successive clusters

Figure 119 — DFL entry format

The defe¢tive cluster first PSN shall identify the PSN of the first physijeal sector of the cluster to pe
indicated] Only the 28 Isbs of the PSN shall be stored in bits bgg .. b;£fthe 4 msbs are discarded). Each
defective|cluster shall appear only once in the list of defects.

The numlber of successive clusters field shall indicate the number of successive clusters covered by the
possibly lbad area (the value 0 00 00 00h indicates that the number of unreliable clusters is unknown)
when stafus 1 field is set to 0100 (see Figure 120). When(status 1 field is not set to 0100, this field|is
reserved unless otherwise specified by the BDAP.

The status 1 field shall indicate the status of the enty as shown in Figure 120.

Statug 1 | Status 2 Type Definition

0001 0000 NRD The entry identifies a defective location.

The entry identifies an area on the disk that might be
0000 defective and has to be checked. The defective cluster
010 or PBA first PSN shall identify the PSN of the first physical sector
0100 of the first cluster related to an error event.

PBAs shall not include any NRD locations.

Reserved
unless
Others otherwise ---
Speciiied 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.

(Only allowed in combination with Status 1 = 0100 unless otherwise specifi
by the BDAP.)

0100 write actions the content of such clusters can be discarded (related status b
Sa,;/Sa;,at new location can be set to 11).

If the clusters covered hy a PBA mighf contain valid user data_the status 2

Then the clusters do not contain any relevant user data. During read-modify-

ed

its

such a PBA shall be set to 0000.

Others | Reserved unless otherwise specified by the BDAP.

Figure 121 — DFL-entry status 2 definition

3 Assignment of logical-sector numbers (LSNs)

L9Ns shall be assigned contiguously over all clusters available for storage of user data, so starting from

LN 0 and increasing by one for each successive user data frame(see Figure 122). LSN 0 is agsigned to

th

TH
fr

TH
us

TH
fr

T}
us

T}
th

e first user data frame in the first cluster after lead-in zone (at PSN = 00 10 00 00h).

e last LSN on layer LO is equal to 8 x LAA + 15 - 00 10°@0 00h and is assigned to the last
ime in the last cluster before the outer zone 0 (at PSN.58 x LAA + 15 = X).

e last LSN on layer L1 is equal to 16 x LAA* 31 — 00 20 00 00h and is assigned to the last
ime in the last cluster before the inner:zone 1 (at PSN = 03 EF FF FFh).

er data frame in the first clusterafter the inner zone 2 (at PSN = 04 10 00 00 h).

e last LSN on layer L2 = 24%LAA + 47 - 00 30 00 00h and is assigned to the last user datg
e last cluster before thedead-out zone (at PSN =04 00 00 00h + 8 x LAA+15=X+ 0400 00

Inner Out: Out: I Inner Outer
radius _ Layer LO radius  radius Layer L1 radius  radius Layer L2 radiu

user data

e first LSN on layer L1 shall be one higher than.tli€ last LSN on layer LO and is assigned t¢ the first
er data frame in the first cluster after the outet;zone 1 (at PSN =8 x FAA= X+FC000000h ).

user data

e first LSN on layer L2 shall be onie-higher than the last LSN on layer L1 and is assigned t¢ the first

frame in
DOh).

-~ o i
Z
v
—

Userdatal __...........| User data

area area

User data

aread

Zone Zone 0 |y| Zone 1 Zone 1 |y|Zone 2 Zone

Lead-in Outer Outer Inner Inner Lead-out

+ ) i F + I *
001000 00h X X+ FC000000h 03EF FF FFh 0410 00 00h PSN

0000 00 00h

Figure 122 — Assignment of logical-sector numbers (LSNs)
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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;

— signals generated by user-written marks.

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).

All requirements in Clauses 25 to 27 shall be fulfilled in all layers independent of the recording sta:ll:s
of other rlecording layers (whether unrecorded, recorded or partially recorded) from the inner.radius
of the entbossed HFM area(s) (start/end of the PIC zone) at nominal radius 22,4 mm up to €he’inrer
radius of the outer zone(s) + 20 um (dpyo/2 + 20 um). It is recommended that the requiremetits are also
fulfilled ih the remainder of the outer zone(s).

25 Method of testing for grooved area

25.1 General

The tests|shall be performed in the rewritable areas. The write and read’operations necessary for the
tests shall be made on the same reference drive.

When mepsuring the signals, the influence of local defects, such asdust and scratches, are excluded. Lo¢al
defects cqdn cause tracking errors, erroneous ADIP informationor uncorrectable data (see Clause 33)

25.2 Enyironment

All signals shall be within their specified ranges if\the disk is in its range of allowed environmental
conditionfs as defined in 8.1.1.

25.3 Reference drive

Ne}

25.3.2 Read power

The read [power is/the optical power, incident on the entrance surface of the disk. The read power shpll
be (1,44 4 0,10) mW for layer LO and layer L1 and (1,00 * 0,10) mW for layer L2 except when measuripg
push-pul] signals. For measurement of push-pull signals, the read power shall be (0,70 * 0,10) mW.

25.3.3 Read channels

The drive shall have 2 read channels as defined in 9.5 and 9.6. The HF signal from the HF read channel
shall not be equalized.

For measurement of the push-pull signals, the read channels shall be filtered by a first order LPF with
f-3 dB = 30 kHz.

For measurement of the wobble signals, the read channels shall be filtered by a first order LPF with
f-3 dB =16 MHz.
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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

27

Th
ch

6,522 kHz.

4 Definition of signals

4.1 General

e amplitudes of all signals are linearly related to currents thraugh a photodetector, and
early related to the optical power falling on the detector.

me signals are normalized relative to the total detector ¢irrent in an unrecorded, grooved

is total detector current is referred to as per Formula {57):

IG = (11 + IZ)groove

4.2 Push-pull signal

e push-pull signal is the low-pass filtered sinusoidal difference signal (I; - I;) in the radig
annel (see Figure 4), when the focus of the optical beam converges on the tracks. The push-{

can be used by the drive for radial tracking (see Figure 123).

In

general, the difference sighal (/; - I;) is normalized relative to the low-pass filtered tota

current (I; + I,). The peakrto-peak value of this real-time normalized push-pull signal, |

de

fined as per Formuld (58):

_[11(’—“)—12(0 (=g, (i=Tp)yy,

Il (t)+12 (t):|peak-peak - (11 +12 )attz (11 +12 )attl

PPnorm —

it rate of
bush-pull
1 be such

herefore,

area.

(57)

I PP read

ull signal

detector

PPnorm» 1S

(58)
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The real-
25 um? (g

25.4.3 V
The wobk
(h-I)i
tracks ac
The signg
as per Fol

Tyws 3

26 Sign

26.1 Pu

The polary

Detector]
current . .
(mA) ! |
! 1
! 1
! 1
! 1
Sum signal : !
l !
! |
I I
\ U1~ I2)max j
l :
! |
I I
I I
0
(h- 1) b/ b TN
Difference signal | . Radial position

! 1 (time)
! 1
(11 - IZ)min : :

On tack On track

Figure 123 — Definition of push-pull signals

fime normalized push-pull signal, Vpp,,.m, Shall be converted for the photodetector size
ee .9).

Jobble signal

le signal, Iy, is the peak-to-peak value of:the band-pass filtered sinusoidal difference sigy
h the radial IgP read channel (see Figure 4), when the focus of the optical beam follows t
fording to 25.3.4. See also Annex E and Annex M for a measurement method.

I shall be normalized by the peak-to-peak value of the push-pull signal (/; - ) ,, to be, Iy
'mula (59):

I

B Wpp (5

(11 - 12 )pp
als from HEMgrooves

sh-pullpolarity

ity/0f'the push-pull signal is said to be positive if the signal has the same polarity as the pus

pull signg

of

al
he

V'S

ldetected 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).
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26.2 Push-pull signal

2021(E)

The peak-to-peak value of the real-time normalized push-pull signal, (Vppy,rm 1Em) cony i the embossed
HFM areas shall be as 0,26 < (Vppporm Hrm) cony < 0,52

26.3 Wobble signal

The normalized HFM-wobble signal amplitude, Iyyys, is @ 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
Iy

Af
Iy

N(
fr
su

TH
PI
bd

Ba
Th

2!

2-

26.4 Jitter of HFM signal

locations where the HFM wobble signal shows minimum amplitudes due to the wobhle
ws, shall be as per Formula (60):

0,30 = Iygws min S 0,60

locations where the HFM wobble signal shows maximum amplitudes due, to the wobble

hws, shall be as Formula (61):

INpws, max < 3 % INHWS,min

TE Because the shape of the HFM wobble signal detected in the embossed HFM areas differs si
m the wobble signal in the rewritable areas, the measuremént procedure as described in Anng
table for measuring these HFM wobble signals.

e binarized wobble signal from the HFM groeves represents the embossed HFM informat
C zone. The jitter of the leading edges and the jitter of the trailing edges of this binarized si
measured separately relative to a PLL clock.

th the leading-edge jitter and the trailing-edge jitter shall be <4,5 %.
e jitter shall be measured underthe following conditions:

ac coupling [high-pass filter (HPF)]: first order, f_; 45 = 20 kHz;

no equalization;

normalized by 18F clock period (see 15.5.4.2).

/ Signalsifrom wobbled grooves

.1 Phase depth

beat, the,

(60)

beat, the,

(61)

pnificantly
x E is not

on in the
bnal shall

Tt

ecinalo.nacce nhaco donth afthe aragaove chall nat avecoaad 9Q°
>THETe=pt Phict e pe-or—+he-t v Hetrr1HocExt o T

27.2 Push-pull signal

The peak-to-peak value of the real-time normalized push-pull signal (Vpp,orm)

conv

Formulae (62) to (66) in each layer:

in unrecorded areas (all neighbouring tracks unrecorded):

0'21 < (VPPnorm,unrec.)conv < 0'45

maximum variation of push-pull signal within 150 tracks in unrecorded areas:
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(VPPnorm,unrec. )max + (VPPnorm,unrec. )min

— maximum variation of push-pull signal within one layer in unrecorded areas:

(VPPnorm,unrec. )max - (VPPnorm,unrec. )

(VPPnorm,unrec. )max + (VPPnorm,unrec. )min

— inrecorded areas (all neighbouring tracks recorded):

min <0,18 (63)

min < 0,25 (64)

0,21

— ratio

0,75

27.3 Wa

27.3.1 G
The, Iyysg

that the 4
calculate

2732 M

S (VPPnorm,rec.)conV = 0'45 (6

of average push-pull signals in recorded and unrecorded areas within

(VPPnorm,rec. )conv <1,25 (6

B (VPPnorm,uanC- )conv

bble signal

eneral

is a measure of the deviation of the groove track fromdts‘average centrelines. The distan
ctual centre of the wobbled groove track deviates from the average track centre line can
 according to Annex M.

[easurement of Iy

Due to interference with the wobbles of adjacent tracks, the amplitude of the wobble signal shows

variation

(called “wobble beat”). The wobble signals shall be measured in an unrecorded area wh

continuOJlsly tracking the spiral groove. A measurement procedure shall follow Annex E.

At locati
shall be 0

ns where the wobble signal shows minimum amplitudes (excluding the effects of MMs), Iy
20 < INWS,mln < 0,55-

At locations where the wobble signal’'shows maximum amplitudes due to the wobble beat, Iy, shall

Iyws,max 3
27.3.3 M

The narr
disk as d
minimuni

The carr

3 x INws,min-
[easurement of'the wobble CNR

w band S/N,{or CNR) of the wobble signal after recording at nominal recording velocity of t
efined in(15.8.3, shall be greater than 29 dB at the locations where the wobble signal shoj
amplitudes.

ec-shall be measured at 1 913,043 kHz, and the noise level shall be measured at 1 M

5)

6)

ce
be

jle

V'S

(see Ann

X E forthe detatted procedure).

27.3.4 Measurement of harmonic distortion of wobble

To guarantee a minimum quality of the HMW modulation, the second-harmonic distortion of the wobble
signal shall be sufficiently low compared with the second-harmonic level originating from the HMW
modulation.

The second-harmonic level, Ig};;, and the second-harmonic distortion level, Iy, shall be determined by
measuring the fundamental wobble frequency level and the second-harmonic frequency level at two

locations

184

of the disk. Booth levels shall be measured in the data zone and in protection zone 3.
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The ratio of the, Iy, and, Igy;, normalized to the local fundamental wobble frequency level, shall meet
one of the following requirements:

— Isyp/Isyy, < 12 dB with zero radial tilt;
Isyp/Ishy, < —6 dB within £ 0,70° of radial tilt.

The measurements shall be made using a spectrum analyzer (see Annex E for the detailed procedure).

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.

Clhuses 28 to 31 specify a series of tests to assess the phase change récording properties of the
recording layer, as used for writing data.

All requirements in Clauses 28 to 31 shall be fulfilled in all layers independent of the recording status
of|other recording layers (whether unrecorded, recorded or partially recorded) from the inrjer radius
of{the rewritable area (start/end of the INFO/OPC zone) at nominal radius 23,2 mm up to [the inner
rafdius of the outer zone(s) + 20 um (dpyo/2 + 20 pm). It is recothmended that the requirements are also
fulfilled in the remainder of the outer zone(s).

29 Method of testing for recording layer

29.1 General

THhe tests shall be performed in the rewritable areas. The write and read operations necessafy for the
tepts shall be made on the same reference drive.

When measuring the signals, the influence of local defects, such as dust and scratches, are |excluded.
Ldcal defects can cause tracking errors, or uncorrectable data (see Clause 33).

Alf signals shall be within their specified ranges with the disk in the range of allowed environmental

""" gstredttheappropriatechanelsof areferencedriveasspeetfted—d Clause 9

and in Annex H.
29.3.2 Read power

The read power is the optical power, incident on the entrance surface of the disk and only used for
reading the information. The read power shall be (1,44 * 0,10) mW for layer LO and layer L1 and
(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 for the detailed specifications).
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racking 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
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
disk (see

During re
bit rate o
test (see
7, the act
264,000

29.4 Wrijite conditions

29.4.1 V

Marks an|
one of the
multi-pul

The write
the disk 4

— thew
— theb
— thec
— thee
Marks ar
The valug
The actug

(see 15.8,

tests shall be carried out at the speeds defined in each of the DI units that are presenton't
15.8.3).

132,000 Mbit/s or an average wobble frequency of 1 913,043 kHz. Only for the read stabil
30.7) at 4x reference velocity with the disk contains a DI unit of DI formaty6é or DI forn
ual rotation speed of the disk shall be such, that it results in an averagé_channel bit rate
bit/s or an average wobble frequency of 3 826,086 kHz.

Jrite-pulse waveform

d spaces are written on the disk by pulsing a laser. Thelaser power is modulated according
write-pulse waveforms given in Annex F. A 2T to 9T*NRZI run-length is written by applyin
Ke train of write and erase pulses. See Annex N forthe write pulse adjustment guideline.

/erase power has four levels which are the gptical powers incident on the entrance surface
s follows:

rite peak power, Py;

as write power, Pgy;

poling power, Pg;

rase power, Pp.

p created by the write-peak power, Py, spaces are created by the erase power, Pg.
s of Py, Pgw, Pcand Pg shall be optimized according to Annex G.

1 powers Py Py, P, and Py, for testing shall be within +5 % of their optimum values, whg
nd Pg shallbe proportional to Py according to the ratios ¢ as specified in the disk informati
3.3 and\15.8.3.4).

he

ading, the actual rotation speed of the disk shall be such that it results in an average chanmnel

ty
at
of

2942 V

L oy

ALOIEC.
TICCTPpOUOWCETS

The optimized write powers Py, Pgwo, Pco, and Pgg shall meet the conditions as shown in Figure 124.
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Disk type TL
Velocity Power (mW) | Min. Max.
Py (mW) 8,0 28,0
Pgyo (mW) 0,10 16,8
- Pyo (mW) 060 | 168
P (mW) 0,10 16,8

2021(E)

In

29
T}
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T}
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ar|

Figure 124 — Write power requirements for triple-layer disk

addition to the conditions shown in Figure 124, the write powers shall be such that
Pwo > Pgo 2 Peo;
Pywo 2 Pgyo.

4.3 Average power

e average write power, Py, shall be equal or less than 14,0 mW.

4.4 Write conditions for i-MLSE measurement

e test for integrated-maximum likelihood sequence error estimation (i-MLSE) shall be carr
y group of five adjacent tracks, designated (m-2)(in-1), m, (m+1), (m+2) in the rewritable ar
Jid

e five tracks are recorded consecutively with random data with a write power Py, = Py, as
29.4.1. To measure the i-MLSE after n oterwrites [i-MLSE @ DOW(n)], all five tracks are ov
imes with random data with a write.power Py, = Pyq.

4.5 Write conditions for cross<erase measurements

e test for cross-erase shall'be carried out on any group of five adjacent tracks, designat
-1), m, (m+1), (m+2), in the rewritable areas of the disk.

initialize the measurément, the five tracks are recorded 10 times repeatedly with random

pasured. Thisynitial condition is defined as the DOW(0)y condition.

e overw#itten n times with Py, = 1,1 x Pyyq (all power levels shall be proportional to Py, see

ed out on
eas of the

specified
prwritten

ed (m-2),

data with

vrite power Py £By, as specified in 29.4.1. After that, the initial values of the needed paranpeters are

measure the cross-erase after n overwrites [cross-erase @ DOW(n)yg], the tracks (m-1) and (m+1),

29.4.1).

29.5Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector, and therefore,
linearly related to the optical power falling on the detector.

i-MLSE:

i-MLSE is a quality indicator of the signal in PR(1, 2, 2, 2, 1) ML reproduction system with 17PP
modulation code. It is defined by standard deviation, o, that correlate with the error probability of
specific patternsin PR(1, 2, 2, 2, 1) ML reproduction signals (see Annex H for the detailed specifications).

© ISO/IEC 2021 - All rights reserved

187


https://standardsiso.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

30 Signals from recorded areas

30.1 HF signals

The HF signal is obtained by adding 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 modllllated amplitude g, is the peak-to-peak value of the HF signal generated by the largestmark
and spacg lengths. The peak value Ig, is the peak value of the HF signal before ac coupling.

The modplated amplitude I3, is the peak-to-peak value of the HF signal generated byythe secopd
smallest fnark and space lengths. The 0 level is the signal level obtained from the measuring device
when no {lisk 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.

1 8H = It top
B T . e . - ]
o ‘% A“'¢ N A a A 4 A. A
Lps| 4 ’A’A’L’A’A’L‘A’A’A
Igpp ' ‘v‘v‘v.v‘v'.v.v‘v‘v‘v
S \‘v‘v v v, v v v v
‘!’ 'VJ*
[ B s 25 : ______
I 0 IEVEL

Figure 125 — Schematic representation of HF signal from marks and spaces

Because the I3 is a relatively small signal, its amplitude cannot be determined reliably from a randqm
HF signall Therefore, itisrecommended, for observation of I3, /Ig,,, to record an area with consecutive
3T markgand space§enly and to record an area with consecutlve §Ei" marks and spaces only. The signals
can now lpe measured accurately with appropriate measuring equipment.

The moduylation signal Ig,,/Igy shall be converted by the photodetector size of 25 um? (see L.6).

The modutatiomsigmatsshattbeas per Formutae {673 and {683

Igpp/Ign 2 0,40 (67)
I3pp/lgpp = 0,040 (68)

The variations of the modulation signals shall be as per Formulae (69) and (70):

(Isgmax ~ Istmin)/Isimax < 0,33 within one layer at DOW(0)(continuously recorded) (69)
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(Istimax ~ TsHmin)/Istmax < 0,15 within one revolution at DOW(0)(continuously recorded) (70)

The ratio between the actual modulation signals, Ig};,, on each layer shall be as per Formula (71):
~0,25 < (Igya 1 ~ Isnak)/ Usna i * Isna i) < + 0,25 at DOW(0) (continuously recorded) (71

where

gy, p;and Igy. 1, are measured at the same position, both in radial and in tangential direction;

j=1,2k=0,1j>k
The ratio between the reflectivity on each layer shall be as per Formula (72):
-0,33 < (Rgy,1j = Rgu i)/ (Rg,1j + Rgni) < + 0,33 at DOW(0) (continuously regorded) (72)

where

Rgy,1jand Rgy 1, are measured at the same position, both in radigtand in tangential dirgction;
Igy, = Rgy % read power;

j=1,2k=0,1j>k

30.3 Reflectivity-modulation product

The reflectivity of the disk multiplied by the I3 modulation (= normalized Ig,, modulated amplitude)
shiall be (see Annex B for the detailed definition}as per Formula (73):

I
RxM = Rgy x(ﬂ} (73)
Ten Jeony

where
0,006 4 <R x M < 0,019 forlayer LO and layer L1;

0,009 1 <R x M < 0,027 for layer L2.

The reflectivity ofthe disk multiplied by the I3 modulation (= normalized I3,, modulated amplitude)
shll be as per Eormula (74):

1
Tat Joony

wheté

R x I3 20,000 48 for layer LO and layer L1;

R x 320,000 68 for layer L2.

30.4 Asymmetry

The HF signal asymmetry shall be measured by averaged levels using a combination of decoded signal
and HF signal without any equalization (see 1.7 for detailed specifications).
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The HF signal asymmetry shall be as per Formula (75):
-0,10 <A< +0,15 (75)
where A, is the HF signal asymmetry.

30.5 i-MLSE@DOW ()

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 on the centre track m of the five recorded tracks at 2 times refererjce
velocity.

After n oyerwrites (0 < n < 10) track m, the i-MLSE in track m shall fulfil the following requifements:
— Onlaer LO: <11,0 % when measured using the circuit specified in Annex H;
— Onlayer L1: <11,5 % when measured using the circuit specified in Annex H;

— Onlayer L2: <12,0 % when measured using the circuit specified in Annex(Hy

30.6 Crgss-erase @ DOW(n)yg

The tracKs on which the cross-erase is to be measured shall be recerded as specified in 29.4.5. Aftey n
overwritgs (0 < n < 100) tracks (m-1) and (m+1), the modulation and i-MLSE in track m shall fulfil the

requirement of Formula (76):

I I at DOW(n
(Isph / 1sn) (n)xg 50,90 )
(I8p3 /Igy ) at DOW(0)xg

After n oyerwrites, the i-MLSE shall fulfil the following requirements:

— Onlayer LO: <11,5 % when measured using the circuit specified in Annex H;
— Onlayer L1: <12,0 % when measured using the circuit specified in Annex H;

— Onlayer L2: <12,5 % when medsured using the circuit specified in Annex H.

30.7 Read stability

Up to 109 successive readsfrom a single track with a dc read power and an HF-modulated read power
as followy:

— 1,44 mW for layer LO and layer L1 at 2x reference velocity reading;

— 1,00 mWXfor layer L2 at 2x reference velocity reading.

: 1 1.1 Ll L . Falllh 'S S ol ' el L 2 1. 4 £
Only lf thireuTsKTontants a DT unrt o DT fornrat 6 or DT fornrat 7 to SUpPpPOIt I'cdullly dU X TCTICTCI ce
velocity as follows:

— 2,00 mW for layer LO and layer L1 at 4x reference velocity reading;
— 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
bytes 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 126):

190 © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

Ad
(:
In

pd
to

D¢
in
ur

T}

modulation frequency (= 1/Typ.1aser) (400 £ 40) MHz;
ratio of peak power and average power 2,0£0,2.
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Figure 126 — Schematic representation of light pulses from laser diode

ditionally, the SER (see 34.2) shall be < 4,2 x 103 4n any LDC block [equivalent to <3
4,2 x 1073 x 75 392 bytes)].

wers and HF-modulated read powers of drives should not exceed the powers provided in D
31 at 2 times reference velocity.

| Local defects

fects on the recording layer or in the TS, such as “air bubbles” or “black dots” (such as dust e
the TS or pin holes in jthe reflective layer), shall not cause any unintended track ju
correctable errors (see@lso 33.4 and Clause 34).

e diameter of suchsdefects shall be as follows:

air bubbles: <100 pm;
blackdots with birefringence: <150 um;

black dots without birefringence: <150 pm.

|7 counts

order to prevent the recorded signals from_degrading, it is strongly recommended that dc read

bytes 30

hclosures
mping or

32 Characteristics of user data

Clauses 32 to 34 describe a series of measurements to test conformance of user data on the disk with
this document. They check the legibility of user-written data. The data is assumed to be arbitrary.

User-written 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 tests described in Clauses 32 to 34 shall be performed on the reference drive.

©
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Whereas Clauses 24 to 30 disregard local defects, Clauses 32 to 34 include them as unavoidable
deterioration of the read signals. The gravity of a defect is determined by the correctability of the
ensuing errors by the error detection and correction circuit in the read channel defined below. The
requirements in Clauses 32 to 34 define a minimum quality of the data, necessary for data interchange.

33.2 Environment

All signals shall be within their specified ranges with the disk in the range of allowed environmental
conditions as defined in 8.1.1.

33.3 Reference drive

33.3.1 General

All signalk shall be measured in the appropriate channels of a reference drive as specified in Clause 9.

33.3.2 Read power

The read [power is the optical power, incident on the entrance surface of the-disk. The read power shpll
be (1,44 # 0,10) mW for layer L0 and layer L1 and (1,00 * 0,10) mW for layetrl:2.

33.3.3 Read channels

The drivd shall have 2 read channels as defined in 9.5 and 9.6.

The HF slignal from the HF read channel shall not be equalized and filtered before processing. Hor
measurernent of the disk quality, the characteristics of the HF signal pre-processing shall be the same
as specifipd in Annex H for the i-MLSE measurement.

33.3.4 ror correction

Correction of errors in the data bytes shall.béscarried out by an error detection and correction syst¢m
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 ahd
the recording layer shall bedmaximum 55 nm and the radial tracking error between the focus of the
optical bgam and the centeof the track shall be maximum 16 nm.

33.3.6 Sranning velocities

The actupl rotation speed of the disk shall be such that it results in an average channel-bit rate|of
132,000 Mbit/sor an average wobble frequency of 1 913,043 kHz.

33.4 Error signals

33.4.1 Byte error

A byte error occurs when one or more bits in a byte have a wrong value, as detected by the related error
detection and/or correction circuits.

33.4.2 Burst error

A burst error is defined to be a sequence of bytes where there are not more than two correct bytes
between any two erroneous bytes. For determining burst errors, the bytes shall be ordered in the same
sequence as they were recorded on the disk (see 13.1 and 13.8).
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The length of a burst error is defined as the total number of bytes counting from the first erroneous byte
that is separated by at least three correct bytes from the last preceding erroneous byte, until the last
erroneous byte thatis separated by atleastthree correctbytes from the first succeeding erroneous byte.

The number of erroneous bytes in a burst is defined as the actual number of bytes in that burst that are
not correct (see example in Figure 127).

X C C C X X C C X C X X X C C c |...|] C X

<—— Burstlength =9 bytes———

A
3
[

T}
er

wi

A
3
[

TH
by
SH

Number of erroneous bytes in burst = 6

c = correct byte; x = erroneous byte

Figure 127 — Example of burst error

4.3 Symbol error rate (SER)

e symbol error rate (SER) averaged over N LDC blocks is-defined as the total numi
Foneous bytes in the selected LDC blocks divided by the totalnumber of bytes in those LDC
r Formula (77):

N
ZizlEa'i
Nx75 392

lere

E is the number of all erroneousbytes in LDC block i;

a,i

N is the number of LDC bleck:

4.4 Random symbol errorrate (RSER)

e random symbol error.rate (RSER) is defined as the SER where all erroneous bytes cor

R calculation as perFormula (78):

N
. (Ea,i _Eb,i)
21—1
N
Nx75 392—21,:1Eb',-

ere

per of all
blocks as

(77)

tained in

rst errors of length 40 bytes are counted neither in the numerator nor in the denominafor of the

(78)

E . isthe number of all erroneous bytes in LDC block i;

a,i

E,, isthe number of all erroneous bytes in burst errors = 40 bytes in LDC block i;

N is the number of LDC block.
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34 Minimum quality of recorded information

34.1 General

When checking the quality of the disk, the area selected for determining SER and burst errors shall be

overwritt

en 10 times with arbitrary user data.

34.2 Random symbol error rate (RSER)

RSER afte

N

w10 fina Al AL Lhallba <2 0 10-4 cuaraca | =10.000 a whiua L NDC
I LU U111 IT'UC )y J AU UUU LUIIoOCLUULIVO LG UIvUC

34.3 Makimum burst errors

In each RUB, the number of burst errors with length 240 bytes shall be less than 8 and théysum of t

lengths o

34.4 User-written data

User-writ

be corrected by the error correction system defined in Clause 13.

35 Burst-cutting area (BCA)
The zonelpbetween ry and r5 is reserved for use as a BCA (see 15:2'and Figure 54).

The BCA §hall be used to add information to the disk aftercompletion of the manufacturing process.

TIITCS OVCT VWV I ICCCT STIar ] T aviTagC T oOveT alry

these burst errors shall be <600 bytes.

ten data in a RUB as read in the HF read channel shall not contain anybyte errors that cann

ot

The BCA fode can be written by a high-power laser system or by the initialize in the case of rewritalple

disks.

All information in the BCA code, shall be written“in CAV mode, where every revolution has exactly t
same confent, which content shall be radial:aligned (see Figure 128).

The BCA fode shall be located between radius 21,3_%’2 mm and radius 22,0+8'§ mm on layer LO (t

BCA code

The BCA
be visible

The BCA
direction

The infon
radius 22

is allowed to overlap the protection zone 1 partially).

rode shall be writter on the layer L0, but some effect of writing the BCA code on layer L0 ¢
on the other layers:

code shall be\written as a series of low-reflectance stripes arranged in circumferent
Each of the,stripes shall extend fully across the BCA in the radial direction.

mation-in"the BCA code can be read by a drive at any radius between radius 21,3 mm a
0 miny on layer LO.

DCA

he

hd

w2l PRCA | i PRPDAD o £ DPDCA |

The deci

PR Loll o o wdad 1
U CU T CLOT O DCIT COUTTS DOTIT - UCPUITOCTIC DG COUTSTIalT MU T U T CCOTOCUTIT CIIC D CTY HHESS

otherwise specified by the BDAP. The format and content of the BCA code is defined by agreement
between the interchange parties.
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Burst-cutting area

\
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/4 IITIA

BCA-code

Figure 128 — Schematic representation of BCA
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Annex A
(normative)

Thickness of transmission stacks (TSs) in case of multiple layers

A1 Gelmeral

In case the total TS consists of k layers, the following procedure shall be applied in determinihg the
thicknesd of the individual layers as follows:

— the vhplues d; .. dj represent the thicknesses of layers 1 ..k;

— the vhalues n; .. n; represent the refractive indices of layers 1 ..k;

— let D(n) be the nominal thickness at refractive index n according to Figure-15;
— for a[lL disk, the curves show the thickness of equivalent spherical aberration.

D(n) can lpe expressed as Formula (A.1), using Formula (23):
D(n) 5 D(1,6) x g(n) (Af1)

Then the thickness d, of layer k should be as per Formula (Ai2):

k-1 d.

dk=n(nk)x[1—2D(;_)] Al2)

i=1

A.2 Refractive index n; of all layers:in cover and spacer layers
The refraftive index n; of each layer in'the cover and spacer shall be as per Formula (A.3):
1,454n,<1,70 (Af3)

A.3 Thijickness variation of transmission stack (TS)

The relatjve thicknessof the TS j is defined as per Formula (A.4):

K o
frj ::;D(’lli) (A

The relative thickness, Ry, of the TSs, measured over the whole disk, shall fulfil the following
requirements:

a) Relative thickness, Ry, of the transmission stack TS0: 94,0 < 100,0 x Ry < 106,0.
b) Relative thickness, Ry, of the transmission stack TS1: 69,0 < 75,0 x Ry < 81,0.
c) Relative thickness, RT,Z' of the transmission stack TS2: 52,0 < 57,0 x RT,2 <62,0.

NOTE The thickness of recording layer is very thin and negligible in the calculation of the thickness.
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4 Thickness variations of spacer layers

The effective thickness of the spacer layer, j, is defined as per Formula (A.5):

2021(E)

k
Esj=Ydixf(n) (A.5)
i=1

where

E isthe offoective thickness afthe spacer ]aynr 1:

Eg, isthe effective thickness of the spacer layer 2;

Egc is the 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 (which can be measured by the method describedin Annex K) under 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 Annex, defocus is definefl as focus
pdsition movement of the light going through the transparent medium with each thickness|and each
refractive index.
The effective thicknesses shall meet the requirement as perFormulae (A.6) and (A.7):

Esc—(Esy +Es3) 21,0 um (A.6)

Eg1-Es,21,0 um (A7)
Al5 Example of thickness calculation
Adsume a cover sheet with refractive index n; = 1,52 and a nominal thickness of 55,0 um iq attached
to[the substrate which has layér L2 by a gluing sheet with a refractive index n, = 1,58. In thi{ case, the
ndminal thickness of cover layer at index n; = 1,52 and 1,58, in um, are calculated as per Formpilae (A.8
arld (A.9):

D(1,52) = D(1,6).%9(1,52) = 56,35 (A.8)

D(1,58) = Bf1;6) x g(1,58) = 56,81 (A9)
where

P1,6) =570uyum;

g(1,52) =0,9886;

g(1,58) =0,996 6 (see 12.3).
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Then the nominal thickness of the gluing sheet, in um, is calculated as per Formula (A.10):

d, =56,81x 1-—>>_)-1,36 (A.10)
56,35

and the effective thickness of cover layer (Eg : cover sheet + gluing sheet), in um, is calculated as per

Formula (A.11):
ES,C =55x1,075 7+1,36x1,017 7=60,55 (A.11)

where

f(1,52) =1,0757;
f(1,58) =1,017 7(see Clause 12).

The result shows that effective thickness Eg . becomes larger as the refractive ipdex n gets smaller.
Then, it ip better to select the refractive index of cover layer (n.) to be smallex than those of spader
layers (nd;, ng,, ng3) from the the viewpoint of the requirement of Eg ¢ - (Egy\* Es») =2 1,0 pm. Algo,
ng, > ngy ¥ n.is a preferable condition from the viewpoint of the requirementofEg ; - Eg, = 1,0 pm.
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Annex B
(normative)

Measurement of reflectivity

2021(E)

B

TH
fo

TH
kn

When measuring the reflectivity in the focused way, only the lightpeturned by the reflective 19
digk (R,,) falls onto the photodetector. The reflected light coming from the front surface of thg

1 General

e reflectivity of a disk can be measured in several ways. The two most common method
lowing:

parallel method;
focused method.

e reflectivity of the disk is measured by the focused method with the help of a reference
own reflectivity, while the reflectivity disk is calibrated by the patallel method.

s are the

disk with

yer of the
disk and

the light coming from the parasitic reflectance inside the<disk mainly falls outside the phot¢detector.

Be

me >

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, e.g. with a 0,1 mm glass cover |
bolden reflective mirror. This referencé disk shall be measured by a parallel beam as
bure B.1.

plation is

hyer with
shown in
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R, to Rint
detector | R
RS
1B
. 1L —>
in¢ident Il
beam

reflpctivity of the recording layer (including the double pass TS transmission)

reflpctivity of the entrance surface

reflpctivity as measured by the focused beam (is by definition = R, /I)

incident beam

reflectance caused by the reflectivity of the entrance surface

main reflectance caused by the reflectivity of the recording layer

reflpctance caused by the internal reflectance’s between fhe-entrance surface and the recording layer

megsured value (R, + R, + R;,¢)

Figure B.1 — Reflectivity calibration

The reflegtivity of the entrance surface is(defined by Formula (B.1):

n-1 2
r=| 4+—
n+1

where n if the index of refraction of the cover layer.

The main|reflectance R§, 3R/, - R, -R;, leads to Formula (B.2):

(1—r)2x[1j#—r}

B

ref T

(B

(B

& 1—r><(2—Rl\
L Iy ] |

1y

2)

The reference disk shall be measured on a reference drive. The total detector current (the sum of all
4 quadrants = [, ,;,) obtained from the reference disk and measured by the focused beam is equated to
R, as determined above.

Then the arrangement is calibrated, and the focused reflectivity is a linear function of the reflectivity
of the recording layer and the double pass TS transmission, independently from the reflectivity of the
entrance surface.
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B.3 Measuring method

B.3.1 Reflectivity in unrecorded, virgin rewritable areas
A method of measuring the reflectivity using the reference drive.

a) Measure the total detector current, (I; + I;),.p from the reference disk with calibrated reflectivity,
R

ref*

b) Measure the total detector current, (I; + 1), from a groove track in an area of the disk under
mvestigatiom where the groove trackamd-the two adjacent tracks omreachrside of thegrgove track
never have been recorded nor erased.

c)| Calculate the unrecorded virgin disk reflectivity, R

per Formula (B.3):

_ (11 ‘”2)(;

- T TN f
&y (11 +12 )ref e

- in the groove tracks of the rewritallle area as

(B-3)

B.3.2 Reflectivity in unrecorded, erased rewritable areas
A method of measuring the reflectivity using the reference drive,

a)| Measure the total detector current, (I; + I;),.;, from thefeference disk with calibrated reflectivity,
R

ref*

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 adjacent tracks on each side of the grdove track
to be measured have been erased. Erasure of these tracks shall be done by irradiating the tracks
using only the, Py, power as determined¢from the OPC algorithm (see Annex G for th¢ detailed
procedure).

c)| Calculate the unrecorded erased disk reflectivity, R

as per Formula (B.4):

I +1
g-e = ( ! Z)G XRyef
(11 +12 )ref

g-er in the groove tracks of the rewritable area

(B.4)

B.3.3 Reflectivity in recorded rewritable areas
A method of measuring the reflectivity using the reference drive.

a)| Measuretthe total detector current, (I; + I;),.p from the reference disk with calibrated reflectivity,
R

ref*

b)| Medsure Igy from a recorded groove track in an area of the disk under investigation where at least
the two adjacent tracks on each side of the groove track also have been recorded. Recordjing of the
tracks shall be done using the optimum powers as determined from the OPCalgorithm (see Annex G
for the detailed procedure).

c) Calculate the recorded disk reflectivity, Rgy, in the groove tracks of the rewritable area as per

Formula (B.5):

Igy
Rgy = =Ry (B.5)
(Il +12 )ref

When measuring the reflectivity on a recording layer, make sure that the corresponding portions of all
other layers are unrecorded.
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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
applying the measuring method described in B.3 shall be referred to as the observed reflectivity
and the reflectivity compensated using the procedure below shall be referred to as the compensated
reflectivity.

Layer LO

Layer L1
Layer L2

Stray lights Reflection from the layer being

readout

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 reflectionfrém reproduction layer and all stray lights from all other
layer

12]

c) Effects 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 to the ratio of area of the stray light spot and photodetectpr.
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Reflection from

Layer L, Dlﬁs k Layer L, reproduction layer

-

2 x r 2xrx M

SPDnorm
Stray ligh

2021(E)

Kdy
i layer index of reproduction layer
layer index of other layers
refractive index of the TS

R angle of incidence beam at interior of the disk, sinf, = NA/n

ij physical distance between layer Li and layer Lj

WQ..CDB‘\"

spot radius on the other layer: r = d;; tan6,
size of detector projected on the reproduction layer (see 9.4)

[95)
]

norm
M transversal optical magnification of the optical system

Figure B.3 — Ray trace of stray light

In|geometrical optics view, the radius of the stray light spot projected on the reproduction
2 x ras shown in Figure B.3.

The areal ratio of the stray light spot fromtayer Li and the detector, both projected on the rep
layer, is then derived as per Formula. (B:6):

A. = SPDnorm _ SPDnorm
i

) n(2r)’ 7:(2617,-]-tan9a)2

ayer Li is

roduction

(B.6)

The observed light is the sum of reflection from the reproduction layer and all stray lights fronp all other

layers. Thus, the observed reflectivity of the reproduction layer Li is then expressed with Formn

N
S;=R; + szA,-j (N=2)

ula (B.7):

(B.7)
J=0
L]
where
S;  istheobservedreflectivity (R, 5., R ) 5. Ry giy) OF layer Li (including influence of stray light);
R;  isthe compensated reflectivity (Ry.,, 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):

Ry, =A"eS,, (B.8)

For R, ., the compensated reflectivity in the unrecorded erased layer (R,..; can be expressed as

g-e,i
Formula (B.9):

N
Rgei=Sg-ei ZRg-v,inj (N=2) (B.9)
j—n

U]
where S, 1 ; is the observed reflectivity of the unrecorded erased layer Li.

For Rgyy, the compensated reflectivity in the recorded layer (Rgy ;) can be expressed as Forimula (B.10):

N
Rgy i[=Sgn,i = ZRg-V,inj(NZZ) (B.10)
j=0
[j#i]
where Sgy, ; is the observed reflectivity of the recorded layer Li.
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2 Taber abrasion test
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Annex C
(normative)

Measurement of scratch resistance of cover layer

otective coating.

2.1 General

e following so-called “taber abrasion” test verifies whether the\seratch resistance of the

o wheels covered with abrasive material are applied to(the disk under test with a spec
pe Figure C.1).

Rotation EIIXiS of disk

Rotation axis
£ of wheels

~.

Rota
dired

e entrance surface of the disk has sufficient scratch resistance, which may be~lmprgved by a

entrance

ified load

ion
tion

.
.

i Projection of ~ -~ .
rotation axis of wheels

Figure C.1 — Typical abrasive test setup
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C.2.2 Test conditions

The test setup shall be according to ISO 9352 with the following details:

—  type of wheels: CS10F;

— load applied to each wheel: 2,5N;

— number of revolutions: 5.

Th b caerntactchall bao ol d bl ot o oo
€ abrasten—testSsaarroe apprt T otroTrCTTntmttessa

C23 T
The i-MLS§

C24 T
Treatmer

Before pe
refacing §

— newy

— whes

pst results

reatment of the abrasive wheels

tone as follows:

wheels shall be refaced for 100 cycles;

bE as specified in Annex H, when measured on layer L0, shall be <14 %.

t of the abrasive wheels should be based on ASTM D1044/1].

Is that have been used before shall be refaced for 25 cycles.

acardinagc o o d o
CCoTtmgSarcTratcs

rforming a Taber Abrasion test, both abrasive wheels should be refaced each time by an ST{11

206
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Annex D
(normative)

Measurement of repulsion of grime of cover layer

D/1 General

This 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.
49N 49N

10s 10s

\L Silicone rubber \I,

stamp

e

- == >
Ink pad Disk under test Disk under test
adhesion of ink to stamp stamping with AFP

Figure D.1 — Applying AFP to disk

After applying the AFP, the RSER (see 384) in each physical cluster in the AFP-printed afea, when
measured on layer L0, shall be <4.2 x 103 when recording and reading through the AFP. In each physical

clyister, the number of burst errors,with length 240 bytes shall be less than 8 and the sum of the lengths
of|these burst errors shall be <800*bytes.

DJj2 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;

—{ shore hardness is A60.
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\_/V

Figure D.2 — Stamp shape and preparation

To provijz 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 thé\previous process is repeated.

Rotating aind abrading shall be repeated at least 30 timfes.

D.3 Preparation of ink

The ink t¢ print the AFP shall be composed of the following components:
— M: Mgthoxy Propanol (1-MethoXy*2-Propanol);

— T: Triplein (purity of at least 60 %);

— D: Standard Dust (according to specifications defined in JIS Z 8901, selected grade: class 11 KANTO
loam).?)

The components M, T~and D shall be mixed in the mass ratio 240:20:8. The mixture shall be stirrged
rapidly uging a plastic stick for at least 15 s by hand. Every time the solution is mixed, the stirring stick
shall be cleanedby 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
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).

2) For further information, contact the Association of Powder Process Industry and Engineering, Japan (http://
www.appie.or.jp/english/).
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Solution Spreading
put on the solution
substrate by spinnig

— ' ’
Radius
12 mm

U
<:©:>
-

Figure D.3 — Spin coating ink pad

Affter applying the ink on the disk, the rotational speed shall be 100 revolutions/min for|1 s, then
the speed shall be increased linearly to 5 000 revolutions/min for 5 s, which shall be held for 1 s

(s¢e Figure D.4). The spin-down time is not critical.
5000 r/min

Pouring the
ink solution
\100 r/min
60 r/min

100 r/min \

Figure D.4 — Speed profile for spin coating ink pad

D|5 Using ink pad and stamp

Therecommended location for applying ink to the stamp is around radius 30 mm.

The stamp can be cleaned with lint-free tissues.

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 (LPF), the push-pull signal through a 30 kHz LPF.

Because pf the wobble beat and the modulation of the grooves, it is very difficult to~determine the
wobble signals accurately enough by normal oscilloscope measurement. Therefore, the wobble signals
shall be jneasured by means of a spectrum analyzer according to the following.procedures (whjle
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 with the following settings:

— cenftre frequency: 1913,043 kHz;

— sprall: Zero span;

— resplution bandwidth: 30 kHz;

—  vidpo bandwidth: 100 Hz;

—  swgep time: set it such'that several beats in the wobble signal can be observed.

Under th¢se 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 tten 0 dB MKkr2 367 ms -46,4 dBV

Log
2dB

>
-

T}
SP
th
St

Ne¢

St
C3

St

A
VMW N W NN
W

v & v v
Mkr2
Centre 1 913,043 kHz Span 0 Hz
Res BW 30 kHz VBW 100 Hz

Figure E.1 — Example of spectrum analyzer showing wobble signal

e signal level at marker Mkr2 represents the\minimum wobble signal, Wg ., in dBV. Be
ectrum analyzer measures RMS values, a nfltiplication 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-normalized push-pull signal

xt the open-loop push-pull signal(l; - I3),,, is measured (see 25.4):
Suppose for this examplethe value is 30 mVpp.

ep 3) Calculate the Iy

lculate the normalized wobble signal as per Formula (E.1):

WS,min _ 13, 5

INws,min S (

T}

=0,45
Ii—1y),, 30

ep 4)\Petermine the wobble beat

e signal level at marker Mkr1 represents the maximum wobble signal, W ... in dBV.

/Pp)-

.......

The wobble beat is as per Formula (E.2):

WS,maX - WS,min =6,8 or INWS,maX =2,2x INWS,min

Step 5) Measurement of the CNR of the wobble signal

cause the
translate

(E.1)

(E.2)

Under the tracking requirements of 25.3.4, the push-pull signal shall be measured by a spectrum
analyzer with the following settings:

centre frequency: 1 MHz;
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—  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 conditions, the spectrum analyzer shows the RMS value of the noise signal in the band
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/
Mkr1
— T —— .@.\__’__v
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 markerMkr1 represents the level of the noise signal in dBV.
The woblle CNR, in dB/ean now easily be calculated to be as per Formula (E.3) according to the example
values:
Ws mih — V= 46,4 + 75,4 = 29 (E{3)

where Vs the noise Ievel value In dBV.

Step 6) Measurement of the Lgyp/Ley;.
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:

—  centre frequency: 1 913,043 kHz;
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