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Foreword

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 maintenance are
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Introduction

In March 2002, nine companies known as the Blu-ray Disc Founders, or BDF, came together to create
optical-disk formats with large capacity and high-speed transfer rates that would be needed for
recording and reproducing high-definition video content. This joint effort turned out to be fruitful and
the first version of its Blu-ray Disc™ Rewritable Format Part 1 version 1.0 in June 2002.

Then, in October 2004, more than 100 companies joined and BDF became an open forum called the Blu-
ray Disc Association (BDA). The BDA issued version 2.1 of the Blu-ray Disc™ Rewritable Format Part 1
in October 2005 and version 3.0 in June 2010. By the end of 2010, over a hundred million Blu-ray Disc™
had been shipped and Blu-ray™ devices such as players, recorders, game consoles and PC drives were in

use all over tH

The BDA also
10 testing cen

The BDA gavq
course, that i
their contrac
of ISO/IEC JT
requested thd
inclusion of v
methods for ]
2011, the Pre
standardizati

In December

ISO/IEC]TC 1
and dual laye
and dual laye
and quadrupl
per disk) BD 1

e world.

conducts verification activities for both disks and devices and has established mox
ters in Asia, Europe and the USA.

consumer applications the highest priority in the first few years. But\it was kng
International standardization would be required before many govérnment entiti
ors would be allowed to use Blu-ray Disc™. In January and Eebpuary 2011, the
C 1/SC 23 and JIIMA (Japan Image and information Managemeérit Association) fo

BDA to consider international standardization. The reason) for this was to enal
ritable BDs along with DVDs and CDs in an InternationalStandard specifying t

sident of the BDA responded that his organization/had decided to pursue intern

011, the BDA sent project proposals for international standardization of four forn
SC 23 via the Japanese national body. They are 120 mm single layer (25,0 Gbytes p€
- (50,0 Gbytes per disk) BD recordable disks, 120 mm single layer (25,0 Gbytes pe|
" (50,0 Gbytes per disk) BD rewritable disks, 120 mm triple layer (100,0 Gbytes pe
e layer (128,0 Gbytes per disk) BD reécordable disks and 120 mm triple layer (100,0
ewritable disk.

This document specifies the mechanicalphysical and optical characteristics of a 120 mm rew|

optical disk w

A few additio
such as BDAV
specifications
are required

the BD applid

ith a capacity of 100,0 Gbytes.

hal specifications are required in order to write and read video-recording applic
[ format which hadbeen specified by the BDA for use on BD rewritable disks.
, which are related’to the BD application, the file system or the content-protection s
or the disk, the-generating system and the receiving system. For more informatior
ation, the{¢ontent-protection system and the additional requirements for the Bl

Format speciffications, see http://www.blu-raydisc.info.

The Internafional’ Organization for Standardization (ISO) and International Electroted
Commission (IEC) draw attention to the fact that it is claimed that compliance with this docume

e than

wn, of
ps and
chairs
rmally
ple the
ne test

he estimation of lifetime of optical storage media for long-term data storage. In October

htional

pn for the basic physical formats for the recordable and rewritable Blu-ray™ Formats.

hats to
r disk)
r disk)
r disk)
bytes

ritable

ations,
These
ystem,
about
1-ray™

hnical
ht may

involve the use of a patent.

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

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

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

NOTE Blu-ray™, Blu-ray Disc™ and the logos are trademarks of the Blu-ray Disc Association.
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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 d
optica
signal
by me
metho

This d
— th
th|
th

th
bd

th
th

disk with a capacity of 100,0 Gbytes. It specifies the quality of the recordedya
, the format of the data and the recording method, thereby allowing for inforfiatio
hins of such disks. User data can be written, read and overwritten many times usin
d. This disk is identified as a BD rewritable disk.

bcument specifies the following:

e one disk type;

e conditions for conformance;

e environments in which the disk is to be operated andstored;

e mechanical and physical characteristics of thedisk, so as to provide mechanic3
tween data processing systems;

e format of the information on the disk, including the physical disposition of the track

e error-correcting codes and the coding'method used;

th
d

This

e characteristics of the signals recorded on the disk, enabling data processing sy
ta from the disk.

cument provides for intefchange of disks between disk drives. Together with 3

volume and file structure, it pfoyides for full data interchange between data processing s

2 Normative references

The following documents are referred to in the text in such a way that some or all of]
constifutes requitements of this document. For dated references, only the edition cite
undated references, the latest edition of the referenced document (including any amendmnj

ISO 93b2,Plastics — Determination of resistance to wear by abrasive wheels

m rewritable
unrecorded
interchange
g a reversible

| interchange

sand sectors;

stems to read

standard for
ystems.

their content
d applies. For
ents) applies.

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

IEC 60

068-2-2, 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 60

950-1, Information technology equipment — Safety — Part 1: General requirements

3 Terms and definitions

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

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

ISO Onlin

31
BD

e browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

disk having a cover layer (3.4) around 0,1 mm thick and a substrate (3.43) around 1,1 mm thick on
which data is read or recorded by an optical pick-up unit (OPU) using 405 nm laser diode and numerical
0,85 lens

aperture, NA =

Note 1 to entryg

3.2

BD applicati¢on

BDAP

contents standard specified for a BD (3.1), for instance a video application, which.requires are

content-prote

3.3

channel bit
element by w|
(3.42) on a dis

34

cover layer
transparent |
closest to the

3.5
data zone n
area between

3.6
defective clu
clusterin a usé

3.7
digital-sum v
DSV
arithmetic su
ONE and the ¢

3.8

disk referen¢

plane definedlb

ction system and for its own defect-management system on the disk

hich the binary value ZERO or ONE is represented by pits((3:27)/marks (3.19) and
k

hyer with precisely controlled optical properties that covers the recording layer
entrance surface of a disk

the inner zone and the outer zone oY layer Ln (3.17)

Ster
br-data area (3.47) that hasbeen registered in a defect list as unreliable or uncorrecta

ralue

n obtained €rom a bit stream by assigning the decimal value +1 to channel bits (3.3
lecimal ydltre -1 to channel bits set to ZERO

b for a

spaces

(3.33)

ble one

set to

disk is clamped, that is normal to the axis of rotatlon

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
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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
can be carried by the spacer layer (3.41) or the cover layer (3.4) (see Figure 1) grooves are used to define the track
(3.44) locations.

In the 1D rewritable system, there are 3 types of grooves:

— wabbled groove (3.49) in rewritable area containing address information;

— HKEM groove (3.13) in embossed HFM area containing permanent information and control data;
— straight groove without any modulation in the BCA zone.

3.13
high-frequency modulated groove

HFM groove

groove (3.12) modulated in the radial direction with a rather high bandwidth signal

Note 1| to entry: HFM groove creates a data channel with Sufficient capacity and data rate| for replicated
informption.

3.14
information area
area oh a disk in which information can be recerded

3.15
information zone
recorded part of the information area'(3.14)

3.16
land
surfacg of a recording layér(3.33) between successive windings of a groove (3.12)

3.17
layer Ln
one re¢ording layer (3.33) of a disk identified by n

Note 1 fo entry: layer L(n+1) is closer to the entrance surface (3.10) of a disk than layer Ln.

3.18
layer type
identification of a disk using number of layer(s)

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

3.19

mark

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

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

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

© ISO/IEC 2020 - All rights reserved 3


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

ISO/IEC 30193:2020(E)

3.21

measurement velocity
linear velocity 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 or to

3.23
NRZI conver
method of corx

3.24
on-groove
geometry wh

3.25
padding
processinad
all 00h data w

3.26
phase chang
physical effec

be stored on a storage system

fion
verting modulation-bit stream into a physical signal

ere grooves (3.12) are nearer to the entrance surface (3.10) of a disk than the lands (|

Irive to fill up the missing sectors in a 64K cluster, which congists of 32 sectors (3.40
hen the host supplies less than the 32 sectors and needs to fill up the cluster

h
=

t by which an area of a recording layer (3.33) isirradiated by a laser beam and heate

to change from a crystalline state to an amorphous state and vice versa

3.27

pit

feature of a r
(3.16) surface

Note 1 to entry

3.28
polarization

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

: The pattern of pits and spaces,(3.42) represents the data on a disk.

direction of the electric field véctor of an optical beam

Note 1 to entr
propagation of]

3.29
pre-recorde

I: The planeofipolarization is the plane containing the electric field vector and the dire
the beam.

8]

), with

d so as

bcording layer (3.33), which can take’the form of a depression in or elevation on the land

tion of

area on a dijk’where _information has been recorded by the manufacturer/su

applying stan
3.30

area
lier of the d

dard recording techniques after finishing of the replication process

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

and other typ
3.31

reading veloc

es of damage

ity

linear velocity at which a disk is actually read

isk by

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

read-modify-write

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

3.33

recording layer

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

3.34
referdnce servo
servorhechanism of a reference drive with parameters defined for measuring disks

3.35
recording velocity
linear felocity at which a disk is recorded

Note 1 fo entry: The nx recording velocity means the recording velocity of n tiles the reference vdlocity (3.36).

3.36
reference velocity
linear pelocity that results in the nominal channel-bit rate of 66 000 Mbit/s

3.37
reseryed
<valug> value(s) not used in this document

3.38
reserved
<fieldx field(s) not specified in use, to be ignored in interchange and to be set to ZERO as yalue

3.39
rewrifable area
area oh a disk where information(an be recorded by means of marks (3.19) and spaces (3.42) using the
phaseqchange effect and during the manufacture and/or use of the disk

3.40
sect(;:Iu
minimum-size addressable data part of a track (3.44) in the information zone (3.15)

341
spacer layer
transparert layer with precisely-controlled optical properties separating two recording lgyers (3.33)

3.42
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

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

direction

3.46

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

Note 1 to entry: In other words, the transmission stack of a specific recording layer consists of all layers that are
passed through by the light beam, when accessing that recording layer.

3.47
user-data aljea
Il data zone(s) on a disk, consisting only of the clusters in which user data can®e'fegorded

collection of

3.48
virgin groov
blank groove

3.49
wobbled gro
groove (3.12)

Note 1 to entry
information ab

3.50
zone
annular area

4 Symbol

ac
ADIP
APC
AU
AUN
BCA
BIS
BPF
CAV
cbs
CNR
dc
DCZ
DDS

h

3.12) on a disk which has never been recorded nor erased

pve

out a disk.

bf a disk

5 and abbreviated terms

hlternating current
hddress in pre-groove
hutomatic power centrol
hddress unit
hddress-utithumber

burst-cuitting area

burst-indicating subcode

that has a periodic sinusoidal deviation from its average céntreline

1 By modulating the sinusoidal deviation, the wobble provides address information and general

band-pass filter

constant angular velocity
channel bits
carrier-to-noise ratio
direct current
drive-calibration zone

disk-definition structure
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DFL
DI
DL
DMA
DMS
DOW

defect list

disk information

dual layer
disk-management area
disk-management structure

direct overwrite

ISO/IEC 30193:2020(E)

DOW(i)
DOW(I
DSV
DWP
EB
ECC
EDC
EQ
FAA
FS
FWHM
HF
HFM
HMW
HPF
HTL
LAA
LDC

nth overwrite

initial recording

digital-sum value

disk write protect

emergency brake
error-correction code
error-detection code

equalizer

first ADIP address (of data zone)
frame sync

full width at half maximum
high frequency

high-frequency modulated
harmonic-modulated wave
high-pass filter

high-to-low

last ADIP address (of data zone)

long-distance code

LPF
LSB
Isb
LSN
MM
MSB

msb

low-pass filter
least-significant byte
least-significant bit
logical-sector number
MSK mark
most-significant byte

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

minimum-shift keying
monotone wobble

numerical aperture
normalized HFM-wobble signal
non-reallocatable defect

non-return-to-zero

[ION-TetUrN-t0-Zero inverting
hominal wobble length

hormalized wobble signal

bptical pick-up unit

physical ADIP address

physical-access control

possibly bad area

permanent information and control data
phase-lock loop

post-amble

push-pull

peak-to-peak

pre-amble

physical-sector number

Felative humidity,

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

Reéd-Solomon (code)

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

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

TP track pitch

TS transmission stack
Vet reference velocity
wbs WODDIES

WP write protect

5 Conformance

5.1 Optical disk

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

5.2 Generating system

A gendrating system shall be in conformance with this document if the optical disk it generates is in
accordance with 5.1.

5.3 Receiving system

A recelving system shall be in conformance with this document if it is able to handle the tlype of optical
disk a¢cording to 5.1.

5.4 Compatibility statement

A claim of conformance by agenerating or receiving system with this document shall includle a statement
listing|lany other standards supported. This statement shall specify the numbers of the Jtandards, the
optical disk types supported (where appropriate) and whether support includes reading only or both
readinig and writing,

6 Conventions and notations

6.1 [Levelsofgrouping

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

Frame: the lowest level of grouping. Generally, frames contain bytes of information.
Block: the second level of grouping. Generally, blocks consist of a number of frames.
Cluster: the highest level of grouping. clusters consist of several blocks.

Fragment:  alevel of grouping that can be applied by the application. A certain amount of data is
allocated to a (fixed) number of consecutive clusters.
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6.2 Representation of numbers

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

EXAMPLES
— The specification is: x=1 26+8 R
(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| ..cureq < 1,275 fulfils this specification.

— The specificationisx<0;3-

— amedsured value X, sureq < 0,35 fulfils this specification
(rounfing off is applied for 0,30 < X casured < 0,35 X1 ounded = 0,3)-

— The speciffication is: x < 0,3:

— amedsured value X, cureq = 0,299 fulfils this specification
(no rqunding off needs to be applied);

— ameasured value x 4= 0,3 exactly does not fulfil this specification-

measure

In case the specified value is given as “maximum x units” or “minimum’ x units”, the measured value
shall not be rqunded off before comparing to the specified value. Parameters given in this way shall not
be outside of the specified limits set by the exact value of x.

EXAMPLES
— The speciffication is maximum 0,3 mm:
— ameasured value of 0,300 mm fulfils this specification;

— ameasured value of 0,301 mm does not fulfikthis specification.

— The speciffication is minimum 3 dB:

— ameasured value of 3,00 dB fulfils.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
In large numHers, the “ ” (spacé) can be used as digit grouping symbol.

)" (cqmma).

Numbers in hexadecinial~hotation are represented by the hexadecimal digits 0 to 9 and A §o F in
parentheses gr followed by lowercase “h”. The character x in hexadecimal numbers represents arly digit
0Oto9orAto

Numbers in hina ith the

most-significant bit shown to the left. The character x in binary numbers represents a digit O or 1.
Negative values of numbers in binary notation are given as two’s complement.

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

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

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

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

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

In a field of 4n bits, bit b(4,,_1) shall be the most-significant bit (msb) and bit b, the least-significant bit (Isb).
Bit b4,y shall be recorded first.
A range of values is indicated as x ~ y, where x and y are included in the range.

A list 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 alt'paranjeters with an
index between m and n, including m and n (e.g. byte 16 .. 31, bit 7 .. 4, Add,, .. Add5kg).

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

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

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

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

7 General description of disk

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

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

The r¢cording layer censists of several layers. The three recording layers are sepafated by two
transparent spacer lagers whose thicknesses are about 25,0 pum and 18,0 um, respectively, in this order
from the substrate. Qn top of these recording layer, a transparent cover layer of about 57,0|um is applied
with afcurately defined optical characteristics (see Figure 1).

This dpcument provides for one type of such disk, type TL, whose capacity is 100,0 Gbytgs. To improve
the scijateh-resistance, the cover layer optionally can be protected with an additional harcli coating.

Data can be written onto the disk as amorphous marks in the crystalline recording layer(s) and can be
overwritten with a high-power focused optical beam using the phase-change effect between amorphous
and crystalline states of the recording material.

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

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

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

Top surface

direction of
rotation

<---
<— Recording Layer L0
<— Recording Layer L1

<= Recordingtayer L2

Transmission Stack 0 A

Transmission Stack 1 A

Transmissipn Stack 2 DR

Cover Layer

(Protective Coating) Entrance Surface

for optical beam

Figure 1 — Outline of triple layer BD rewritable disk

Figure 2 shows the recording velocity requirements.

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

m Mandatory.
— Notallowed in this document.
* Groove geometry is On-Groove for all Layer L0, hayer L1 and Layer L2 (see 15.2).

Figure 2 — Recording velocity requirements for disk type

8 General requirements

8.1 Environments

8.1.1 Test ¢nvironment

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, RH: 45 %to 55 %;
— atmospheric pressure: 86 kPa to 106 kPa.

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

A disklin conformance with this document shall provide data interchange overthe spg
of enyironmental parameters in the operating environment. The operating enviro

bcified ranges
hment is the

environment where the air immediately surrounding the disk shall have thé following properties:

There
those §

temperature, T: 5°C to 55 °C;

relative humidity, RH: 3 %to 90 %;

absolute humidity: 0,5 g/m3 to 30 g/m3;

htmospheric pressure: 60 kPa to 106 kPa,

shall be no condensation of moisture on the,disk. If a disk has been exposed to cond

itions outside

pecified above, it shall be acclimatized in an operating environment for at least 2 hoyrs before use.

© ISO/IEC 2020 - All rights reserved
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absolute air humidity, g/m3

0.1 05 1 10 30 100
100 1 I I \ \ i
1 1 1 { \ \
1 | \ \ 1 \
i |1 1 |
\ 1| \ \
1 \ \
80 ] | \ \
| 1] 1 \ \ |
1 1] 1 \ \ \
1 1 \ \
1 o \ \
\ | 1 ) \
60 1 |\ \ \
1 i \ \
\ Vo \ \
S \ U \ ¥
= \ Vo M ‘\
5
g 40 \\ \\ \\ \\ :
< \
o \ \ \ \ Q
2 Q b
g \ Vo \‘ \Q \
) 1 \ \ \
) \ Vo Q)‘\& M \
\ \
20 \\ \.‘ \\ \\g\ \\ N
\ \ \ N Q)Q N\ N S
\ oo A A\ N
\ » 9 > Q
N\ Q ~ < S o
N \ : . ~ o~ ~ L ~
0 = = - - === - ==
-40 -20 0 20 40 60 80 100
temperature, °C
Figure 3 — Operating environment
8.1.3 StoraFe environment

8.1.3.1 General

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

— temperature, T:

-10 °Cto 55 °C;
—  relative humidity, RH: 5 %to 90 %);
—  absolute humidity: 1 g/m3to 30 g/m3;
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— atmospheric pressure: 60 kPa to 106 kPa;
—  temperature variation max.: 15°C/h;
— relative humidity variation max.: 10 %/h.

8.1.3.2 Climatic storage tests

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

— dr

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

T=55°C,RH=50%,96h:

— da3
Ty

After

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

exposure to these environmental conditions, one should allow for somé Tecover

measujring [(24 or 48) h].

8.1.4

8.1.4.1

As tra
by ma
condit

8.1.4.7

8.1.4.7

The fo
agreer
taken

8.1.4.7

Insula
period

8.1.4.2
a) Ay

Transportation

General

hsportation occurs under a wide range of temperatures and humidities, for diff
hy methods of transport and in all parts of the world, it is not possible to speci
ons for transportation or for packaging.

Packaging

.1 General

rm of packaging should be agreed between sender and recipient. In the absen

nto account.

.2 Temperature and humidity

fion and wrapping-Should be designed to maintain the conditions for storage over
of transportation.

.3 Imppactloads and vibrations

oid mechanical loads that would distort the shape of the disk.

y time before

bring periods,
fy mandatory

re of such an

hent, the form of packaging is“the responsibility of the sender. The following hazards should be

the estimated

b) Avoid dropping the disk.

c) Di

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

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

8.2 Safety requirements

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

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

9 Reference drive

9.1 General

A 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

characteristid

9.2 Measu
During tests,
9.3 Optica

The basic set{
and read par
permitted, pr

The optical sy
layer on whic

The optical sy
is minimized

s specified in Clause 9.

rement conditions

'he disk shall be in a test environment as defined in 8.1.1, unless stated otherwise.

| system

up of the optical system of the reference drive used for méasuring specified (over
hmeters is shown in Figure 4. Different components and/locations of componer
bvided that the performance remains the same as thatef.the set-up in Figure 4.

stem shall be aligned such that the focused optical beam is perpendicular to the rec
 the beam is focused at the radius where the measurement is to be performed.

50 as not to affect the accuracy of the measdrements.

HF read channel

L=1+1

PP read channel

)write
Its are

prding

stem shall be such that the detected light réflected from the entrance surface of the disk

L=1+1,
I, I
K;\ ’ L|L| |1,

—t ' I Quadrant -
Tangential KJ | | | photodetector
track I L. |
diregtion :

[

I A

| —_— —

|

|

|

|_____:_______ -1 71 Disk
Laser Collimator Polarizing SA A/4  Objective
diode lens beam splitter corrector Plate lens

16

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

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

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 pm, where M is the
transvlersal optical magnification from the disk to its conjugate plane near the quadrant ghotodetector.
For a type TL disk, however, the effect cannot be neglected even if the length and width\of photodetector
are snjaller than M x 5 pm. Therefore, observed reflectivity shall be compensatedrusing the procedure
shown|in B.4.

9.4 OQptical beam

The fofused optical beam used for writing and reading data shall hayésthe following properties:

— avelength (A) of the laser beam: (405 £ 5) nm;
— olarization: circular;
— A: 0,85 +0,01;

— ight intensity at the rim of the pupil of the dbjective lens relative to the
aximum intensity:

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

after correction of tiltand spherical aberrations)

— maximum relativé-intensity noise of the laser diode:

]

whére
Pm
Py

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

C

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

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

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

9.5 HF read channel

The HF read channel is provided to supply a signal from which the user data can be retrieved. The
signal is generated by summing all the currents from all four elements of the photodetector (I, +I,,+I +1;).

These currents are modulated by the user-written information, due to the difference in reflecti

vity of

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

s shall
hall be

For measurerpent of i-MLSE, the characteristics of the signal processing, the Viterbi decoder and the

PLL, etc., are $pecified in Annex H.

9.6 Radial|PP read channel

The radial PP|read channel provides a tracking-error signal to contrel the servo for radial trac
the optical bepm. It also provides a wobble signal from which the information modulated on the g
can be retrievied.

king of
Fooves

The radial tragking error is generated as a signal [(I,+1})) - (Is+4)] related to the difference in the amount

of light in the two halves of the exit pupil of the objective lens.

The read amplifiers including the photodetectors *inn the radial PP read channel shall have
amplitude redponse within +1,0 dB relative to theifidc gain from dc to 16 MHz.

9.7 Disk clamping

While its parpmeters are being measured, the disk shall be clamped between two concentri
covering mosf of the clamping zone (see 10.6). The top clamping area shall have the same inn
outer diametgrs as the bottom clamping area (see Figure 5).

Clamping shall occur between ¢;, = (23,5 £ 0,5) mmand d,, . = (32,5 £ 0,5) mm.
The total clamping forcg-shall be F; = 2,0 N+ 0,5 N.

In order to preventwarping of the disk under the moment of force generated by the clamping for
the chucking fforce, which is exerted by the tapered cone on the rim of the centre hole of the d

a flat

F rings
er and

ce and
isk, F,

shall not excepd0;/5 N (see Figure 5).

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

Figure 5 — Clamping conditions for measurem
Q‘b
9.8 Rotation of disk and measurement velocity \\<</
The difection of rotation shall be counter-clockwise as viewed @n the objective lens.

All spdcifications are based on a tangential speed duringre d@g thatis equal to the 2 timeq the reference
velocitly, unless otherwise specified. This corresponds t@ onstant linear velocity of 7,375 m/s.

9.9 Normalized servo transfer function s\\§\

In order to specify the servo systems for ax1aL\'n radial tracking, a function Hy(iw) is us¢d. It specifies
the nominal values of the open-loop transfe&\f ction H of the reference servo(s) as Formula (1):

| i A\Q)

Q K
w2l ik
1+

ol

where

ipt
i2 ®

K = order of integrator.

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

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

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

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

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

max

1

- max
€max

_Zn

fy (2)

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 gai

), which guarantees the cppr‘ifipd bandwidth

9.10 Measu

9.10.1 Gene

The applicab
measurement
of the record
disk supports|
a half of the rg
for all conditi

9.10.2 Refer

Regarding thg¢
limited as sho

rement velocities and reference servos for axial tracking

ral

e reference servo and conditions for measuring residual axial-errors depend
velocities under testing: measurement velocities for axial residual errors shall be
ng velocities, a reference servo for 1x measurement velocity \refers to 9.10.2. Only
reading at 4x reference velocity, measurement velocities foraxial residual errors s
ading velocities, a reference servo for 2x measurement yelocity refers to 9.10.3. Thg
bns has the same basics, however with a modified integbator.

ence servo for axial tracking for 1x measuremerit velocity

e open-loop transfer function H(f) of the réference servo for axial tracking, |1 + A
wn schematically by the shaded area in Eigure 6.

bn the
a half
y if the
hall be
b Servo

[(f)] is

20
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Figure 6 — Servo characterlstu&é}'axnal tracking for 1x measurement velg

\EHZ (see 9.9), used to define the limits of |1 + H(f]
mula (3), where a,, = /s2 is the maximum expected axial acceleration
pbances, and a,,,, is multi d by a factor m = 1,25 for servo margin. The tracki
by this m x amax, shall be'55 nm. Thus, the 0 dB crossover frequency shall be as fo

pssover frequency, f, of Hy

3><m><06ma @ 3x1,25x6,0 _

21 55%1079

tegrator e flrst order (K = 1) with a crossover frequency of f;,, = 100 Hz [seq

3

93:2020(E)
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|, is specified
due to local
g error, e
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max’
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In the frequency range 100 Hz to 10 kHz:

0,9%|1+Hy (f)|<[1+H(f)|S1,1x[1+Hy (f) “)

In the frequency range 36 Hz to 100 Hz:
f 4,78

0,9%|1+Hy (f)|<SL+H (f)S1,Ax1+Hy (fie )|><[ l;t ] (5)
In the frequency range up to 36 Hz (in dB):

77,0 <|1+ATFIITI7,0 N (6)
The frequency, f,, in kHz, has the value determined by Formula (7): 0_) O

&)
I A | 6,0 Q’\
= — - = —_— _— , 7
= 2m\b 21 \'55%1079 ifo) )

max

9.10.3 reference servo for axial tracking for 2x measurement veloci

For the open-]
schematicallyj

oop transfer function H(f) of the reference servo for ax
shown by the shaded area of the Figure 7.

O

gain (dB)

N

Q}@acking, |1+ H(f)| is limfited as

1 10 66,5 200 1x10° 10x10® 100 x 10
frequency (Hz)
Figure 7 — Servo characteristic for axial tracking for 2x measurement velocity
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The 0 dB crossover frequency, f, shall be 3,2 kHz, the same as the 1x measurement condition. For the

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

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

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

2
(2mxf, ) (2mx3,2x103)
ol = ——Xxe = 3 x110x10~7=14,8 9

npax 3 max

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

Frequé¢ncy range 200 Hz to 10 kHz:

0,9X|1+Hy (f)|<[1+H (f)|<1,1x[1+Hy (f)| (10)

~

Frequéncy range 66,5 Hz to 200 Hz:

5,36
0.0x|1+Hy (f)|<|1+H(f) S LIx|l+Hy () x[f;t ) (a1
Frequ¢ncy range up to 66,5 Hz (in dB):
[14+H(f)|277,0 (12)

9.11 Measurement velocities andyreference servos for radial tracking

9.11.1] General

The applicable reference Servo and conditions for measuring residual radial errors depend on the
meaSLﬂi‘ement velocitiestymeasurement velocities for radial residual errors shall be |a half of the
recording velocities, @ reference servo for 1x measurement velocity refers to 9.11.2. Only if the disk
suppofrts reading at'4x reference velocity, measurement velocities for radial residual ernfors shall be a
half of{the readifig-velocities, a reference servo for 2x measurement velocity refers to 9.1].3. The servo
for all ponditions has the same basics, however with a modified integrator.

9.11.2] ‘Reference servo for radial tracking for 1x measurement velocity

For the open-loop transfer function H(f) of the reference servo for axial tracking, |1 + H(f)| is limited as
shown schematically by the shaded area in Figure 8.
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gain (dB)
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80
79,0

56,6

Figu

The crossovel

by Formula (13), where a,,,, = 2,2 m/s? is the waorst-case maximum expected radial accelerati
to local distufbances, and a,,,,, is multiplied by;d®actor m = 1,25 for servo margin. The tracking
€max caused By thism x a ., shall be 16 nrril\ T%Js, the 0 dB crossover frequency shall be as follo
£ _1 _mexamax _ 1 [3x1,25 ~36
2n € max 2n N 16X
The integratofr shall be first or@ith crossover frequency f; . = 100 Hz [see Formulae (14) to (1
In the frequercy range 10 0 10 kHz:

0,9%|1+H|

In the frequer

4.0
5,9

40

20

e g g

©
x10* 100 x 103

<< frequency (Hz)

10 1x103

w
(@)

100

re 8 — Servo characteristic for radial tracking for 1x measurement velocity

frequency, f, of Hy(f), in kHz (see ﬂ)@ged to define the limits of |1 + H(f)|, is sp

q (f)|i@§31f>|s1,1x|1+HN ()

pcified
bn due
error,
WS:

(13)

6]].

(14)

0,9%|1+H

Qgéf:ge 36 Hz to 100 Hz:

fine

4,78
")

N (f)|£|1+H(f)|£1,1><|1+HN (fine )|><[

In the frequency range up to 36 Hz (in dB):

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

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

1 |@ 1 f 2,2
fx =2_ max _ - = - 1,8
T\ e 27 V16x10

24

(15)

(16)

(17)
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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)

10 O 665 200
Na

1x103 10 x103 100 x 1
S

33
frequency (Hz)
Figure 9 — Se

Cg&haracteristic for radial tracking for 2x measurement vel

O

pcity

The 0 dB crossov

equency f, shall be 3,6 kHz, the same as the 1x measurement condition. For the
maxinjum resi racking error of 20 nm (see 11.5.3), this corresponds to an acceleratipn, a,,,,, in m/
s2, as per For :
oY L2
\(</(2n>< f) (2m3,6x10%)"
amax = 3 e hax — 3 XZOXTUO— =0

(18)
The integrator shall be second order (K = 2) with the crossover frequency f; ,, = 200 Hz [see Formulae (19)
to (21)].
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Frequency range 200 Hz to 10 kHz:
0,9x|1+Hy (f)|<[1+H (f)|<1,1x|{1+Hy (f)| (19)

Frequency range 66,5 Hz to 200 Hz:

5,36
0,9%|1+Hy (f)|<SL+H (f)S1,Ax1+Hy (fie )|><[ fi;t ] (20)

Frequency range up to 66,5 Hz (in dB):

[1+H(f)|E79,0 (21)

10 Dimensiional characteristics

10.1 General

Dimensional fharacteristics are specified for those parameters deemed mandatory for inter¢hange
and compatilIe use of the disk. Where there is freedom of design, only the' functional charactgristics
of the elements described are indicated. The enclosed drawing, Figure 10, shows the dimensional
requirements|{in summarized form. The different parts of the disk are described from the centre hole to
the outside rim.

First transition Area Second transition Atea

. Rim

Clampin
Cin'ire / Zonlz‘ 8 / Information Area Area
ole Lo

| I

———— P PP
| |

I

I : 1
| g 5
T ) |
— Zﬁ |
— = !
—%, |
/ 10 :
A |
I 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).

The disk reference plane P is the plane determined by the surface of the clamping zone (see 10.6) at the
read-out side of the disk.

The disk reference plane Q is the plane determined by the surface of the clamping zone at the substrate
side of the disk.
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The reference axis A is the axis through the middle of the centre hole, perpendicular to the disk
reference plane P.

The disk reference plane R is a plane parallel to the disk reference plane P. The distance between disk
reference plane R and disk reference plane P shall be e, = (100 * 25) um towards the inside of the disk
(see Figure 11 and Figure 12).

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

Detail of smooth transition

De
Ce

Clamping Zone

ya

NS

Iy

|
|
i
i

Yy
]

Substrate

Turn table

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

dimensions

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

The diameter

of the centre hole shall be d, =15,00+8'38 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 rounding radius shall be maximum r, = 0,1 mm. The height of the chamfer shall
be maximum 0,1 mm above the bottom surface of the first transition area. The rounding or chamfer
shall be maximum h; = 0,25 mm from disk reference plane P (for the details see Figure 11).

The maximur
A between th
structure pro

The maximun
radius shall b

The minimun

Outside the d
h, = 0,4 mm.

Outside the d
h; =0,1 mm (3

10.4 First ty

In the inner a

Eruding from the top surface of the disk.

h thickness of the disk is defined as the distance in the direction of the referxen
e highest structure protruding from the entrance surface of the disk and(the H

1 thickness of the disk, including cover layer, protective coating and label printing,
e e, = 1,40 mm (see Figure 11).

thickness of the disk in the information area shall be e, = 0,90mm.

lamping zone, the top surface may be inside the disk reference plane Q by ma

lamping zone the top surface may be outside the<disk reference plane Q by maj
ee Figure 11).

ansition area

rea inside the clamping zone (d < dg), the'surfaces may be inside the disk reference

fe axis
ighest

at any

kimum

Kimum

planes

utside

P and Q by mpximum hg = 0,20 mm and maximumth, = 0,12 mm, respectively. These surfaces ay be
uneven or haye burrs up to maximum h; = 0,05\n1m and maximum hg = 0,05 mm, respectively,

the disk refergnce planes P and Q (see Figurec10 and Figure 11).

10.5 Protection ring

An optional r
surface of the
for damages ]

When appliec

ng-shaped protrusion in the inner area of the disk can prevent full contact betwe
disk and a surfaceyon which such a disk is laid down. By applying such a ring, the
p the read-out §ide of the disk can be minimized.

|, the protéction ring shall be located between diameter d; = 17,5 mm and di{

en the
thance

hmeter

ds = 21,0 mm. Betwéeh d; and diameter d, = 20,5 mm, the height of the protection ring shall be

maximum hg

= 0,125mm above the clamping surface.

Between d, a

Ind.d-, the height of the protection ring shall sink gradually to the surrounding §

urface

(see Figure 11).

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, :1,20J_r8'(1)g 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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10.7 Second transition area

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

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

In the area, the top surface of the disk may be outside the disk reference plane Q by maximum
h{1=0,2 mm.

The St .,lJ fl UlIIll thC tUlJ oul fClLC ;ll thc dal'cd tU thC tUP oul fa\,c ;ll thC illfUl lllat;Ull daltcda ;D l’l The dlstance
betwepn the start and the end diameter of the step is I;. If h;g > 0,2 mm, then the slop¢ down to the
top sufface of the information area shall be smooth and /; shall be greater than1,8 @m gs indicated in
Figure 11. If the top surface in the information area is stepped down from the top surfacelin the second
transifion area, then the step shall end within diameter dg = 40,0 mm.

10.8 Information area

10.8.1 General

The information area shall extend from diameter dg = 42 mm¢to diameter d;; = 117 mm (see Figure 11
and Figure 13).

On eadh recording layer, the data zone shall be located/between the inner diameter, dp7;,,[and the outer

diametfer, dp;. The data zones on all recording layers.shall have the same storage capacity.

The inner diameter, dp;;, on recording layer Lu‘hall be dDZIn :48,0_3‘2 mm and the ouiter diameter,
dpz0, dn recording layer Ln shall be dpyq, < 116,2 mm.

The arjea between dq and dpy; is called the inner zone and the area between dy; and dy}, is called the
outer zone (see Figure 13).

The tofal thickness of the disk ifithe information area is as specified in 10.3.

Information Area

Inner Zone Outer Zlone
! < > Information Zone < >
L__. < >
i
i -]
!_ - < << | ~—
'y . o~ Pl N >
! Leac‘l-m Data Zone Lead-ojt
i (Cead-out) [Outer)
i
! d
/ f— ’
, ! dpzi
7
ya
/7 i "
/// |

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

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

On recording layer LO:

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

— data zone

0;

— outer zone 0.

On recording[layer L1:

— outer zonlel;
— data zondl;
— inner zonje 1.

On recording[layer L2:

— inner zonk 2;

— data zond

Lead-out zong

Onlayer LO, t

Rec

Rec

Recd

e spiral groove shall run from the inner side eftthe disk towards the outer side of th
On layer L1, the spiral groove shall run from the outer, side of the disk towards the inner side of th
On layer L2, the spiral groove shall run from the iniier side of the disk towards the outer side of th
Substrate
rding Layer L0 Lead-in Zone /\ Data Zone 0 Outer Zone 0
Spacer Layer / \ — spiral direction
rding Layer L1 ~Inner Zone 1 / \ Data Zone 1 Outer Zone 1
Spacer Layer / \ <€ spiral direction
rding Layer L2 Inner Zone 2 / \ Data Zone 2 Lead-out Zone

2;

(outer zone 2).

CGover Layer

/ \ —> spiral direction

inner side I | outer side
of disk Optical beam of disk

Figure 14 — Subdivision of information zone

e disk.
e disk.
e 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.

Outer zone 1 shall start at diameter minimum 117 mm and shall end at the beginning of data zone 1 at
diameter dp;g;.
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Inner zone 1 shall start at the end of the data zone 1 d|;;; and shall end at the beginning of data zone 1
at diameter dpy;.

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

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

10.9 Rim area

The rim area is the area outside the information area, starting at d,, and extending to the outer
diameter 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 shalknot be outside the
entrarice surface in the information area.

In the[remainder of the rim area, the surface at the read-out side of the disk‘shall not e outside the
entrarfce surface in the information area by maximum h;3 = 0,05 mm.

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

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

11 Mlechanical characteristics

11.1 Mass
The mpss, m, of the disk shall be 12 g < m 17 g.

11.2 Moment of inertia

The mpment of inertia of the disk'shall be <0,032 g.m2.

11.3 Dynamic imbalafnee

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

11.4.1] .Géneral

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

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

The measuring

This means t
direction of r¢

The rms noise
with an integ

32 nm. The measuring filter shall be a Butterworth BPF from f ; ;5 = 1,6 kHz;with slope = +{

decade to f 5 4

11.4.3 Resid

The residual
the reference
the objective
disk rotating

Spikes in the
scratches, shd
errors shall b

The measurin

This means t
direction of t
reduction of
acceleration 4
the residual ¢
time of 10 m§
filter shall be
with slope = -

NOTE Res
supports readi

]htat for frequencies <3,2 kHZ the maximum local acceleration of the recording layer

at for frequencies <1,6 kHz, the maximum local acceleration of the recordinglayey in the

pference axis A does not exceed 6,0 m/s2.

hsured
kimum
b0 dB/

value of the residual error signal in the frequency band from 1,6 kHz t0"10 kHz, me
Fation time of 20 ms and using the reference servo for axial tracking;-shall be maj

g = 10 kHz with slope = -60 dB/decade.

ual axial tracking error for 2x measurement velocity

xial tracking error of each recording layer for frequéncies below 3,2 kHz, measured using
servo for axial tracking as specified in 9.10.3, shall be maximum 110 nm (displacerhent of
ens needed to move the focal point of the opticakbeam onto the recording layer) wijith the
ht 2x reference velocity, 7,375 m/s, and with the'read power refers to 9.4.

5t and
acking

residual axial tracking-error signal dué’to local defects, like for instance du
1l be excluded. For 2x measurement velocity, local defects that cause large axial tr
e taken into account as described ind;10.

g filter shall be a Butterworth LBF, with f_; ;5 = 3,2 kHz and slope = -60 dB/decade

in the

e reference axis A doe$ not exceed 10,8 m/s? (see 9.10.3). However, due to the additional
low-frequency components by the second order integrator function, the mafimum
t frequencies belowsabout 400 Hz can reach values up to 45 m/s2. The rms noise value of
rror signal in thefrequency band from 3,2 kHz to 20 kHz, measured with an integration
, using the réference servo for axial tracking, shall be maximum 32 nm. The measuring
a Butterworth BPF, from f 5 ;5 = 3,2 kHz with slope = +60 dB/decade, to f_; 45 = 20 kHz
60 dB/decade.

duahaxial tracking error for 2x measurement velocity defined in 11.4.3 is applied, only if the disk

hg.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.

32
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Due to the integrator function in the reference servo (see 9.11.2 and 9.11.3), this component is
suppressed sufficiently such that the residual tracking errors as defined in 11.5.2 and 11.5.3 are mainly
due to local disturbances.

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

11.5.2 Residual radial tracking error for 1x measurement velocity

The residual radial tracking error for frequencies below 1,8 kHz (= f,, see 9.11.2), measured using the
reference servo for radial tracking as specified in 9.11.2, shall be maximum 13 nm with the disk rotating

at 1x reference velocity, 3,688 m/s, and with the read power at (0,70 + 0,10) mW for an

7 layer of a TL

disk. I{
deteri

Spikes|
be exc

The m

is recommended to measure the residual radial tracking-error signal in a shortp
ration of the read stability at 1x reference velocity.

in the residual radial tracking-error signal due to local defects, such as dtist and s
uded.

pasuring filter shall be a Butterworth LPF with f 5 ;5 = 1,8 kHz and slepe = -60 dB/

This means that for frequencies <1,8 kHz, the maximum local acceleration of the trackj

direct

on does not exceed 2,2 m/s2.

The rnps noise value of the residual error signal in the frequenc¢y band from 1,8 kHz to 10 K

with a
9,2 nn
decads

11.5.3

The re
using {
disk rq

Spikes
scratc]

The m

This nj
not ex
by the
canre
from 3
radial

h integration time of 20 ms and using the referencesservo for radial tracking, shall

to f 3 4g = 10 kHz with slope = -60 dB/decade,

Residual radial tracking error for 2x measurement velocity

sidual radial tracking error in eachecording layer for frequencies below 3,6 k
he reference servo at for radial tra¢king as specified in 9.11.3, shall be maximum 2
tating at 2x reference velocity, 7,375 m/s, and with the read power as in 9.4.

nes, shall be excluded.
pasuring filter shall be a Butterworth LPF, with f_3 45 = 3,6 kHz and slope = -60 dB

eans that for frequencies <3,6 kHz, the maximum local acceleration in the radial d
reed 3,4 m/s4sée 9.11.3. However, due to the additional reduction of low-frequenc
second order integrator function the maximum acceleration at frequencies below
hch values up to 15 m/s2. The rms noise value of the residual error signal in the fr
,6 kHZ to 20 kHz, measured with an integration time of 10 ms, using the refere
trdacking, shall be maximum 9,2 nm. The measuring filter shall be a Butterwo

beriod to avoid

rratches, shall

Hecade.

in the radial

Hz, measured
be maximum

. The measuring filter shall be a Butterworth BPF from f_; ;5 = 1,8 kHz with sldpe = +60 dB/

Hz, measured
D nm with the

in the residual radial tracking-error signal due to local defects, like for instance dust and

decade.

lirection does
y components
about 400 Hz
pquency band
nce servo for
'th BPF, from

f348 =

3:6'kHz with slope = +60 dB/decade, to f 5 45 = 20 kHz with slope = -60 dB/decade

NOTE
suppor

Residual axial tracking error for 2x measurement velocity defined in 11.5.3 is applied,
ts reading at 4x reference velocity.

11.6 Durability of cover layer

11.6.1

Impact resistance of cover layer

only if the disk

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

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

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

11.6.3 Repulsion of fingerprints by cover layer

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

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

12 Optical

12.1 Generz
The following

These specifi
layer concern|
recording sta

12.2 Refrac

If the layers n
Annex A shall

The refractivs

1,45<ns<

12.3 Thickn

The average {
transmission

The thicknes
requirements

In Figure 15, f]
spherical abe

index 1,60 is ¢

gn)=-1,1

characteristics in information area

11
requirements shall be fulfilled within the information area of the disk:

fations of the transmission stacks (TS) include all possible layers.on top of the rec
ed (such as gluing layers in case of foils, the spacer layers and\dll the semi-trans
Ck of layer Ln in case of TS0, the cover layer and possibly a ptotective coating).

Live index of transmission stacks (TS)

naking up the total TS have different refractive_ indexes, then the procedure descr
be followed.

1,70

ess of transmission stacks.(TS)

hickness between radius'ty and radius ry is called the reference thickness of the 1}
stack (TS0, TS1 or TS2) on the disk (see 10.2 and Figure 12).

es of TSO, TS1 and-TS2, measured over the whole disk, shall fulfil the followin

pr reference to requirements a) to c), the curves show the thickness ranges with equ
Fration, (The ratio of a thickness with arbitrary refractive index n to that with ref
xpressed by an approximate function of g(n) [see Formula (23)]:

 index, n, of the cover layer and spacer layer of the disk shall be as per Formula (22):

brding
parent

bed in

(22)

elated

b eight

valent
factive

MY %xn3+5,8143xn2-98808xn+6,476 0

(23)

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

The 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

34

each thickness and each refractive index.
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The coefficient function of f(n) equals tan(6,) / tan(6,), where 6, and 6, are the converging angles in
the transmission stack with refractive indexes of 1,60 and the arbitrary value of n, respectively. The
function f(n) is expressed approximately by Formula (24):

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

(24)

The thickness of TSO (all layers on top of layer L0) depends on the refractive index and shall be

within the uppermost shaded area in Figure 15 (In case of a refractive index of n, the thickness
shall be between 94,0 x g(n) um and 106,0 x g(n) um, and the dashed curve indicates the nominal

th
b)

w

bd

as

w

sh

th

an

TH
s1
by
re

f)

TH
th

g)

h) TH

re,

12.4 ]

In masd

Itisre
of 12.3

a) TH

T}

T}
an

T}

ickness as a function of the refractive index).

dex, shall be

thin the middle shaded area in Figure 15 (In case of a refractive index of n, the thie
tween 69,0 x g(n) pm and 81,0 x g(n) um, and the dashed curve indicates the nom
a function of the refractive index).

e thickness of TS2 (all layers on top of layer L2), as determined by its'refractive i
thin the undermost shaded area in Figure 15 (In case of a refractive’ index of n,
all be between 52,0 x g(n) um and 62,0 x g(n) um, and the dashed curve indicate
ickness as a function of the refractive index).

e thickness of spacer layer1 (51), sandwiched by layer LO@andlayer L1, shall be bet
d 30,0 pm.

e thickness of spacer layer2 (S2), sandwiched by layér L1 and layer L2, shall be bet|
d 23,0 pm.

e thickness differences shall meet the requirement C - (S1 +52) 21,0 pm and S1 -
, S2 shall be converted from their actual thickness to their effective thickness by be
f(n) shown in Figure 16, where thickness of TS2 equals the cover-layer thickneg
fractive index].

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

e maximum deviation, AD,of the thickness of TS2 from its reference thickness g
gquirement [AD| < 2,0 pm:

Example of target thickness of spacer layers for TL disks
s production;simple target values of thicknesses are useful.

commended that when the following three requirements are fulfilled, then require
| arealways fulfilled for a refractive index of 1,60.

kness shall be
nal thickness

Index, shall be
the thickness
5 the nominal

ween 20,0 um

ween 13,0 um

2> 1,0 um [C,
ng multiplied
s (C) and n is

ive reference

hall meet the

ments a) to f)

ethickness of the spacer laveril (Q1) shonld bhe 25 0 pm+2 0 pm

b) The thickness of the spacer layer2 (5§2) should be 18,0 pm * 2,0 pm.

c) The thickness of TS2 (= C) should be 57,0 um + 2,0 pm.
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Refractive index of the Transmission Stack

Figure 15 — Thickness of transmission stacks as function of reflective index
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Relractive Index of Spacer Layer

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

12.5 Reflectivity of recording layers

The reflectivity of each recording layer in the information zone, including transmission through the
transmission stack concerned, shall fulfil the following requirements independent of the recording
status of the other recording layers (whether unrecorded, recorded or partially recorded) under the
measurement conditions of Annex B as follows:
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— inunrecorded virgin grooves:

— oflayer LO and layer L1:

— and of layer L2:

— inunrecorded erased grooves:

ISO/IEC 30193:2020(E)

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

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

— oflayer LO and layer L1: Ry.e = 1,4 %to 4,0 %;
— and of layer L2: Ry =2,0 %to 4,0 %;
=ateachn [ocation on the disk: 0,75 X Ry, < Rye < LZ5XRy.ys

Writte

12.6 1
The in
An

The pe
An

n recorded grooves for the first 10 DOW cycles:

+— oflayer LO and layer L1:
+ and of layer L2:

1+ ateach location on the disk:

Birefringence

/< 1,5 x 104

| <1,2x10-3

12.7 Angular deviation

The aj
refere
to 1,0

cover |

ayer and/orspdcer layer (see Figure 17).

Rgy = 1,4 %to 40-%;
Rgy = 2,0 %to 4,0 %;

0,755R,., < Rgy < 1,25 x

n marks shall have a lower reflectivity than the unrecordedlayer.

plane birefringence of the transmission stacks §hall be (see Annex |) as per Formu

rpendicular birefringence of the transmission stacks shall be (see Annex ]) as per |

pgular deviation is_the angle o between a parallel incident beam perpendiculg
nce plane P and the)reflected beam. The incident beam shall have a diameter in the
mm. The anglé o includes deflections of the entrance surface and to lack of par3

gV
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Cover Layer

Recording Layer
Substrate §Lay

Read-out
Surface

_____________________

Reflectedbeam

________ % I

AIncident beam

Figure 17 — Definition of angular deviation

The requiremlents for the angle a are as follows:

— in the raglial direction:
— undgr the normal test conditions specified in8:1.1: |a] hax = 0,60°;
— undgr the “sudden change” test conditigns specified in 8.1.1:  |a|,,, = 0,70°;
— in the tapgential direction:

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

13 Data format

13.1 General

The data recgived from the source (application or host), called user-data frames, are formatt¢d in a
number of steps before being recorded on the disk (see Figure 18).
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User Data User Control Data
32 Sectors
32 frames 32 units
X 2 048 bytes X 18 bytes
A 4
Data Frame
32 frames
X (2 048 bytes Data
+4 bytes EDC)
4
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 24 columns
216 rows Addr. Fields 30 rows
16 addresses x 9 bytes
A 4 4
LDC Block BIS Block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity v 32 rows parity
A\ 4 \ 4
LDC Cluster BIS Cluster
152 columns 3 columns
496 rows 496 rows
/ 7 7
v [ N 4 X y X
LDC Blt\J LDC BIS LDC BIS LDC 496 rows divided in
.\\ 16 Address Units
38 col. \[1jcol.| 38col. |1lcol| 38col. [1col| 38col of 31 rows each
ECC Cluster
(155 columns )
~1 17 17 17 T "7 "7 1 -----
Frame dc dc dc 496 .
sync dza; 3lcontr, dzga contr| dz;a contr, | Recording
20 Frames
Physical Cluster ———>
(1 932 Channel bits
=1 288 data bits)

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.

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; and

— aphysical cluster, consisting of 496 recording frames.
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The data on BD rewritable disks is recorded in 64K partitions, called clusters, containing 32 data
frames with 2 048 bytes of user data. These clusters are protected by 2 error correction mechanisms

as follows.

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

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

(62,30,33) Reed-Solomon (RS) code-words. These BIS code-words carry addresses for allocation
purposes and control information belonging to the user data. they can also be used to indicate long
burst errors, by means of which the LDC can efficiently perform erasure corrections.

The combinatfion of these two codes is called an “LDC+BIS code” (see Figure 19).

All the data is arranged in an array as indicated in Figure 19. This array is read in.the hor
after row, and recorded on the disk after insertion of additional d\e! contr
d insertion of synchronization patterns.

direction, ro
modulation,

The error-corx

rection codes are applied in the vertical direction, which gives a good basic brea

zontal
| bits,

k-up of

burst errors dn the disk. Additionally, the LDC code-words have been interlea¥éd in a diagonal dirpction.

Syng 38 1 38 1 38 1 38
bytes byte bytes byte bytes byte bytes
T Do ........ D37 Bo D38 ...... D75 B1 D76 D113 Bz D114. D151 T
Dis2 ... D1gg Bs D190 werereeeee
Address| 31
Unit O | rqws
I | I I Ao o I P |
data stream
496 > > > > > >
rows on disk
AN T
Address| 31
Unit 14 | rqws
ool o
T
AddressT—31
N Unit 15| rows
....... D75391 ~L

40

Figure 19 — Schematic representation of physical cluster on disk
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Address units:

For the purpose of allocating the optical pick-up to a certain position on the disk, the physical cluster
is subdivided into 16 address units, each consisting of 31 consecutive rows. The address-unit numbers
(AUN) provide 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 dlsk (mcludmg the inner and outer zones) are Called phy51cal sectors. All phy51ca1 sectors have
22 e : recorded onto

the d1k however they are synchromzed w1th the AUNs
Logicql sectors:

Not all physical sectors are available for storage of user data delivered by the applicatioh or host. The
inner and outer zones are excluded. The remaining sectors are available forstoring user data and are
called [ogical sectors.

13.2 Data frame

A datajframe consists of 2 052 bytes: 2 048 bytes of user data dand 4 bytes of error-detectign code (EDC).
The 21048 user data bytes are identified as ud, to ud, (4, and the 4 EDC bytes as ed, |j45 to ed; 54
(see Figure 20).

) udy 0
2 048
User Data :
bytes : 2052
3 ud 947 bytes
1\ edy 048
4 edy 049
EDC bytes ed, oso
\ ed, o5 ¥
Figure 20 — data frame
13.3 Ertor-detection code (EDC)

The 4-byte field ed, 44 to ed, o5, shall contain an error-detection code computed over the 2 048 bytes of
user data. Considering the data frame as a single bit field, starting with the most-significant bit of the first

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

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

0
EDC(X)=ZbI.xi =I(x)modG(x) (27)
i=31
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where
32
I(X): Z lel andG(X):X32+X31+X4+1.
i=16 415

13.4 Scrambled data frame

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

The heart of

Formula (28)

@ (x)=xP+x15+x13 +x* +1

Here, s, to s;{ form a 16-bit shift register. At each shift clock, the content of s, shiftstos,,; (n =
while s is sef|to s;5 D s14 D s1, D s3 (Bstands for exclusive-or).

At the beginn

preset with a
16-bit preset

Value shall be composed in the following way:

— sy5 shall he set to ONE,

— Sy4..Sg shiall be set to PSq .. PS; of the PSN (see Figure.21).

The same prepet value shall be used for all 32 data frame$ within the same cluster.

Physical Sector Number (PSN)

the circuit is a linear-feedback shift register (LFSR) based on the polynomial

Qs per

(28)

0..14),

ing of the scrambling procedure of each data frame, the shift register s, to s;5 shall be
value derived from the (virtual) PSN associated with the'data frame (see Clause 1

/). The

MSB LSB
P P P P P P P P|P P
S S S S S S S S| |ISIS S
3 2 2 1 1 1 8 5|4 0
1 4 3 9 6 5
ONE \\
I \¢ YYVYVYVYYVYYVYY
Parg d_>§§ S ssssssss<_ShlftClOCk
road SVRE 7T6[ 5[4 32 1Ok«
‘ MM N
NVARNY, N

Figure 21 — Scrambler circuit

After loading the preset value, s; .. s are taken out as scrambling byte S;,. Then an 8-bit shift is repeated
2 051 times and the following 2 051 bytes are taken from s, .. s as the scrambling bytes S; to S, (5.

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

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

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

<+ 32 Frames —>
0 1 F 31
T doyo do1 dor do;31
dio di dir di31
2052
bytes
dz 050,0 dz 0501 dz o507 dz'G50p1
¢ d2051,0 dz 0511 d2051,F d2 0511

These|data are rearranged into an array of 216 rows x 304 columns by dividing each sq

Figure 22 — 32 scrambled data frames

rambled data

framelinto 9,5 columns as shown in Figure 23. This new array is<alled a data block. It shjould be noted

that eyery even scrambled data frame ends halfway down a‘column, and every odd s

frame fstarts halfway down a column.

rambled data

“— 304 €¢olumns —
0 1 9 10 18 19 303
T doo d216,0 d1 9440~ d1osn d18361 do,2 183631
di0 d217, didas0 | dioon d18371 di. dl1 83731
d2 0500
216 dz 051,0
rows do1
di1
d106,1
& d21s0 | dazio d107,1 d3231 dzos1,1 | d2isp d2 051,31

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

13.6 LDC block

The bytes in each column of the data block are renumbered as shown in Figure 24 starting from the top
of each column as follows: e ; e; | .. €; . to e,15;, in which L represents the code-word number (= the
column number: 0 to 303).

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

© ISO/IEC 2020 - All rights reserved

43


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

ISO/IEC 30193:2020(E)

<« 304 columns -
Code word | Code word Code word Code word | Code word
0 1 L 302 303
T T €0,0 €o,1 €o,L €0,302 €0,303
216 e0 el el €1,302 €1,303
rows €2,0 . . . .
with :
1LDC data : : : : :
code-word €215,0 e215,1 ez1s.L €215,302 €215,303
=248 T P216,0 P216,1 P216.L P216,302 P216,303
bytes 32
rows
with
parity : : : :
»L ~L P247,0 P2471 P247.L P247,302 P247,303
Figure 24 — Renumbering data bytes and forming LDC block by adding parities

13.7 LDC code-words

The long-disthnce RS code is defined over the finite field GF(28), The non-zero elements of th¢ finite
field GF(28) are generated by a primitive element @, where a is a¥00t of the primitive polynomial p(x) as
per Formula (29):

p(x)=x8 }x*+x3+x2+1 (29)
The symbols| of GF(28) are represented by bytes (groups of 8 bits), using the polynomigl-base

representatio

Each LDC code-word, represented by the vegtor [y, = (g, - €1 - €215, P216,1 - PjL - P247,0), IS §
Solomon codsg
be representqd by a polynomial I, (x)-of\degree 247 (possibly having some coefficients equal tg

over GF(28), having 32 parity bytes and 216 information bytes. Such a code wof

h, with (a7, a®, >, .., a2, a, 1) as a ba8is. The root « is thus represented as a = 00000010.

Reed-
d can
Zero),

where the highest degrees correspond-to the information part of the vector (e, .. etc.) and the lowest

degrees correspond to the parity,part of the vector (p,y4 , - €tc.).

l4.(x) is a mul
as per Formula (30):

31

g()=] J|(x—ec

i=0

The LDC is s

Liple of the genérator polynomial g(x) of the LDC code-word. The generator polynomial is

(30)

STematicr the 216 information bytes appear unattered i the nighest-degree positions of

each code word. The parity-check matrix H; . of code I, is such that H . x I3.T = 0 for all LDC code-

words Iy,

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

hipco = (@, a4 . a?, a, 1)

44
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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 first interleaving step, the 304 columns of height 248 are rearranged into a new array with 152
columns and 496 rows.

Each new column is formed by multiplexing each even column from the LDC block, witl] the next odd
colump. The new column is filled by taking the first byte from the even LDC block\colimn, then the
first blyte from the odd LDC block column, next the second byte from the even|LDC block column,
followgd by the second byte from the odd LDC block column, etc., as shown in Figure 25.
“— 152 columns ™
0 1 151
T €0,0 €0,2 : : €0,302 T
€0,1 €0,3 : : €0,303
432 €10 e1,2 : : €1,302
rows €11 €13 : : €1,303
with :
data
€215,0 €215,2 " : €215,302
J €215,1 €2153 : : €215,303 494
T P216,0 P216,2 : : P216,302 rowsg
P216,1 Pz2163 : : P216,303
64 P217,0 p217,2 : : P217,302
rows P2171 P217,3 : : P217,303
with : : :
parity
P247,0 P247,2 : : P247,302
~L P247,1 P247,3 : : P247,303 ~L
Figure 25 — First step of interleaving
13.8.3| Secendinterleaving step
To redpicethe influence of error propagation and further improve the burst error correcting capabilities,

an additionat mterieaving 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,z 397 as indicated in Figure 19.
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Figure 26 — LDC cluster
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13.9 Addressing and control data

13.9.1 General

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

13.9.2.1 General

For positioning the optical head onto the desired track, a fast addressing mechanism is

d.

implemented

by subldividing the 64K physical clusters into 16 address units. Each address unit contaifs an address,

which|is placed in such a way into the BIS code-words (see 13.11) that it can befacc
(see Figure 27).

Each 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.

pssed quickly

<« 16 Addresses —>
0 1 ) S 15
T Partially AFo_o AFO,1 : AFOIS : AFO_15
qulfled and AF1, AFy : : : AFi11s
inverted
Address-Unit : : : : :
9 Numbers AF3,0 AF3,1 . AF3,5 . AF3,15
bytes Flag bits AF 40 AF41 : AF45 : AF 415
Partially AFs o AFs : AFss : AFs 15
inverted
parities ' ' ' ' '
J AFgp AFg1 : AFgs : AFs 15

Figure 27 — 16 address fields

13.9.2(2 Byte*assignment for address fields

Beford describing address fields, primary address fields, which consists of address-unif

number, flag

bits and parity bytes, are defined as follows:

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

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

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

PAF,

PAF; g.. PAFg

= LSB of the address-unit number;

= flag bits:

These bits can be used to indicate a status of individual data frames

in a cluster or can be used to hold other information, such as for
instance an address. The basic format for assigning some of these flag
bits is specified in 13.9.2.3. Flag bits not used shall be set to ZERO.

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

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

Formula (32):

p(x)=x8

The symbols
representatio|

Each primary
Reed-Solomo

Fxt+x3+x2+1

of GF(28) are represented by bytes (groups of 8 bits), using the(polynomij
h, with (a7, a®, a, .., @2, a, 1) as a basis. The root « is thus represented-as‘a = 00000

address-field code-word, represented by the vector pafc = (PAF ; ..PAF; ¢ .. PAFg

be representdd by a polynomial pafc(x) of degree 8 (possibly having somé€)coefficients equal td
where the highest degrees correspond to the information part of the vector (PAF .., etc.) and the
lowest degregqs correspond to the parity part of the vector (PAFs .. &tc.).

pafc(x) is a
generator pol

ultiple of the generator polynomial g(x) of the¢primary address-field code-wor

ynomial is as per Formula (33):

(32)

\1-base

[010.

), is a

code over GF(28) having 4 parity bytes and 5 information bytes. Such a code wgrd can

Zero),

d. The

3
g(0)=]]|(x-e) (33)
i=0

The primary|address-field code is systematicicthe 5 information bytes appear unaltered [in the
highest-degrge positions of each code word,The parity-check matrix Hp,pc of code pafc is su¢h that
Hpppc * pafcT g 0 for all primary address-field code-words pafc.
The second r¢w hpppc , of the parityreheck matrix Hpypc corresponding to the zero a of the gerferator
polynomial g(x), defines the code-word positions to be used for error locations. This second row psgc 2
of the parity-¢heck matrix Hp,pcds.given by Formula (34):

hpppc2= (8 a7 .. a?, a, 1) (34)
Address fields are definied as the following by partially inverting primary address fields:
AFO,S = PAFO,S
AFl,S = PAFl,S’

AF, ¢ = all bits inversion in PAF, g

AF; o= all bits inversion in PAF; g

AF4,S = PAF4’S

)

AF; ¢ = all bits inversion in PAF; g;

AFg ¢ = all bits inversion in PAF g

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

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

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

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

The first address-unit number in the data zone 0 is 00 10 00 00h (1 048 576 decimal).

The lagt address-unit number in data zone 1 is 03 EF FF FEh (66 060 286 decimal)
The figst 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:

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

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

— AU, shall be reserved.
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PSN
A
7~ MSB LSB T,
P P P P P P P P|p P
S S S S S S S SIS S
3 2 2 1 1 3 7 514 0
4 3 a 5
| | | | | | | | In Cluster
count ZERO
Address Unit Number [ —
L U | X#irrlr 1&111
1 \[ATAJA A A A A A A AlA
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\\T
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r
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Status
addreq

Bitb, 4
for dat

Bit by
respeq

Bits by

Bit by be bs bs b3 b b: bo

Byte

AF4s
AF49 Sao1 Sai; Sago Saio IdT7 Rd1s Rsv Rsv
AF41 Saz1 Sas Saz Sasp IdTs Rd14 Rsv Rsv
AF4, Sas1 Sas 1 Sau Sasp IdTs Rdis3 Rsv Rsv
AF43 Sae1 Saz1 Sago Sazp IdT4 Rd12 Rsv Rsv
AF44 Sag1 Sag1 Sag Saogp IdTs Rdu1 Rsv Rsvj
AF,4s Saio1 Sai11 Saio Saii0 IdT2 Rd1o Rsv Rsv]
AF46 Saiz1 Saiz1 Saizp Saizp IdT: Rdo Rsy Rsvj
AF47 Sai41 Sais1 Saisp Saiso IdTo Rds Rsv Rsvj
AF4g Saien Saiz Saieo Saizp Rsv Rd7 Rsv Rsy
AF49 Saig1 Saig1 Saigo Saigp Rsv Rds Rsv Rsvj
AF4110 Sazo1 Sazi1 Sazo0 Sazip Rsv Rds Rsv Rsv
AF411 Saz1 Sazs1 Saz Sazsp Rsw Rds Rsv Rsvj
AF412 Sazsa1 Sazs1 Sazsp Sazsp Rsv Rds Rsv Rsvj
AF413 | Saze: Sazz1 Sazeo Saz70 Rsv Rdz Rsv Rsv]
AF414 Sazg1 Sazg1 Sazg Sazgp Rsv Rd: Rsv Rsv
AFy415 Sazo 1 Sazi1 Sazo Saz1o Rsv Rdo Rsv Rsvj

Rsv: Reserved unless otherwise specified by the BDAP.

bits Sa, ; (0 <i< 31, 0 <f's1): Because each cluster contains 32 data frames and the
S units, each such address unit shall hold the flag bits for 2 data frames (see Figure

nd bit bg of the suceessive flag bytes AF, gare defined as status bits Sa,¢; and Sa,g g,

a frame 28.

and bit b¢-ef the successive flag bytes AF, g are defined as status bits Sa,g,, {

tively, fordata frame 25+1.

ard b of all flag bytes AF, ¢ shall be reserved unless otherwise specified by the B

Figure 293 Flag bits from 16 address fields

re are only 16
€el29).
respectively,

and Sayg,; o,

DAP.

RID_tag bits IdT;: Bits bs 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. The 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):
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Rd15 to Rdg:

Rd8 to Rd5

Rd, to Rd,:

These 7 bits shall represent the actual year — 2 000 as an unsigned binary number
with Rd; s as the msb;

These 4 bits shall represent the actual month as an unsigned binary number with Rdg

as the msb;

These 5 bits shall represent the actual day of the month as an unsigned binary num-
ber with Rd, as the msb.

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

13.9.2.5 Us

e of status bits Sa

Each pair of s
The following

Sa;1/Sa;o=

In the user-dlata area, all status bits Sa,;/Sa;, should be“set to 01 in clusters being wrif

“streaming” n

Furthermore,

In all other c4
be set to 00.

Consequently
if Sa;;/Sa; o is

if Sa;;/Sa; o is

13.9.3 User-

node.

setto 01 or 11/

control data

tatus bits Sa, ;/Sa; is used to indicate the status of an individual data framednla ¢
settings are defined:

00: data frame contains general user data;

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

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

Other: reserved unless otherwise specified by-the BDAP.

the status bits Sa, ;/Sa;, shall be set te11 in data frames that have been inserted
drive to compllete clusters before recording them onto the disk (padding).

ses, where the data for data frame\i is supplied by the host, the status bits Sa; ;/Sa;

set to 00, the contentof data frame i shall be conserved during R-M-W actions.

)

the content of data frame i may be discarded during R-M-W actiq

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

luster.

ng

ten in

by the

o shall

ns.

For accessing the user data, special control data can be added to each user-data frame. These
additional bytes can carry the BDAP-dependent information. A user-data frame accompanied by its
user-control data unit is called a sector. Each user-control data unit consists of 18 bytes (see Figure 30).
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<« 32 Units —
0 1 : S 31
T UCo_o UCo,l . UCo,s UCO_31
UCyp UC11 : UC131
18 bytes
J UCi7,0 UC171 : UCi7s UC17;31

Figure 30 — 32 user-control data units

13.9.4{ Byte/Bit assignment for user-control data

The user-control data bytes are BDAP-dependent. If this setting is not specified by an BDA

shall ble set to 00h.
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Figure 31 — Composition of access block
(from 16 address fields and 32 user-control data units)
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Access block

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

thatis

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 groups of bytes of each of the addresses 0 to 7 are placed in the access block in a diagonal direction
in the first, third and fifth row, starting with address 0 and each successive address shifted cyclically 3

The 3 groups of bytes of each of the addresses 8 to 15 are placed in a diagonal direction
fourth|and sixth row, starting with address 8 and each successive address shifted.cyclica
to the |eft.

Within each group of bytes in the third and fourth rows, the bytes are shifted cyclically t
one-byfte position.

Within} each group of bytes in the fifth and sixth rows, the bytes are\shifted cyclically t
two-byte positions.

Mathematically, this mapping of the address bytes into the access block can be re
Formulla (35):

by

Io|

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

The us
fills 34

13.11

The by
top of
colum

The B
(62,30

te AF, , shall be allocated in:

w r =2 x div(x,3) + div(y,8); and

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

BIS block

tes in each columirof an access block are renumbered as shown in Figure 32 stay
pach column asfolows: by by (.. b; - .. to byg , where C represents the code-word
h number: 0 to 23).

S blockristcompleted by extending each of the columns with 32 parity bytes a
33) RScode. The parity bytes are numbered: pbs( - pbzy ¢ .. pb; .. to pbgy ¢

in the second,
ly 3 positions

p the left over

b the left over

presented by

(35)

Hata unit only

ting from the
humber (= the

ccording to a
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<« 24 columns —
Code Code Code Code Code
word word : word : word word
0 1 C 22 23
1 0 bo,o bo1 : boc : : bo,23
b1, b1 : bic : : b1,23
30 . . . : . . :
Information : : : b,
bytes : : : : :
b29,0 b291 : b2o,c : : b29,23
Ondg BIS
code{word
= 62 pytes v
0 pbzo,o pbzo1 : pbsoc : : pbzo23
32
Parity bytes : g : g : ' :
pbeio | Pbeia . pbe1c ; : pbe1,.23
l

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

13.12 BIS code-words

The BIS RS cqde 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, wheére « is a root of the primitive polynomial p(x) [as per

Formula (36)

p(x)=x8 x*+x3+x%+1 (36)

The symbols| of GF(28) are represented by bytes (groups of 8 bits), using the polynomigl-base
representatiop, with (a7, @&.a3, .., a2, a, 1) as a basis. The root « is thus represented as a = 00000{010.

Each BIS codg-word, répresented by the vector bis = (b ;.. b; ¢ .. byg ¢ Pb3g ¢ - Pb; ¢ - Pbgy (), is  Reed-
Solomon cod¢ over<GF(28), having 32 parity bytes and 30 information bytes. Such a code wofd can
be representdd by.d polynomial bis(x) of degree 61 (possibly having some coefficients equal tc{zero),
where the highest' degrees correspond to the information part of the vector (b, .., etc.) and the [lowest
degrees correspond to the parity part of the vector (pbsq ¢ .., etc.).

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

as per Formula (37):

31

g(x):H(x—Oci) (37)
i=0
The BIS code is systematic: the 30 information bytes appear unaltered in the highest-degree positions

of each code word. The parity-check matrix Hp g of code bis is such that Hgg x bisT = 0 for all BIS code-
words bis.
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The second row hgg , of the parity-check matrix Hp;g corresponding to the zero a of the generator
polynomial g(x), defines the code-word positions to be used for error locations. This second row hgs ,
of the parity-check matrix Hpyg is given by Formula (38):

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

13.13 BIS cluster

(38)

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

The B[S cluster 1s subdivided according to the address units as snown In Figure 19, [he units are
numbgred u = 0 to 15, the rows in such a unit are numbered r = 0 to 30 and the colunmns’are numbered
e=0t¢ 2 (see Figure 33).

The egsentials of the BIS interleaving scheme are the following (see Figure 32vand Figufre 33 and the
examplles in Figure 34 and Figure 35):

r

th
m

th
wi

T}
w

ng
I

eala? row of the BIS block is split into 8 groups of 3 bytes. These 3-byte)groups are each
0

of the BIS cluster;

e even rows of a BIS block are mapped into units 0 to 7 @nd the odd rows of the
hpped into units 8 to 15;

e 3-byte groups from an even row of the BIS blockare placed each in the same row
ereby the units are used in reverse order (according to their numbering).

e first 3-byte group of each successive row ofithe BIS block shall be placed in a unit
nich is one higher than the start unit used for the previous row as follows:

row N = 0 of the BIS block is placed én rows r = 0 of units: 0, 7,6, 5, .., 2, 1;
row N = 2 of the BIS block is placed on rows r =1 of units: 1,0, 7, 6, .., 3, 2;
row N = 4 of the BIS blockis-placed on rows r = 2 of units: 2,1,0, 7, .., 4, 3;

etc., this process is repeated cyclically until row N=60, which is placed on rows 1
6,54,3,..,0,7

w, within each-unit, each row r is shifted cyclically to the right by mod(r,3) pos
0 is not shifted;row r = 1 is shifted 1, row r = 2 is shifted 2, row r = 3 is not shifte

shlifted 1, ete;

fo

" the odd'rows of a BIS block, the same kind of procedure is followed, but then using th

placed in one

BIS block are

Of units 0 to 7,

vith a number

= 30 of units:

tions: so row
d, rowr=41is

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

Figure’33 — BIS cluster

Mathematicallly, the mapping of the bytes from a BIS block into a BIS cluster can be represented by

Formulae (39

to (41):

Byte by corp

— inunit

— 0nroy

by ¢ (see Figure-32)is placed as follows:
u = med{[div(N,2) + 8 — div(C,3)],8} + 8 x mod(N,2)

v r=div(N,2)

— in column e =mod{[C ¥ div(V,2)],3}

(39)

(40)

(41)

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

m=(ux3

58

1+r)x3+e

(42)

© ISO/IEC 2020 - All rights reserved


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

ISO/IEC 30193:2020(E)

Byte number N,C from BIS Block Shift right Filling in upward direction
(= mod(r,3))
column e
Unit u row r 0 1 2
0 0 0,0 0,1 0,2 0 start of Block row N = 0
1 2,5 2,3 2,4 1 T continuation of Block row N = 2
2 4,7 4,8 4,6 2
3 6,9 6,10 6,11 0
7 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 Block row /=0
1 2,2 2,0 2,1 1 start of Blockyrow 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 NZ
1 2,23 2,21 2,22 1 end of Block row N = 2
2 4,1 4,2 4,0 2 start of Block row N = 4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 017 bV o
1 2,20 2,18 2,19 1
2 4,22 4,23 4,2% 2
3 6,0 6,1 6,2 0 start of Blockrow N =6
4 0 0,12 013 ¢, 0,14 0
1 2,17 2,15 2,16 1
2
5 0 09~ o010 0,11 0
1 2,14 2,12 2,13 1
2
6 0 0,6 0,7 0,8 0
1 2,11 2,9 2,10 1
2 4,13 4,14 4,12 2
7 0 0,3 0,4 0,5 0 7T continuation of Block r¢w N = 0
1 28 26 27 1 1 continuationofBlock 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 Block Shift right Filling in upward direction
(= mod(r,3))
column e
Unitu row r 0 1 2

8 0 1,0 1,1 1,2 0 start of Blockrow N =1

1 3,5 3,3 3,4 1

2 5,7 5.8 5,6 2

3 7,9 7,10 7,11 0

8 171 17,2 17,0 2 start of Blockrow N =17

30 61,18 61,19 61,20

v
9 0 1,21 1,22 1,23 end of Block row N =1 qp
~J

10 0 1,18 1,19 1,20 ~N
11 0 115 1,16 1,17 P
12 0 1,12 1,13 1,14 o
13 0 1,9 1,10 1,11 AN
14 0 1,6 1,7 1,8 \\‘(
15 0 1,3 1,4 1,5 R -\Q 0 1 continuation of Block row N = 1

1 3,8 3,6 3,7 1

2 5,10 511 59 2

7 15,2 15,0 15,1 1 start of Blockrow N = 15

30 61,21 61,22 61,23 0 end of Blockrow N =61

Some conclus

ons:

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

— All information 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.

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.

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

After multiplexing the BIS cluster with the LDC cluster, the ECC cluster of Figure 36 is reached.

60
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LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns |column| columns |column| columns |column| columns
«— - “— > «— - «— > «— - “— > «— -
T AFop AF1p AF2p
AF3p AF 4 AFsp
AFG,() AF7,0 AF&O Address
Ucu,v . 8 Unit 0
AFO,l AF1‘1 AFZ,]
196 AF3, AF44 AFs
rows AFe1 AF7, AFg, Address
UCyy : : Unit 1
2
Figure 36 — ECC cluster after multiplexing of BIS cluster with LDC cluster
13.15| Recording frames

Each rpw of an ECC cluster is transformed into arecording frame by adding locations for t

bits ard for the dc-control bits.

For this purpose, a stream of 1 240 data‘bits which is formed by the 155 bytes of each r
is divided into 1 group of 25 data bits and 27 groups of 45 data bits (see Figure

clustet

most-gignificant bits of the bytes handled first.

he frame sync

bw of the ECC
[37), with the

The figst group of 25 data bits(s,;extended with 20 data bit positions for the insertion of the frame sync,
which [is a special sequence of 30 modulation/channel bits.

Next epch group of 45 data bits is completed with 1 additional bit position to form a dc-co

ntrol block.
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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 5 | 45 45
bits bits bits | bits bits
-t r .1 .. 1T 5 1 0000 QY
Frame data dc data dc data 1/ dc
Sync control control contrjol
20 ' |25 1 45 T 45 1
dc-control block #0  dc-control block #1  dc-control block #2..26 dc-control block #27
D d6bits 46bits  25x46bits % 46 bits |
1 288 bits

Figure 37 — Composition of recordingframe

13.16 Physical cluster

The 496 rowg from an ECC cluster, transformed into recording frames, form what is called a physical
cluster.

13.17 17PP{modulation for recordable data

13.17.1General

All the bits of recording frames exceptthe frame sync are converted to modulation bits according to the
17PP modulation code. This is an'RLL(1,7) code with run-lengths 22T and <8T with and some $pecial
properties. PR means: parity preserve/prohibit RMTR as follows:

—  Parity preserve: _ifthe number of ONEs in the data-bit stream is even, then also the numHer of
ONEs in the modulation-bit stream is even;
if the number of ONEs in the data-bit stream is odd, then also the numbé¢r of
ONEs in the modulation-bit stream is odd.

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

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

13.17.2Bit conversion rules

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

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

62 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 30193:2020(E)

Data bits Modulation bits
00000000 010100100100
00001000 000100100100
000000 010100000
000001 010100100
000010 000100000
000011 000100100
0001 000100
0010 010000
0011 010100
01 010
10 001
11 000 If preceding Modulation bits=xx1
101 If preceding Modulation Bits= xx()
Data bit pattern Substituting
to be substituted Modulation bits Condition for substitution
110111 001 000000 If nextModulation bits = 01
Terminating Terminating
data bits Modulation bits
0000 010100
00 000

Figure 38 — 17PP modulation code conversion table

13.17)3dc-control procedure

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

In this|way, the accumulated DSV of the recorded signal shall be minimized after each dcfcontrol block
by setfing the dc-controlbit 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 recprding frames
(see ﬂFure 18 and Figure 37).

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

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

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

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

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

Because 7 different frame syncs are insufficient to identify 31 recording frames, each frame'isidentified
by the combinjation of its own frame sync and the frame sync of one of the preceding recording frames.
The mapping[of these combinations can be made such that even with missing frame syncs in 1,2 or 3
preceding frajmes, a recording frame can still be identified by its own frame sync‘@nd the last gresent

frame sync (sge Figure 40).

Rec.Hrame n-4 ‘ Rec.Frame n-3 ‘ Rec.Frame n-2 ‘ Rec.Frame n-1 RecFrame n
Recordling Frame n can be identified from the Frame Sync ID of
Recording Frame n + Recording Frame n-1
Recording Frame n + Recording Frame n-2
Recording Frame n + Recording Frame n-3
Recording Frame n + Recording Frame n-4

Figure 40 — Identification.bf recording frames

The first recopding frame of each address unit has’a unique frame sync: FSO.

The other frame syncs are mapped as specified in Figure 41.

Frame number Erame Sync Frame number Frame Sync

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FSé
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FSé
11 FS3 26 FS2
12 FS4 27 FSé
13 FSé6 28 FS4
14 FSé6 29 FS4
15 FS3 30 FS2

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

Data

bits
—>

Modulator

Modulation NRZI converted
. Ex-OR .
bits NRZ P Channel bits
"| conversion g —|_ g
1T
T =1 Channel clock period delay

Example of data bit pattern: 0 1 0 1 1 0 0] 1

Modulation bit pattern: 0 1 0{0 1 0/ 00 1|0 (1 0|0

NRZ converted signal: I_l
NRZI converted signal:

Figure 42 — Modulation and NRZI conversion

14 Physical data allocating and linking

14.1 General

The u

L

data ryin-in and followed by a data rufisout. The run-in and run-out are offering sufficien
facilitgting fully random write/overwrite.

Recording-unit blocks can be(written one by one or in a continuous sequence of several

streanping).

In the
rate is
chann

nominpl situation.

14.2 Recording-unit block (RUB)

Fewritable areas'‘af'the disk, a wobble cycle shall correspond to 69 channel bits if t
locked to the wobble frequency. This means that a modulated recording frame,
] bits (= 1288 data bits), covers exactly 28 wobble cycles. This locked case is con

it of recording is a recording-unit-block (RUB), consisting of a physical cluster preceded by a

buffering for

RUBs (write_

ne channel-bit
Uhich is 1 932
tidered as the

14.2.1 General

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

Run-in

Physical Cluster

Run-out

Guard_3

<40 wbs—

<496 x 28 wbhs—

<16 wbs—

<8 whs—

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

Figure 44.

Such a Guard_3 field shall consist of 540 cbs (nominally = 8 wobble periods).
Run-in |Physical Cluster| Run-out | Run-in |Physical Cluster Physical Cluster| Run-out | Guard_3
<40 wbs— | «—496x28 wbs— <16 wbs— [<-40 wbs— | «-496x28 wbs— <496x28 wbs— <16 wbs— | <8 wbs—
Fig
With the aboye choices, an SPS (see 14.3.2) of about maximum *2 wobbles and a start position acfuracy
of about +0,5 wobble, random writing/overwriting leads to an overlap of between 3 and 13 wobbles and
a minimum lejngth of non-overlapped data run-in of about 27 wobbles (minimum =1 recording frapme).
14.2.2 Data fun-in
14.2.2.1 General
The data run-in consists of the following parts:
— Guard_1: 1 080 channel bits; and
— PrA (pre-pmble): 1 680 channel bits.
The PrA field |s meant as a run-in for the signal processing (for locking and synchronization).
The Guard_1 field is meant to cope with the overlapsidue to the SPS and inaccuracies in determin|ng the
start location|of recording sequences (see Figure'45).
Guard_1 PrA
1 080 cbs 1 680 cbs
optional APC | repeated bit pattern nominal
~ 5 wobbles ~ 11 wobbles ~ 24 wobbles

14.2.2.2 Con

Figure 45 — Layout of data run-in

tent of Guard_1 fields

N

The Guard_1

iald L 1 £l o f 1l
TCTU TS a TCITg UIT UT CITATITICT OTCSY

The content represented in modulation bits is: 36 times repeated 01[04]1[04]1[02]1[02]1[0©]1[05]

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

14.2.2.3 Automatic power control (APC)

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

The P

The content of the PrA field shall be shown as Figure 46.

rA field has a length of 1 680 channel bits.

ISO/IEC 30193:2020(E)

52 times repeated

01[0*]1[0*]1[0?]1[02]1[0€]1[05] | Sync_1 | 01[0*]1[0]1[0?]1[0?] | Sync_2
1[05]1[0°] 1[04] 1[0°]

01[0%]1[0%]1
[0°]1[0°]

In gen

<«——1560cbs—— <30 cbs— 40 cbs

<30 cbs—» | «——20cbs——

sync after the PrA is FS(N) (N = 0..6, see 13.17.4).

This m
The fiy

contrdl (# = ZERO or ONE, see Figure 39).

14.2.3| Data run-out

14.2.3.1 General

The d3

— PdA (post-amble): 564 channel bits; and

— Guard_2: 540 channel bit§:

The Pq

A field is meant as a run-out fef.the signal processing.

Figure 46 — Layout of PrA field

ta run-out consists of the following parts assshown in Figure 47:

eral, Sync_1 shall be FS{mod[(N+4),7]} and Sync_2 shall be FS{mod[(N<6);7]}, if the first frame

eans that Sync_1 shall be FS4 and Sync_2 shall be FS6 (the first frame sync after the PrA is FS0).
st bit of each of Sync_1, Sync_2 and the first frame sync after the.PrA is allowed to he used for dc-

The Guiard_2 field is meant to_copé with overlaps due to the SPS and inaccuracies in defermining the

startl

cation of recording sequénces.
PoA Guard_2
564 cbs 540 cbs
nominal nominal
~ 8 wobbles ~ 8 wobbles

Figure 47 — Layout of data run-out

14.2.3.2 Content of PoA fields

The PoA field has a length of 564 channel bits.

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

Sync.3 | 01[0°]1[0¥]1[0°]1[0¥]1[0%]1[07]

01[0*]1[0*]11[0%]11[0?]1[0¢] 1[05]

16 times repeated

<30 cbs —> «————54ccbs

<

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

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

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

The content represented in modulation bits is: 18 times repeated 01[0%]1[04]1[02]1[02] 1[0¢]1{QS].
14.2.4 Guard_3 field

14.2.4.1 Gerneral

Guard_3
540 cbs

repeated bit pattern optional APC
~ 3wobbles ~ 5wobbles

Figure 49 — Layout of Guard_3 field

The Guard_3 field has a length of 540 channel bits_(see Figure 49).
The content rgpresented in modulation bits is: 48 times repeated 01[04]1[04]1[02]1[0%] 1[06]1[05].

14.2.4.2 Autpmatic power control (APC)

automatic poyer-control procedure. The modulation-bit pattern to be used for such an APC progtedure
can be chosel freely by the récorder manufacturer and is allowed to be different from the repeated
pattern as defined in 14.2.4.

The last 5 wo{vbles of the Guard_3 fieldat the end of a recording sequence can be used for perfornjing an

14.3 Locating datarelative to wobble addresses

14.3.1 General

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

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

14.3.2 Start-position shift (SPS)
To avoid excessive wear of the disk, the start of the writing of each recording sequence (one or more

RUBs) shall be shifted from its nominal start position by a random number of channel bits, called the
start-position shift (<128 cbs < SPS < +127 cbs) (see Figure 50).
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Figure
writte

At the
out/Gu

At the
of the

In all
randol

n RUB's.

NWL 25
nominal
start
position
34 ' 434
cbs cbs
accuracy
* 128 cbs range +127 cbs ”
t SPS $
-2,35wbs +2,33wbs
< recording start position range >
Run-out | Run-in
Example of SPS + inaccuracy; ‘= +58 cbs
overwriting | Run-in K%M

SPS + inaccuracy = -80 cbs

Figure 50 — Nominal start position for data recording

[ 51, Figure 52 and Figure 53 show examples how newly written RUB’s overlap w

start of the newly written RUB, the run-in of the newly written RUB overwrites a p
ard_3 of the preceding RUB (if'this had been written already before).

end of the newly written\RUB, the run-out/Guard_3 of the newly written RUB ove
fun-in of the following RUB (if this had been written already before).

th previously

hrt of the run-

‘writes a part

plectronics at

Cluster k-1
Reckrame 496

1
Run-out | Guard_3
1

la
9,5 wbs

cases, sufficientsun-in/run-out is left over for recapturing of the detection
m access.
Sync3 Unit | > Reference Unit o n 1*t Data_x Unit ol = 2"“Da'ca,xUnitrI .
11 I i il 1 il
u LINWL 25 LI'NWL 9 LINWL 37 LINWL9 LI'NWL 37
e | 25,5wbs.’_ o
|

Cluster k.

Cluster k

Clustor L

NOTE

Run-in

Rec.Frame 1

Rec.Frame 2

Rec.Frame 3

SPS -t
> -128 cbs| < +127 cbs

nominal start position 4
for writing (+ 34 cbs)

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

Figure 51 — Example of nominal start position for data recording
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Sync_3 Unit‘ Reference Unit o 15t Data_x Unit - 2" Data_x Unit
NWL 25 NWL9 NWL 37 NWL9 NWL 37
I 25,5 wbs I
! " 9,5 wbs
Cluster k-1 - Guard 3
| Rec.Frame 496 I Run-out | . "3
. Cluster k Cluster k Cluster k
Run-in Rec.Frame 1 Rec.Frame 2 Rec.Frame 3

nominal start position

for writing
NOTE SPS + inaccuracy of previous recording = +161 and SPS + inaccuracy of new recording = -162.
Figure 52 — Example of data recording with maximum overlap
Sync_3 Unit o Reference Unit - 1t Data_x Unit . 2" Data_x Unit
Il [ Il I Il ]
1l Ll 1 1 1 11
Yos5whs = NWL25 H NwL 9 L NwL 37 LInwL o Lnwra7
| —~ 9,5 wbs
(}ilglcs_g;;;ﬁ-elz} 5 | Run-out |Guarc}_3
. Cluster k Cluster k Cluster, k
‘ | Run-in Reucs_pigme 1 | Rec.Frame 2 | ReeFrame 3 |
norpinal start position
for priting t
NOTE SPS|+ inaccuracy of previous recording = =162 and SPS + inacecuracy of new recording = +161.

15 Track format

15.1 General

A track is formed by a 360° turn of a gontinuous spiral.

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

15.2 Track shape
The zone between raditfs r; = 21,0 mm and radius r; = 22,2 mm is reserved to be used for t}
(see Clause 3%). In this“zone, there shall be tracks formed by a single spiral groove whose inng

shall be at thd

radius 21,0 0} mm.

Figure 53 — Example of data recording'with minimum overlap

e BCA
r edge

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 r5 (see Figure 54).

At the transition, the spiral groove shall be uninterrupted.

The tracks in the BCA zone shall be straight groove (without any modulation) between radius r; and
the inner edge of the HFM groove on layer LO or the inner edge of the wobbled groove on other layers

(see Clause 18).
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Figure 54 — Connection areas between different'groove types

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

oove tracks in the embossed HFM areas deviate” with a rather high frequency
on around the nominal centrelines, providing-a high bit rate/high capacity data ¢
e of replicated information (HFM grooves).

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

rewritable areas (see Clause 16), tlfé tracks are formed by a single spiral groove,
1 of the embossed HFM area on-ayer L0 or from the end of the straight-groove arg
br L1, they end at the beginning-of the straight-groove area. These groove tracks in
deviate mainly sinusoidally’ and monotonically in the radial direction from f{
lines and are called wobibled grooves. The sinusoidal deviation is modulated by rep
es with different signal patterns at certain locations.

pbble can be used/for speed control of the disk and synchronization of the writ
ind the modulated parts represent addressing information called address in pregi
b.7). The shape of each track is determined by the requirements specified in Clause

Although the term "pre-groove" is not defined in this document, "ADIP" is widely used
Fess(in,pre-groove” in optical disk standards. The meaning of " pre-groove" is the same as
Hocument.

spiral groove

in the radial
nannel for the

starting from
a on layer L2.
he rewritable
heir nominal
acing some of

e clock of the
oove or ADIP
27.

as an acronym
hat of "groove"

At the connection between the embossed HFM area and the recordable area, the spiral groove shall be
uninterrupted. Between the HFM groove and the wobbled groove with ADIP information, it may form a
groove-only part (without any modulation) of maximum 1 mm length in the tangential direction along
the track.

Groove geometry

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

For “on-groove recording”, a geometry is used where the grooves are nearer to the entrance surface of
the disk than the lands. The outline of the groove geometry is presented in Figure 55.
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Figure 55 — Outline of groove geometry (radial cross-section of disk)

path

h even layer number, the spiral shall run from the innerside of the disk towards th
k when the disk rotates according to the specification in 9.8.

th odd layer number, the spiral shall run fromthe outer side of the disk towards th
k when the disk rotates according to the spécification in 9.8.

layers with even layer number n shall start at the beginning of inner zone n and ter
he outer zone n and shall be continu@us in the information zone. The tracks on th
(s) number n shall start at the beginning of the outer zone n and terminate at the
 n and be continuous in the infeymation zone (see Figure 14).

pitch

15.4.1 Track pitch in BCA zone

The track pitd
tracks, measu

The track pitd

In the area bq

red in radialdirection.
h shallbe/2,0 £ 0,1) um.

tween r, and r;, the track pitch shall change over from 2,0 pm to match 0,35 pm|

embossed HF

p outer

P inner

ninate
P layer
end of

h (TP) in BCA Zaiie is the distance between the average centrelines of a groove in adjacent

in the

M'area on layer 1.0 orto 0,32 ym in the wobbled groove area on other layers

15.4.2 Track pitch in embossed HFM areas

The track pitch in embossed HFM area is the distance between the average centrelines of an HFM
groove in adjacent tracks, measured in radial direction.

The track pitch shall be (0,350 + 0,010) um.

The track pitch averaged over the embossed HFM areas shall be (0,350 + 0,003) um.

15.4.3 Track pitch in rewritable areas

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

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

15.4.4 Track pitch between embossed HFM area and rewritable area

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

15.5 Track layout of HFM grooves

15.5.1 General

In thiq clause, only the encoding format of the data is described. The locations and)thejr content are
definef in Clause 18.

The dqta in HFM grooves is recorded in 4K partitions, called PIC clusters. Eagh'such PIC clyister contains
2 datal frames, each with 2 048 bytes of data. The error correction mechanisms used tp protect this
data ahd the procedures used to build up fully formatted partitions arelvery similar to thjose described
in Clayse 13.

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

For deftailed descriptions of the related processing steps anld applied codes, reference if made to the
descriptions in Clause 13.

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

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

15.5.2 Data format

15.5.2.1 Data frame

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

15.5.2.2 Scrambled data frame

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

Each 2 scrambled data frames are mapped into an array of 216 rows x 19 columns as described in 13.5
and indicated in Figure 23 (only columns 0..18).

15.5.2.4 LDC block
The next 32 rows with error-correction parities are added according to the procedure described in

13.6 and 13.7, with the difference being that there are only 19 columns (L = 0..18). The result of this
processing is a matrix of 248 rows x 19 columns.

15.5.2.5 Interleaving

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

Only the second interleaving step described in 13.8.3 is applied, where each successjverow is ghifted
one more byt¢ position to the left [shift = mod(k,19), in which k is the row number, 0 <k <'247]. Th¢ bytes
that shift out pt the left side are re-entered in the array from the right side (see Figtice 57).

<« 19 bytes -
<« shift0 €00 €01 €0,18 T
<« shift1 €11 €12 €148 €10
«shift 2 €22 €23 €218 €20 €21
<« shift 18 €1818 €180 €1817 248
<« shift0 €190 €191 €1918 rows
< phift mod(k,19)
< shift 18 Poasis | P2460 s |- P246,17
< shift 0 P70 | Pasis | o P247,18 s

Figure 57 — Interleaving of PIC LDC block

After this profcess, the bytes'are renumbered in the horizontal direction through all the rows regulting
in the numbering D, to Djwy} as indicated in Figure 56.

15.5.3 Addressing-and control data

15.5.3.1 Gerler4l

Unlike the format in rewritable areas of the disk, a BIS block is composed of 4 BIS code-words and filled
up with 8 addresses of 9 bytes each in 18 rows and 2 user-control data units of 24 bytes each in 12 rows

(see Figure 58).
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15.5.3

Comp4
by ong
numbe

< 4 columns >
0 1 2 3
T 0 AFy AFo3 AFo, AFo4 T
1 AFo4 AFo7 AFoe AFos
2 AF11 AFip AFi13 AFi1
3 AFi5 AF14 AF17 AF16
4 AF2,2 AF2,1 AF, 2,0 AFz,g
5 AF2,6 AF2,5 AF2,4 AF2,7
6 AF3,3 AF3,2 AF3,1 AF- 3,0
7 AF3,7 AF3,6 AF3,5 AF3,4
8 AF4,0 . . AF4,1 18 rows
9 AF44 : : Addresses
10 AFs, AFsp
11 AF5,5 : .
1 BIS 12 AFe2 AFe1 AFsp
code-word 13 AFeg : : :
=62 bytes 14 AF7,3 AF7,1 AF7,0
15 AF7,7 . .
16 AFs,o : . AF8,1
17 AFsy AFs7 AFgg AFgs d
18 UCop UC120 UCoya UC121
19 UC1,0 UC13,0 UC1,1 UC13,1 12 rpws
: : : : : User-(ontrol
28 UCi0p UCz20 UC1041 UCa221 Data
29 UC110 UCz23p UC111 UCz31 J
30 pbzoe pbzoa pbzoz pbzoz 1
31 pb31,o pb31,1 pb31,2 pb31,3 32 rows
: : : : : Parifies
J 61 pbe1o Pbe11 pbe12 pbe13 J
Code word Code word Code word Code word
0 1 2 3

.2 Address fields

rable to therewritable areas of the disk, where each 1/16 of a 64K cluster (=4K byte
address unit number (see 13.9.2), each 4K PIC cluster shall be identified by ong
r. Thése*address-unit numbers shall increase by 2 for each successive 4K PIC cluste

Each H

IEBIS block contains 8 repetitions (S = 0 .. 7) of the same address, where the flag

Figure 58 — PIC BIS block

5) is identified
address-unit

=

bits are used

to identify the repetition number: The address fields are derived through the primary address fields
(see 13.9) as follows:

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

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

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

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

AF, 5=PAF, g;

flag bits:

Bits b, to b; shall be reserved;
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Bits b, to b, shall be set to the binary value of S.
AF; ¢ = all bits inversion in PAF; g;
AF¢ ¢ = all bits inversion in PAF g;
PAFs ¢.. PAFg ¢ = parity bytes for forming an (9,5,5) RS code over the address field.

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

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

The bytes of addresses 0 to 3 are placed in a diagonal direction in the even numberéd-rows, sfarting
with byte 0 of address 0 in row 0, column 0 and each successive address being shiftedcyclically | more
position to the left (see Figure 58).

The bytes of hddresses 4 to 7 are placed in a diagonal direction in the oddiumbered rows, starting
with byte 0 ¢f address 4 in row 1, column 0 and each successive addfess shifted cyclically [Imore
position to the left.

Mathematicallly, this mapping of the address bytes into the PIC BIS cluster can be represented by
Formula (43):

byte AF, } shall be allocated in:
row r = 2[x x + div(y,4); and

column ¢ § mod|[(x + 8-y),4] (43)

15.5.3.3 User-control data

There are 2 uhits of user-control data,each consisting of 24 bytes. Bytes 0 to 11 of the first unit shall be
placed in column 0, rows 18 to 29 of the PIC BIS block and bytes 12 to 23 in column 1, rows 18 tg 29. In
the same way] bytes 0 to 11 of the'second unit shall be placed in column 2 and bytes 12 to 23 in dolumn
3 (see Figure p8). All bytes of Hoth user-control data units shall be reserved.

15.5.3.4 BIS|code-words

The PIC BIS block is‘eompleted by adding 32 rows with parity bytes (see Figure 58) according|to the
procedure degcribed'in 13.11 and 13.12, with the difference that there are only 4 columns (c = 0..B). The
result is now paatrix 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).

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

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

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

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

BIS Block BIS Cluster
i c=0 1 2 3 < 1byte =
r=0 0 93 62 31 Bo T
1 124 217 186 155 (
2 32 1 94 63
3 156 125 218 187
4 33 2 95 :
5 157 126 219 = Bi
6 34 3 :
7 158 127
8 4 35
9 128 159
10 5 :
11 129 Bi23 244
12 6 N B124 rowp
13 130 :
53 243
54 120 27
55 244
56 28 121 =
57 152 245
58 60 29 122
59 184 153 246
60 92 61 30 123 :
61 216 | 185 | 154 | 247 B247 {
Figure 59 — Reading order for constructing PIC BIS cluster

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 pattern, are
converted into modulation bits by applying a biphase modulation method. In this modulation method,
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a bit with value ZERO is represented by transitions at the start of the bit cell and a bit with value ONE
is represented by a transition at the start and in the middle of the bit cell (see example in Figure 60).
The modulated bits are recorded on the disk by a deviation of the groove from its average centrelines
as indicated in Figure 60. The length of each bit cell shall be 36T, where T corresponds to the length of a
channel bit in the rewritable areas.

Example of data bit stream

0 1 0 1 1 0
Average \ J J
Groove —- | mimimim e e s e e =
centr \
<> | ——>
36 T 36T
Figure 60 — Biphase modulated HFM groove
15.5.4.3 Frame sync

Each recordiy
are replaced

(see Figure 61: two possible patterns depending on the initial phase).

Sync pattern

g frame starts with a synchronization pattern equivalent to 8 data bits. The first
by 4-bit cells with a special pattern that violates, the normal biphase encoding

v

A

Data

Sync body

» | <
P | &«

Sync identification

v

A

IDg

IDq

ID,

Parity

AT

4 bits
F rules

hta

Figure 61 — Biphase synchronization pattern

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

ID1

ID2

Parity

FSO

FS1

FS2

FS3

FS4

FS5

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

FS6

==l =] e}

OIR|IO|IFRIOIrRIO

OO Ok |R|IO

Figure 62 — Sync identification

By me
31 reg
(see 11

The 31
Syncp
The ot

Figure 63 — Mapping of sync patterns on PIC recording frames

lght groups of

e of the

ans of the PIC BIS column, the 248 rows of a PIC cluster can be divided into ‘ei
ording frames, where each group of recording frames carries an address)in itg first 9 rows
.5.3.5).
successive recording frames of each such group are identified by a special sequen
htterns (see also 13.17.4). The first recording frame of each group has the unique syrc pattern FSO.
her sync patterns are mapped as specified in Figure 63.
Frame number | Syncnumber | 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 ES#4 21 FS6

7 FS1 22 FS5

8 FS5 23 FS1

9 FS5 24 FS1

10 FS4 25 FS6

11 FS3 26 FS2

12 FS4 27 FS6

13 FS6 28 FS4

14 FS6 29 FS4

15 FS3 30 FS2

15.6 Track layout of wobbled grooves

15.6.1

General

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

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

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

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

15.6.2.1 General

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

Some wobbles are modulated, and 2 modulation methods shall be used simultaneously as follows:
— the first modulation method is called “MSK-cos” (minimum-shift keying — cosine variant); and

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

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

15.6.2.2 MSK-cos modulation

MSK-cos modjulation is applied by replacing three consecutive monotone wobbles by one MSK mark
(MM). An MYK mark consists of three nominal wobble lengths (NWL) with the following yobble
patterns as injdicated in Figure 64:

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

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

wobble:
-cos(ZrX f - xt)
\S/\tili)tb?is wobble: ’ wobble:
+cos(2m x (1,5 x f, 5 )% t) -cos(2m x (1,5 x f,,) x £)
inner side ¢
Of dlS}f — > | — | —>

VTN
| A

outer side [[——<=>|«——>| < > | —> | <—F

of disk '\\ MSK Mark (MM) /'/v
Manotanao o hhlaoc (MIAD: oot £ £)
Monotone-wobbles{MWi—eos{2axf— 43

Figure 64 — Definition of MSK mark (on groove)

15.6.2.3 HMW modulation

HMW modulation is applied by replacing a number of consecutive monotone wobbles with the same
number of saw-tooth wobbles (STW). A saw-tooth wobble is formed by combining the basic cosine with
a sine wave of the doubled frequency as per Formula (47):

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

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

repres

+COS(2T[ ><j‘-wcnb>< t) +tax Sin[ZT[ X (2 >(f~wob) x t]

inner

of disk

“w,n

+ or

« n

“«,n «w n

ent a bit value ZERO (see Figure 65).

¢ ZERO

<«

v
ZERO

side ONE ¥ ¥ ONE

A

-/

sign creates a left
sign is used to

+COS(2T0 % fp, % £) - @ X SIN[2T0 % (2 % f) % £]

VAN

outer
of dis

15.6.3

When
deviat

When
deviat

15.7 |

15.7.1

The d:
is deri
corres

Y
side

N
> >

A

4 t
Wh Wobbles T

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

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

Wobble polarity

push-pull polarity (see 26.1) is negativé/then the wobble groove shall start its
on towards the outer side of the disk.

push-pull polarity (see 26.1) is positive, then the wobble groove shall start it{
on towards inner side of the disk.

ADIP information

General

ita to be recorded onto the disk shall be aligned with the ADIP addresses. The
ved from ADIP symbols modulated in the wobble (see Figure 70). Therefore, 5
pond to, 2«recording frames (see 13.15). Each group of such 56 NWLs is called

(see Figure 66).

Saw $ooth W

\

first wobble

first wobble

ADIP address
b NWLs shall
an ADIP unit
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2 Recording Frames
< 1 932 Channel bits > € 1 932 Channel bits —™>
Sync Data Sync Data
<«R~95— <« *95—
wobbles wobbles
one ADIP Unit Cg
< 56 NWL’s NS
PN}

Figure 66 — General ADIP structure

15.7.2 ADIP}{unit types

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

The ADIP units representing a data bit are additionally medulated with STWs.
Furthermore,a reference STW unit is defined. Each tyjpe of ADIP unit starts with an MM.
The following types of ADIP units are defined (se€Figure 67):

— Monotong unit: consisting of one MM followed by 53 MWs;

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

— Sync_0 unit: consisting of oneMM followed by 13 MWs, one MM, 7 MWs, one MM and 27 MW;

2]
<=

— Sync_1 uit: consisting of one MM followed by 15 MWs, one MM, 7 MWs, one MM and 25 MW,
— Sync_2 unit: consisting.of one MM followed by 17 MWs, one MM, 7 MWs, one MM and 23 MW,

2]
<

— Sync_3 unit: consisting of one MM followed by 19 MWs, one MM, 7 MWs, one MM and 21 MW,

z

— Data_x unjitywith x representing 1 or 0:

— Data_1 unit: consisting of one MM followed by 9 MWs, one MM, 3 MWs, 37 STWs and one MW;
— Data_0 unit: consisting of one MM followed by 11 MWs, one MM, one MW, 37 STWs and one MW.

The 4 Sync units are used for synchronization purposes, the Data_1 unit is used to represent a bit value
ONE and the Data_0 unit is used to represent a bit value ZERO.
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NWL number 0.... 3.. 18 w55
Monotone Unit I HEEEEEEEEEEEEEEEEEEEEEEEEEEEEEERREEEEE
Reference Unit I [ T NRARNRRRRNRRRRNNNRANANRNARNANNRAANRRRRN

[TTITTITTITIT |
[TTITTITTITIT |
Sync OUnit M [TTTTTTTTIT] HEEEEE  EREREEEEEEREEEEEEREEEEEREEE
Sync_1 Unit -IHHHHHlmllllll-lHHHHHHHHHHHl
Sync2Unit B TTTTTTTTTTT T M T T IIITIITITTIITIIT]]
Sync3Unit W TTTTTTTTTIITITI{TT T MW TTITTITTTITITIITITIT]]
Data_0Unit I TTTTTTTTT [ M NARRRRRARRRRRANRRNRRAARRARRARARRRRRRRNRN] ]
[TTTTTTI |

Data_1 Unit [ | O 4 A4 VA VAV VA VA VA VA VA VA VA VA VA VA VA VA VA VA VA VAV VAV VA VA VA VAVA VAVA VA VYA VA

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

Figure 67 — ADIP-unit types

15.7.3] ADIP word structure

83 AD|P units are grouped into one ADIP word each. This medis that 3 ADIP words ¢orrespond to
3 x 83|x 2 =498 recording frames, which is equivalent to onefecording-unit block (RUB) [see 14.2).

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

15.7.4.1 General

Each ADIP word contains in a total of 60 bits, which forms a code word, according to a non-systematic
Reed-Solomon error-correction code. This code word is constructed from 36 information bits. Before
encoding the information, the 36 information bits are ordered into 9 4-bit nibbles n,, to ng as defined in
the array of Figure 69.
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Nibble bs b2 b1 bo
no AS23 AS22 AS21 AS20 0
ng AS19 AS18 : : 6 nibbles ADIP
: : : : : symbol
ns AS3 : : AsO |1
e AX11 : : : 0
: : : : : 3 nibbles AUX data
ng AX3 : : AX0 |V

Figure 69 — ADIP-information structure

The nibbles n, to ng are transcoded to nibbles ¢, to c;4 by the error correction system (see 15.7.5).
Becauge the error correction system is non-systematic, there is no simple direct relatiorjship between
the bits in the information array and the coded bits in the ADIP unit.

15.7.4.2 ADIP information bit assignments
The information contained in the ADIP data bits shall be as follows:

— AY$23..AS0: These 24 bits shall contain the physical ADIP symbol (PAS). AS23 shall bge the msb and
AS0 shall be the Isb. These symbols are converted ffom the physical ADIP address (PAA) as follows
(s¢e Figure 70 and Figure 71).

setto
Layer number f)e()t E)Ol, 10

sequential number :
e comsecutively
—
MSB LSB l

o}}h

A ATAJATA A A A A AJA
Physifal ADIP address A AfAJA|A A A A A AlA
2 2212]2 1 1 8 7 201
3[2]1]0 6 5
iy [|
Physical ADIP Symbol ""111
A[AJA[A A A A A
: s|s|s|s S S S S
If AIA22 is equal to AA21)then S HHE 1 1 5 0
321110 6 5
I i R !
AN TR RN EEEREERE Polr oy esdttoll
Y¥¥ vyyYwy YYYYYYYY YYYYYYHY
ATATATA A A A A AJAIR
If AIA22 is hot equal to AA21, then [s|S|S|S S S S S sis|s
2(2]2]2 1 1 8 7 2110
'\_ 3|2]1]0 6 5 | _j

Figure 70 — Relation between PAA and PAS
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Layer

[AA22, AA21] in

Physical

ADIPAddress (PAA)

structure LO L1 L2
Inner Outer § Outer Inner § Inner Outer
PAA=0200000h PAA=0A00000h
[0,0] PAA = 0 5FFF FEh [0,0]

[0,1] [1,1] [0,1]

[1,0]

Figure 71 — Combination of AA22 and AA21

— AA24.AAO: These 25 bits shall contain the physical ADIP address (PAA). AA24 shall be the'm
AAO shallbe the Isb. This address shall consist of three parts:

one

AA1,]
word

The first add
zone, which is
layer LO (LAA

The first addr
The last addr

The first addn
The last addr{

AX11..A

In {

In {

AA24..AA22: These 3 bits shall indicate the layer number and shall be set tg*000, 001 a
on layer LO, layer L1 and layer L2, respectively. All other settings shall bereserved;

AA21..AA2: These 20 bits shall contain a sequential number, which{number shall incre

ter each 3 consecutive ADIP words (synchronized to the RUBS,'see 14.2);

AAO: These 2 bits shall be set to 00, 01 and 10 consecutively in each 3 successiv
s corresponding to one RUB. The setting 11 shall not béused.

"ess in the information zone on layer LO shall be\such that the first address in th
PAA 0 02 00 00h, is located at radius 24,0_?)‘2 mm . The last address of the data z

) shall be located at a radius <58,1 mm.

ess of the data zone on layer L1 (FAA) shall be located at a radius <58,1 mm.

ess of the data zone on layer;:2 (0 82 00 00h) shall be located at a radius 24,0_%’2 1
ss of the data zone on layer L2 (LAA + 0 80 00 00h) shall be located at a radius <58

X0: These 12 bits contain auxiliary information about the disk;
he data zone(s) and outer zone(s) of the disk, the auxiliary bits shall be set to ZERO
he inner.zone(s) of the disk, the auxiliary bits shall be used as follows:

AXT1..AX0 from 96 consecutive ADIP words (equivalent to 32 RUB’s) shall form o
ADIP aux frame with 144 hytes:

ss of the data zone on layer L1 (0~7D FF FEh) shall be located at a radius 24,0_%’2 nm .

sb and

hd 010

ase by

e ADIP

e data
pne on

nm .

1 mm.

The first bits of each ADIP aux frame shall be located in an ADIP word with a PAA which

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

The content of the 144 bytes are defined in 15.7.

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

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

Layer number Sequence number Intra-RUB number
PAA, on Layer LO AA24..AA22 =000 AA21.AA2 ‘?erin"L\lﬁ gezr(zg’(())&ég
PAA, on Layer L1 AA24..AA22=001 AA21..AA2 ‘?erjrln’A(ﬁl 2;?31?111;19
PAA, on Layer L2 AA24..AA22=010 AA21.AA2 érﬁ%n% 2;2{?’03&23

Layer LO First address Lastaddress
0020000h ... PAA | .. LAA
Inner Zone I I I Outer Zonp
Layer L1 Last address First address
07DFFFEh .. PAA, | . FAA
Inner Zone ) T T | Outer Zong
J J J
Layer L2 First address Last address
0820000h ... PAA; | < LAA + 08000 00h

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

Mathematically, this can be expressed in the following way.

After 3dding 1 80 00 01h to PAA,, all 25 bits are inverted, resulting directly in the full qorresponding
addregs PAA; on layer L1 [see Formula (48)].

PAA, =PAA,+1800001h (48)

(The addition of 1 corrects _for the order of the intra-RUB numbers, while the addition df 1 80 00 00h
takes ¢are of the correctlayer number.)

In this|way, the lastaddress of data zone 1 can be derived as Formula (49):

071DFFFEh=0020000h+1800001h (49)

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

FAA=LAA+1800001h (50)

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

15.7.5 ADIP error correction
The error correction system is a nibble-based (15,9,7) non-systematic Reed-Solomon (RS) code defined

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

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

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

14 7
C(x)= Y gxx141 =Y "n; gl (x)+ngx g, (x) (52)
i=0 i=0

where

gp(x) is fhe parent generator polynomial:

13

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

gW(x) is deriyed from the parent generator polynomial gp(x) by-Temoving one of the zeroes z; cfgp(x)
and normaliz{ng the result such that g@(z,) = 1. The zero Z todbe'temoved is given by Formula | B):

z; = qi*6 (53)

The generatof polynomials are then calculated as pér Formula (54):

(1)
g0 ()= ﬁ@ (54)
where
g (x):-gp (%) ; and
X_Zi
Bi=3"[g]-

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

Remark 1

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

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

n, =S, =C(a*°) Zc <o) (55)
Here, ng is a systematic symbol and can be obtained from C(x) directly by copying symbol c,,.

Remark 2
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Each information symbol n; corresponds to a zero in the parent generator polynomial g, (x). Figure 73
gives the corresponding zero factor for each information symbol (note that ng does not have a
corresponding zero).

If an i
corres

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

Figure 73 — Corresponding zero factorfor each information symbol

hformation symbol is known and its correspending zero extends the existing sefies of zeroes
ponding to (x - @) .. (x - @®) .., the Hamming distance increases. For instance, if n,|is known, the

Hammling distance becomes d = 8. If both ny and\n, are known, the Hamming distance becdmes d = 9, etc.

In oth
code. |

This p
15.8 |

15.8.1

The in
frames

Figure
blocks

General

shall-have the same content.

Disk information in ADIP aux frame

er words, prior knowledge of information symbols can increase the Hamming djstance of the
ecause the addresses in the ADIP-increase linearly, such prior knowledge is present.

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

formation-nibbles from the auxiliary fields of 96 consecutive ADIP words are|grouped into
of byteS and carry several disk parameters. The nibbles are re-ordered into byte according to
| 74. Several disk information (DI) aux frames can be grouped into a DI block. All disk-information
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B
e be bs be | bs bz by bo
AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
0 word1l | word1l | word1 | word1l | word1l | word1 | word1 | word 1
AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
1 word1l | word1l | word1 | word1 | word?2 | word2 | word 2 | word 2
AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
2 word2 | word2 | word2 | word2 | word2 | word2 | word 2 | word 2
AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
3 word3 | word3 | word3 | word3 | word3 | word3 | word3 | word 3
AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
141 word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word 95
AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
142 word 95 | word 95 | word 95 | word 95 | word 96 | word/96.| word 96 | word 96|
AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
143 word 96 | word 96 | word 96 | word 96 | word 96 | werd 96 | word 96 | word 96|

Figure 74 — ADIP aux frame byte'ordering

15.8.2 Erroy protection for disk information aux frames

The DI aux frg
such a long-d

represent the

and bytes p,yf | . D247 represent the parity bytes.

mes are protected by a long-distangg"RS error-correction code according to 13.7. B
stance code is built up from 248-hytes, 104 dummy bytes (not recorded on the di
added to complete the long-distance DI auxffame code-words (see Figure 75). Bytes e ; .. €193 |
dummy bytes (all set to FEh), bytes e;g, ; ..€;15, represent the disk-information

Pcause
5k) are
n13.7
bytes,

DI Block
DI Aux Frpme | DI Aux Frame | DI Aux Frame DI Aux Frame | DI Aux Frame
N-1 Q 1 N-1 0
/ \\l
< —Duwmmy-bytes: — +- DA Eramefrom-disk: >
104 bytes added to each DI Aux Frame 96 ADIP words x 12 bits = 144 bytes
FFh Disk Information Unit (112 bytes) Parity
216 <— 32—
Long-Distance Error-Correction code word

90

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

.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 LO, from PAA 0 7E 00 00h on layer L1, and from PAA 0 81 B8 00h on layer L2.

From the starting PAA of protection-zone 2 to PAA 0 01 B7 FEh of layer L0 (see Figure 87), from PAA 0

7E 48 POh to the last PAA of protection-zone 1 of layer L1 (see Figure 88), and from the-sf

prote

ion-zone 1 to PAA 0 81 B7 FEh of layer L2 (see Figure 89), the auxiliary bits can be

can coptain DI aux frames (such that the sequence is contiguous with a DI aux framge-0 at

specif

The 11
unit sh

DI uni
units t

Byte 2
types

If the 1
consed
contin

An ex3

ed above).

2 disk-Information bytes in each DI aux frame are called a disk inférmation (DI)
all start with 8 bytes, forming the unit header (see 15.8.3.2).

hat have different definitions for their content, a unique idehtification of such DI uy

in the DI-unit header, the DI-format number, shall be used for this purpose. With
bf DI units with different content can be distinguisheéd.

jumber of parameters of a single set do not fit inf@né DI unit, such a set shall be stor
utive DI units, in which case bit b, of byte 6 indicates that the next DI unit in the
llation of the actual one.

mple usage of DI units for write a strategy is given in 15.8.3.8. Whenever new DI a

arting PAA of
set to ZERO or
the addresses

unit. Each DI

's can contain different sets of parameters, such as different\write strategies. To ¢listinguish DI

its is needed.

this byte, 256

ed in multiple
sequence is a

ux frames are

added] the existing ones can still be used-if appropriate and, this way, backwards compatibility with
existing drives can be facilitated. Each.drive should check all DI aux frames present on|the disk and,
based jon the DI-format number (byte 2) and the indicated recording velocity (bytes 28|and 29), only
use th¢ ones that it is supporting (see also 15.8.3).
15.8.3.2 General definitionsfor DI units
Each OI unit shall consistot a header, a body and a footer as depicted in Figure 76.
Byte.ntimber Content Nymber
of|bytes
Oto1l Disk-Information identifier 2
2 DI-Format Number 1
Number of DI Aux Frames in each DI Block (5 bits)
3 TTTTTTT o aabackh e MT Tt o] (2 Lt 1
Nurrrerofthetayerto-which-this DHnitapphes3-bits)
Header 4 Reserved 1
5 DI-Unit sequence number in DI Block 1
6 Continuation flag (1 bit) 1
Number of DI bytes in use in this DI Unit (7 bits)
Reserved 1
Body 8 to 99 DI-Unit content 92
100 to 105 | Disk-Manufacturer ID 6
Footer 106 to 108 |Media-Type ID 3
109to 110 |Time stamp 2
111 Product Revision number 1

Figure 76 — General DI-unit format
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Bytes 0 to 1:

Byte 2:

NOTE

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

DI-format number

This byte shall identify the content of the DI unit or DI unit set (see description of byte

6).
For disks with BCA code the msb of this byte shall be set to ZERO.
For disks without BCA code the msb of this byte shall be set to ONE.

number and the version number as defined in byte 11.

The DI-format number only defines the content of the DI unit and has no relation with the class

To prevent bgckwards compatibility problems of newer disks with older drives as much as pes

class number

The class numn
by legacy driy
to the drive).

and a version number have been introduced.

berisincremented if a BD layer according to the new specifications shouldmotbe ac
es at all, neither for reading nor for writing (e.g. to prevent possible damtage to the

If the read co:r

The version

class number]
write-compat]
a DI unit acco
strategy as de

Consequently|
to the drive.

requirements
capabilities o

By using the
future disks @

Each layer tyj
number is als

Byte 3:

Bits b, to bf:

Bits b, to b}:

umber is incremented if the new specifications imply an extension/change for wk
update is needed (read compatibility is kept), but whichnew specifications rest
ibility break. Although such a BD layer carries a higher ¥ersion number, it can still g
"ding to a previously defined DI format if this layer can be recorded according to thg
fined in such DI unit.

drives should always check for the presence ofa DI unit with a DI-format number
n such cases, the recording parameters (€:g: recording speed, recording power,

needed to set the related write strategy can be checked and if these are wit}
the drive, the drive should accept thedisk for recording.

class number and the version number as described above, backwards compatib
an be maximized, while preventing possible damage to disks and drives.

e (defined by bytes 8 to 10) has its own independent DI-format numbering. The DI-
b an indication of the wtite strategy type, which is specified in the DI unit.

unit applies
These b bits specify the number of DI aux frames N in each DI block (1 < N < 31)

These 3 bits specify the number of the recording layer to which the specificatio
this DI unit apply.

bible, a

cessed
Hisk or

patibility can be kept by conforming to an existing class, no new.class number is nfeeded.

ich no
Itin a
ontain
P write

known
timing
in the

lity of

format

Number of DFaux frames in each DI block/Number of the layer to which this DI

ns in

Byte 4:

Byte 5:

92

Reserved
This byte shall be set to 00h.

DI-unit sequence number in DI block
This byte specifies the sequential DI unit number within the DI block.

It shall be set to a number n, where n indicates the actual number of the DI unit within

the actual DI block (0 < n < N-1).
The sequence of DI units shall be ordered (see Figure 77) first according to incr

easing

nominal recording velocity (byte 28 and 29), then, within each sequence of DI units
with the same nominal recording velocity, according to increasing reading velocity,
according to ascending layer number (byte 3) and last according to the preference of
the write strategy (identified by the DI-format number, but need not to be in sequence

of DI-format numbers).
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Sequence number Recording Velocity| Reading Velocity | Layer number Write strategy
0 v,(=v1) 0 preferred WS
1 alternative WS
: 1 preferred WS
k-1 alternative WS
k preferred WS
alternative WS
: 1 preferjred WS
2k-1 alterngtive WS
2k & Viz > Vi1 0 preferred WS
alterngtive WS
1 preferjred WS
alterngtive WS
preferred WS
alterngtive WS
1 preferjred WS
4k-1 alterngtive WS
4k Vr3(=¥2) 0 most prefferred WS
k-1 least preferred WS
V2>V
Vi4 > Vi3 0 most prefferred WS
8k-1 k-1 least preferred WS
Vg > V2 0
N-1 etc. etc.
Figure 77 — Example of DI-block sequence
Byte §: Continuation flag/Number of DI bytes in use in this DI unit
Bit b This bit specifies if the parameter set in this DI unit is continued in the next DI unit or
if the next DI unit is the start of a new set of parameters.
It shall be set to as follows:
ZERO if the next DI unit is the start of a new set of parameters; and
ONE if the parameter set in this DI unit is continued in the next DI unit (see Fig-
ure 78).
Bits bg to by:  These 7 bits indicate the number of bytes in use in the actual DI unit up to the last

unused (Reserved) bytes immediately preceding the footer (see e.g. Figure 79).
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Byte 2 =..

Byte 3 =N/LO

Byte 5 =n-1

Byte 6, bitb7 =0 end of preceding parameter set
T Byte 2 =x start of actual parameter set

Byte 3 =N/L1 :

Byte5=n

Byte 6, bitb; =1

Parameter set | Byte 2 =x

for Layer L1 | Byte3=N/L1 continuation of actual parameter
spars3-H Byte-5=+++ Set
Units Byte 6, bitb; =1

Byte 2 =x
Byte 3 =N/L1
Byte 5 = n+2 :

J Byte 6, bitb; =0 end of actual parameter set
Byte2 =.. start of next parameter set
Byte 3 =N/L2
Byte 5 =n+3

Byte 6, bit by=..

Figure 78 — Example of DI-unit extension

Byte 7: Reserved
This byte shall be set to 00h.

Bytes 8 to 99: DI-unit content
These 92 bytes shall store“the specific content of the DI unit, for example|gen-
eral disk parameters,read/write powers and write strategy parameters.

Bytes 100 to(105: Disk-manufacturer ID
The format and the content of these 6 bytes require agreement between the
interchange parties, else these bytes shall be set to all 00h.

Bytes 106 to(108: Media-type ID
The format and the content of these 3 bytes require agreement between the
interchange parties, else these bytes shall be set to all 00h.
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Bytes 109 to 110: Time stamp

These 2 bytes provide information about the production date of the mas-
ter disk from which this disk has been replicated. All disks with the same
disk-manufacturer ID and the same media-type ID, regardless of the time
stamp, shall have the same recording properties (only minor differences are

allowed: the time stamp shall be irrelevant for recorders).

Bits b, to b, of byte 109 plus bits b, to b, of byte 110 shall form one 12-bit binary number repre-

senting the year of production.

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

If Ll dian cbaaa 1ot o A baoth butac chall ba cat ANL
He-—tt St DYy teS-Stiaro L vav
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Byte 111: Product revision number

This byte shall identify the product revision number in binafry not
disks with the same disk-manufacturer ID and the same’/media-ty
less of the product revision numbers, shall have the same recordi
(only minor differences are allowed: product revision numbers sh
vant for recorders).

The content of this byte can be chosen freely)by the disk manufact
document does not specify the format ard the content of this byte
ignored in interchange.

15.8.3{3 Definitions for DI format 4 (Extended N-1 write strategy)

The content of the body of DI units according to format 4 shall be as depicted in Figure 79

ation. All

be ID, regard-
|g properties
hll be irrele-

urer. This
It shall be
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Byte number Content Number of bytes
0to7 DI-Unit header 8
8to 10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded Mark polarity flag bits 1
16 BCA descriptor 1
17to 18 Reserved 2
19 to 6 Data=Zomeattocation 8
27 Reserved 1
28to 29 Recording Velocities 2
30 Maximum dc read power 1
31 Maximum HF-modulated read power 1
32 Reserved 1
33to41 Write-power settings 9
42 Tump write multi-pulse duration 1
43to 47 dTup first-write-pulse start time 5
48to $2 Tiop first-write-pulse duration 5
53 to %5 dTyp last write pulse start time 3
56 to %8 Tip last pulse duration 3
59 to 63 dTe start time of the erase level 5
64 Reserved 1
65to 72 apnd 73 | AdT:p first write-pulse start time offsét 8,5
(msb 4Hits)
73 (Isb 4pits) | ATuwp first write-pulse duration-offset 7,5
and 74 tp 80
81 to 84 apd 85 | AdTip last-pulse start time offset 4,5
(msb 4Hits)
85 (Isb 4pits) | ATiplast-pulse duration offset 4,5
and 86 tp 89
90 to 97 apd 98 | AdTg start time ‘offset of the erase level 8,5
(msb 4Hits)
98 (Isb 4pits) | Reserved 0,5
99 Reserved 1
DL Unit footer 12
Figure 79 — Content of disk information for DI format 4
Bytes 0 to 1: Disk-information identifier
See 15.8.3.2.
Byte 2: DI-format number
This byte shall be set to 04h for disks with BCA code.
This byte shall be set to 84h for the disks without BCA code.
Byte 3: Number of DI aux frames in each DI block/Number of the layer to which this
DI unit applies
See 15.8.3.2.
Byte 4: Reserved
See 15.8.3.2.

96 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 30193:2020(E)

Byte 5: DI-unit sequence number in DI block
See 15.8.3.2.
Byte 6: Continuation flag/Number of DI bytes in use in this DI unit
This byte shall be set to 63h indicating that the first 99 bytes of the DI unit are
used and that there is no continuation in the next DI unit. All remaining bytes of
the DI unit body (excluding the bytes in the DI unit footer) are unused and shall be
set to 00h.
Byte 7: Reserved
See 15.8.3.2.
Bytes(8 to 10: BD layer type identifier
These three bytes identify the type of the BD layer to which this-Dlupit applies
and shall be set to 42 44 57h, representing the characters “BDW."in gach rewrita-
ble layer.
Byte 11: Disk size/Class/Version
Bitg b, to bg: These 2 bits specify the disk size. They shall be setto’00, indicating a|120 mm disk.
Bitgbs to by: These 2 bits specify the class number. The class’/number identifies BI} layers of the
same layer type but with different basic specifications.
BD layers according to this documentshall have these bits set to 01.
Drives not familiar with a particularclass of layers should not access|{the data
zone of such layers (neither for reading, nor for writing).
Bitg b to by: These 4 bits specify the version number. They shall be set to 0011, inflicating a
layer according to this document.
Byte 12: BD structure
Bitgb, 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.
Bitgb; to by: These4 bits specify the type of BD recording/recorded layer to which this DI unit
applies.
Bits b; to b, shall be set to 0100, indicating a rewritable recording layer.
Byte 13: Channel-bit length
Bits|b, te-by: These 4 bits shall be set to 0000.
Bits|b3-to by: These 4 bits specify the main data channel-bit length. which shall be fthe 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 GB per layer), and
Other settings: reserved.
Byte 14: Push-pull polarity flag bits
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Bitb;:

Byte 15:

Bitb;:

Each bit b; shall specify the polarity of the push-pull signal on recorded layer Li

see 26.1). They shall be set to as follows:
ZERO, indicating that the push-pull polarity on layer Li is positive;

ONE, indicating that the push-pull polarity on layer Li is negative;
For recording layers that are not present, bit b; shall be set to ZERO;
For this document, this byte shall be set to 00h.

Recorded-mark polarity flag bits

Each bit b; shall specify the polarity of the recorded marks on recording layer Li.

Byte 16:
Bits b, to b},

Bits b3 to b}:

=}

Bytes 17 to 18:

Bytes 19 to 26

Bytes 19 tq 22:

They shall be set to ZERO, indicating a layer type on which recorded marks have a

lower reflectivity than the unrecorded layer (HTL disks),

ONE, indicating a layer type on which recorded marks have a highersreflecti
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.

BCA descriptor
These 4 bits shall be reserved.

These 4 bits indicate the presence of a BCACode on this disk:
They shall be set to as follows:

0000: indicating no BCA code;

0001: indicating BCA code is present;

Other settings: reserved.

Reserved
These bytes shall be set to all 00h.

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

In eaeh DI unit relating to layer L0, these bytes shall be set to 00 02 00 00h i
cating PAA 131 072 as the first PAA of the data zone 0.

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

ity

fhe

ndi-

hich
I, indi-

98

In each DI unit relating to layer L2, these bytes shall be set to 00 82 00 00h indi-

cating PAA 8 519 680 as the first PAA of the data zone 2.
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These bytes shall specify the last physical ADIP address of the data z
related layer.

In each DI unit relating to layer L0, these bytes shall be set to a value

one of the

LAA, which

shall be 00 21 13 7Eh for a disk with a user data capacity of 33,4 GB per layer, indi-

cating PAA 2 167 678 for 33,4 GB per layer as the last PAA of the data

zone 0.

In each DI unit relating to layer L1, these bytes shall be set to 00 7D FF FEh indi-

cating PAA 8 257 534 as the last PAA of the data zone 1.

In each DI unit relating to layer L2, these bytes shall be set to the value LAA + 00
80 00 00h, which shall be 00 A1 13 7E h for a disk with a user data capacity of 33,4
GB per layer, indicating PAA 10 556 286 for 33,4 GB per layer as the last PAA of the

Byte 2

Bytes

Byte 3

NOTE
power

Byte 3

data zone 2.
7: Reserved
This byte shall be set to 00h.

28 to 29: Recording velocity
These bytes shall specify the nominal recording velocity, to be used ¥

rameters as defined in this DI unit, as a 2-byte bigary number (byte ’
It shall specify the nominal recording velocity as:a number n such thz
n=100xV, .

n shall be equal to 02 E2h to indicate a nominal recording velocity of

0: Maximum dc read power at thenominal recording velocity

The maximum read power is defined as the maximum optical power
trance surface of the disk, abwhich at least 100 successive reads can |
without degrading the recerded signals (see 30.7). Maximum read pq
clause shall be greater.than or equal to the read powers defined in 3(
the powers defined in30.7 shall be used.

This byte shall specify the dc read power P,. at a readout velocity eqy
nominal recording velocity defined in byte 28 and 29 of this DI unit.
expression‘ofthis byte is as follows:

n =100 x.P, where P, is expressed in milliwatt.

For reading atllower speeds than the nominal velocity specified in this DI unit, a reduc
Can be necessary-to guarantee the stability of recordings on the disk.

1: Maximum HF-modulated read powers at the nominal recordil

The maximum read power is defined as the maximum optical pow
entrance surface of the disk, at which at least 10° successive reads

plied without degrading recorded signals (see 30.7). Maximum re

vith the pa-
8 is MSB).

t:

7,38 m/s.

on the en-

be applied
wers in this
).7. By default,

al to the
['he decimal

Fion of the read

hg velocity

er on the
can be ap-
nd powers in

NOTE

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 the same

readout velocity as the nominal recording velocity defined in byte
this DI unit. The decimal expression of this byte is as follows:

n =100 x P, where the unit of P, is milliwatt.

28 and 29 of

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 the recordings on the disk.
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Byte 32:

Bytes 33 to 41:

Bytes 33 to 34:

Reserved
This byte shall be set to 00h.

Write-power settings

Pyyp: Piyp can be used as a starting value for the determination of Py, g in the
OPC procedure (see Annex G).

These bytes shall specify the indicative value Pyyp of Py, g in milliwatts as a
number n such that:

n=20x Pp.

Byte 35:

Byte 36:

Byte 37:

Byte 38:

Byte 39:

Byte 40:

Byte 41:

Byte 42:

bit b; of Byte 33 is msb and bit b0 of Byte 34 is Isb.

myyp: Mpyp €an be used as a starting value for the determination of P, n the

OPC procedure (see Annex G).

arget |

This byte shall specify the modulation at Py as determinedcy the media manu-
facturer as a number n such that:

n =200 x myyp.
p: This byte shall specify the write-power multiplication factor p used in the OPC
algorithm (see Annex G) as a number n such that:
n=100 x p.

egw: This byte shall specify the write-bias/write-peak power ratio &gy, us¢d in
the OPC algorithm (see Annex G) as ashumber n such that:
£c: This byte shall specify thescooling/write-peak power ratio . used in thle OPC
algorithm (see Annex G) as:@ number n such that:
n=200 x &.

€g: This byte shalkspecify the erase/write-peak power ratio €; used in the|OPC
algorithm (see Arinex G) as a number n such that:
n =200 x &.

k: Thisbyte shall specify the target value for x used in the OPC procedure
(seé:Annex G) as a number n such thatn = 20 x k.

This byte shall be reserved.

Typ write multi-pulse duration

100

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

The first 5 bits (bits b, to b3) of this byte shall specify the fraction of the actual
channel-bit clock period, as an unsigned binary number p, such that:

T,
p:32x% (0 < p < 30).

w
The last 3 bits (bits b, to b)) of this byte shall be reserved.
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Bytes 43 to 63:

Bytes 43 to 47:

Byt

Byt

Byt

Byt

Byt

Bytes 48 to 52:
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In these bytes, Anchor position or duration time is defined for dT,,, T,

Ty p and dTg.

Anchor position means the leading-edge position of each write puls
ure F.1).

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

dT,

top first-write-pulse start time

top, dTLP,

e (see Fig-

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-1 write strategy, for recording
marks with run-lengths 2T, 3T, 4T and =5T with a preceding 25T space (positive

b 4.3:

p 4.4

b 45:

p 4.6:

b 4.7

values are leading, negative values are lagging; see Annex F).

The first pulse start time dT,, shall specify a fraction of the actual
clock period, as a signed two’s-complement binary number g, such {

dT
a=32x —% (228 <a<30).
W

The last 2 bits (bits b; to b)) of these bytes shalkbereserved.

This byte shall specify the start time of the.pulse for recording mar
length 2T with a succeeding 2T space, relative to the trailing edge d
channel bit of the data pulse (positive values are leading, negative ¥
lagging; see Annex F).

This byte shall specify the start time of the pulse for recording mar
length 2T with a succeeding 23T space, relative to the trailing edge
channel bit of the data pulse (positive values are leading, negative
lagging; see Annex F).

This byte shall specify the start time of the first pulse of the multi-
recording marks of run-length 3T, relative to the trailing edge of th
nel bit of the data pulse (positive values are leading, negative value
see Annex FJ;

This byte“shall specify the start time of the first pulse of the multi-
recording marks of run-length 4T, relative to the trailing edge of th
nel bit of the data pulse (positive values are leading, negative value
sée Annex F).

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

channel-bit
hat:

ks of run-
f the first
alues are

ks of run-
of the first
alues are

ulse train for
b first chan-
5 are lagging;

ulse train for
b first chan-
5 are lagging;

ulse train
of the first
alues are

Tiop first write-pulse duration

The first 6 bits (bits b, to b,) of these bytes specify the duration of the first pulse
of the multi-pulse train, in the extended N-1 write strategy, for recording marks
with run-lengths 2T, 3T, 4T, and 25T with a preceding 25T space (see Annex F).

These bytes shall specify a fraction of the actual channel-bit clock period, as an

unsigned binary number b, such that:

Ttop

b=32x (0<b<60).
w

The last 2 bits (bits b, to b,) of these bytes shall be reserved.

© ISO/IEC 2020 - All rights reserved

101


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

ISO/IEC 30193:2020(E)

Byte 48:

Byte 49:

Byte 50:

Byte 51:

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

This byte shall specify the duration of the pulse for recording marks of run-
length 2T with a succeeding >3T space (see Annex F).

This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording marks of run-length 3T (see Annex F).

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

Byte 52:

Bytes 53 to 5

Byte 53:

Byte 54:

Byte 55:

Bytes 56 to 5

8:

This byte shall specify the duration of the first pulse, of the multi-pulse trdin, for
recording marks of run-lengths 25T (see Annex F).

dT|p last write-pulse start time

The first 6 bits (bits b; to b,) of these bytes specify the start time of the lagt
pulse of the multi-pulse train, in the extended N-1 write strategy, for recorfling
marks with run-lengths 3T, 4T, and 25T with a succeedjig 25T space (posifive
values are leading, negative values are lagging; see Anuex F).

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

dT;p
c=32x (=30 =c<30).
Ty
The last 2 bits (bits by to by) of these bytes shall be reserved.

This byte shall specify the start time of the last pulse of the multi-pulse trdin for
recording marks of run-length 3T relative to the leading edge of the last chlannel
bit of the data pulse (positive'values are leading, negative values are lagging;

see Annex F).

This byte shall specify the start time of the first pulse, of the multi-pulse tifain,
for recording matks of run-length 4T relative to the leading edge of the last
channel bit of the/data pulse (positive values are leading, negative values alre
lagging; seetAnnex F).

This byte-shall specify the start time of the first pulse of the multi-pulse trhin for
recofding marks of run-lengths >5T relative to the leading edge of the last|chan-
nebbit of the data pulse (positive values are leading, negative values are lagging;
see Annex F).

T\ p last-pulse duration

ol )

Byte 56:

102
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multi-pulse train, in the extended N-1 write strategy, for recording marks with
run-lengths 3T, 4T and 25T with a succeeding 25T space (see Annex F).

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

Tip
d=32x —— (0=<d<30).
TW
The last 3 bits (bits b, to b)) of these bytes shall be reserved.

This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording marks of run-length 3T (see Annex F).
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Byte 57: This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording marks of run-length 4T (see Annex F).
Byte 58: This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording marks of run-lengths =5T (see Annex F).
Bytes 59 to 63: dTy start time of the erase level
The first 7 bits (bits b, to b;) of these bytes specify the start time of the erase
level of the extended N-1 write strategy for the recording marks with run-
lengths 2T, 3T, 4T, and =5T with a succeeding 25T space (positive values are
leading, negative values are lagging; see Annex F).
The start time of the erase level dT} is expressed as a fraction of th¢ actual chan-
nel-bit clock period, as a signed two’s-complement binary number ¢} such that:
dTg
e=32x (-48 <e<30).
TW
The last bit (bit b)) of these bytes shall be reserved.
Byte 59: This byte shall specify the start time of the erasélevel for recording marks of
run-length 2T with a preceding 2T space.
Byte 60: This byte shall specify the start time of the erase level for recording marks of
run-length 2T with a preceding 23Tspace.
Byte 61: This byte shall specify the starttinie of the erase level of the multi-pulse train
for recording marks of run-length 3T.
Byte 62: This byte shall specify the'Start time of the erase level of the multi-pulse train
for recording marks of.run-length 4T.
Byte 63: This byte shall specify the start time of the erase level of the multi-pulse train
for recording marks of run-lengths =5T.
Byte §4: Reserved
This byte-shall be set to 00h.
Bytes 65 to 98: Inthese bytes, A is defined as the offset from the anchor position o1f duration
time which is specified from bytes 43 to 63.
Offset means the time difference from the anchor position. Regardipg the dura-
tion time, offset is specified in a similar way (see Figure F.1).
Bytes (65 to 72 and 73 (msb 4 bits): AdT,, first write-pulse start time offset

These bytes specify the teading edge offset of the firStpuise of the nulti-pulse
train, in the extended N-1 write strategy, for recording marks with run-lengths
2T, 3T, 4T and =5T with a preceding 2T, 3T, or 4T space (see Annex F).

The first-pulse start time offset AdT,, is expressed as a fraction of the actual
channel bit clock period, as a signed two’s-complement binary number £, such that:

Athop
f=32x (-28 < f< 30). for Byte 65 and 66;
w
AthOp
f=32x (-8 =f< 7). for Byte 67 to 72 and 73 (MSB 4 bits).

Ty

© ISO/IEC 2020 - All rights reserved 103


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

ISO/IEC 30193:2020(E)

Table 1 — Dependence of the dT,, value for each mark

Mark 2M

Succeeding space 3M 4M >5M
2S 23S

Preceding space
2S

3S f

preceding an
area denoted

See E.2.

Byte 65:

Byte 66:

Byte 67:

accommodates the anchor value$. a

l succeeding spaces. The area denoted by "a
by " f" includes the offset value as follows:

he area with this pattern includes the offset values, which are represented by " f".

n_n

e area with this pattern includes the anchor values, which are represented by "a
ilue "i =f+a " shall satisfy -28 <i < 30.

The first 6 bits (bits b; to b,) of this byte shall specify thestart time offset of the g
for recording marks of run-length 2T with a preceding)2T space and a succeeding
space. In case this byte applies, the anchor positioids specified in byte 43 (thOp
mark with a preceding 25T space and a succeeding 2T space).

The last 2 bits (bits by to b)) of this byte shal'be reserved.

The first 6 bits (bits b, to b,) of this byteShall specify the start time offset of the
for recording marks of run-length 2T\with a preceding 2T space and a succeeding
space. In case this byte applies, thezanchor position is specified in byte 44 (dT,,
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.

The first 4 bits (bits b(ta*b,) of this byte shall specify the start time offset of the f}
pulse of the multi-pulse train for recording marks of run-length 3T with a precedi
space. In case thesebits (bits b, to b,) apply, the anchor position is specified in by
(dT,,p for a 3T mark with a preceding 25T space).

pulse of the-multi-pulse train for recording marks of run-length 4T with a precedi
spaces:lnicase these bits (bits b; to by) apply, the anchor position is specified in by
(dTiop for a 4T mark with a preceding 25T space).

The first 4 bits (hlfc h tob \ of this hvfp shall anmfv the start time offset of the f

Byte 68:

.[The

ulse
2T

fqra 2T

ulse
>3T

fqra 2T

jrst
hg 2T
e 45

The last 4 bits {bits b; to b,) of this byte shall specify the start time offset of the first

hg 2T
fe 46

rst

104

pulse of the multi- pulse train for recordlng marks of run- lengths 25T with a preceding

2T space. In case these bits (bits b, to b,) apply, the anchor position is specified in
47 (dTy,p, for 25T mark with a preceding 25T space).

byte

The last 4 bits (bits b; to byy) of this byte shall specify the start time offset of the pulse

for recording marks of run-length 2T with a preceding 3T space and a succeeding

a2T

space. In case these bits (bits b; to by) apply, the anchor position is specified in byte 43

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

Byte 70:

Byt

Byt

Byt

The last 4 bits (bits b; to by) of this byte shall specify the start time offset of the first
pulse of the multi-pulse train for recording marks of run-length 3T with a preceding

3T space. In case of these bits (bits b; to b)), the anchor position is specifie
(dTiop for 3T mark with a preceding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start time offset
pulse of the multi-pulse train for recording marks of run-length 4T with a

d in byte 45

of the first
receding 3T

p 71:

b 72:

space. In case these bits (bits b, to b,) apply, the anchor position is specifig
(dTiop for a 4T mark with a preceding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start time offset

pulse of the multi-pulse train for recording marks of run-length§=5T with
3T space. In case these bits (bits b; to by) apply, the anchor position is speg
47 (dTy,p, 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
for recording marks of run-length 2T with a preceding 4T space and a succ
space. In case these bits (bits b, to b,) apply, the @nchor position is specifig
(dTiop for 2T mark with a preceding 25T space and a succeeding 2T space).

The last 4 bits (bits b to b)) of this byte shall specify the start time offset

for recording marks of run-length 2T with\a preceding 4T space and a succ
space. In case these bits (bits b; to by} apply, the anchor position is specifig
(dTiop for a 2T mark with a preceding-25T space and a succeeding 23T spag

The first 4 bits (bits b, to b,) ofithis byte shall specify the start time offset
pulse of the multi-pulse trajntfor recording marks of run-length 3T with a J
space. In case these bits (bits b, to b,) apply, the anchor position is specifig
(dTiop 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

d in byte 46

bf the first
a preceding
ified in byte

of the pulse
ceding 2T
d in byte 43

pf the pulse
eeding 23T
d in byte 44
e).

of the first
preceding 4T
d in byte 45

bf 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 by) apply, the anchor position is specifig
(dTop for a4 mark with a preceding 25T space).

e 73 (msb 4 bits):

The-first 4 bits (bits b, to b,) of this byte shall specify the start-time offset
pulse of the multi-pulse train for recording marks of run-lengths 25T with

d in byte 46

of the first
a preceding

4T. In case these bits (bits b, to b,) apply, the anchor position is specified i byte 47

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

Bytes 73 (Isb 4 bits) and 74 to 80: AT, first write-pulse duration offset

These bytes specify the duration offset of the first pulse of the multi-pulse

train, in the

extended N-1 write strategy, for recording marks with run-lengths 2T, 3T, 4T, and 25T

with a preceding 2T, 3T, or 4T space (see Annex F).

These bytes shall specify a fraction of the actual channel-bit clock period, as a signed

two’s-complement binary number g, such that:

AT,
g= 32 x top

(-8<g=<7).
w
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Table 2 — Dependence of the T;,, value for each mark

Mark 2M

Succeeding space 3M 4M >5M

- 2S =3S
Preceding space

2S

3S g

>5S b

- showsphedependencesbhe —vhiedoreachmmrkthabisoootobewrienonthepreceding

and succeedir

by "g" include

g
b

See E.2.

Byte 73: (13

Byte 74:

Byte 75:

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

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

b 4 bits):

~ P

1g spaces. The area denoted by "b" accommodates the anchor values and the area.dg¢noted
s the offset values as follows:

n_

=)

The last 4 bits (bits b to b)) of this byte shall spéeify the duration offset of the pulse
for recording marks of run-length 2T with a preceding 2T space and a succeeding 2T
space (see Annex F). In case these bits (bitshs'to b,) apply, the anchor duration ime is
specified in byte 48 (T, for a 2T mark withra preceding 25T space and a succeefling
2T space).

The first 4 bits (bits b, to b,) of thisbyte shall specify the duration offset of the pulse
for recording marks of run-lengti’2T with a preceding 2T space and a succeeding 23T
space (see Annex F). In case these bits (bits b, to b,) apply, the anchor duration time
is specified in byte 49 (Ttop for a 2T mark with a preceding 25T space and a succ¢ed-
ing 23T space).

The last 4 bits (bits byto b,) of this byte shall specify the duration offset of the first
pulse of the multitpulse train for recording marks of run-length 3T with a preceding
2T space (see Ahnex F). In case these bits (bits b to by) apply, the anchor duratign
time is specified in byte 50 (T, for a 3T mark with a preceding 25T space).

The firsp4'bits (bits b, to b,) of this byte shall specify the duration offset of the flirst
pulse'of the multi-pulse train for recording marks of run-length 4T with a preceding
2Fspace (see Annex F). In case these bits (bits b, to b,) apply, the anchor duratign
tinme is specified in byte 51 (T, for a 4T mark with a preceding 25T space).

106

I'he last 4 bits (bits b to by) of this byte shall specity the duration offset of the first
pulse of the multi-pulse train for recording marks of run-lengths 25T with a preced-
ing 2T space (see Annex F). In case these bits (bits b; to by) apply, the anchor duration
time is specified in byte 52 (T, for a 25T mark with a preceding 25T space).
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Byte 76:

Byte 77:

Byt

Byt

ISO/IEC 30193:2020(E)

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the pulse for
recording marks of run-length 2T with a preceding 3T space and a succeeding 2T space

(see Annex F). In case these bits (bits b, to b,) apply, the anchor duration ti

me is speci-

fied in byte 48 (T, for 2T mark with a preceding 25T space and a succeeding 2T space).

The last 4 bits (bits b; to by) of this byte shall specify the duration offset of the pulse
for recording marks of run-length 2T with a preceding 3T space and a succeeding 23T
space (see Annex F). In case these bits (bits b to by) apply, the anchor duration time is

specified in byte 49 (T, for a 2T mark with a preceding 25T space and a
>3T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset

succeeding

of the first

p 78:

p 79:

pulse of the multi-pulse train for recording of marks of run-length 3T writ
ing 3T space (see Annex F). In case these bits (bits b, to b,) apply, theanc

time is specified in byte 50 (T;,, for 3T mark with a preceding 25T space)}

The last 4 bits (bits b; to by) of this byte shall specify the duratien offset
pulse of the multi-pulse train for recording marks of run-length 4T with 3
3T space (see Annex F). In case these bits (bits b to b)) apply, the anchor
time is specified in byte 51 (T, for a 4T mark with a preceding 25T spac

The first 4 bits (bits b, to b,) of this byte shall speCify the duration offset
pulse of the multi-pulse train for recording marks)of run-lengths 25T wit
ing 3T space (see Annex F). In case these bits.(bits b, to b,) apply, the anc
time is specified in byte 52 (T, for a 25T4nark with a preceding 25T spa

The last 4 bits (bits b; to by) of this byte ‘shall specify the duration offset
for recording marks of run-length 2T\with a preceding 4T space and a sug
space (see Annex F). In case these*bits (bits bs to b,) apply, the anchor du
specified in byte 48 (T, for a 2Pmark with a preceding 25T space and a
2T space).

The first 4 bits (bits b, teb,) of this byte shall specify the duration offset
for recording marks ofyrun-length 2T with a preceding 4T space and a sug
space (see Annex E). In case these bits (bits b, to b,) apply, the anchor du
specified in byte49 (T, for a 2T mark with a preceding 25T space and a
>3T space).

The last 4.bits (bits b; to b)) of this byte shall specify the duration offset
pulse of the multi-pulse train for recording marks of run-length 3T with 3
4T space (see Annex F). In case these bits (bits b to by) apply, the anchor
time'is specified in byte 50 (T;,, for a 3T mark with a preceding 25T spac

h a preced-
hor duration

bf the first
preceding
duration

).

of the first

h a preced-
hor duration
ce).

bf the pulse
ceeding 2T
Fation time is
succeeding

of the pulse
ceeding 23T
ration time is
succeeding

bf the first
preceding
duration

).
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Byte 80:

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording marks of run-length 4T with a preceding
4T space (see Annex F). In case these bits (bits b, to b,) apply, the anchor duration
time is specified in byte 51 (T, for 4T mark with a preceding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording marks of run-lengths 25T with a preced-
ing 4T space.(see Annex F). In case these bits (bits b; to b,) apply, the anchor duration
time is specified in byte 52 (T;,, for a 25T mark with a preceding 25T space).

Bytes 81 to 84 and 85 (msb 4 bits): AdT,p last-pulse start time offset

Table 3 show
preceding an
area denoted

h
c

See F.2.

I'hese bytes specity the start time offset of the last pulse of the multi-pulse trau:] in
the extended N-1 write strategy, for recording marks with run-lengths 3T, 4T)and =5T
with a succeeding 2T, 3T, or 4T space (see Annex F).

The last-pulse start time offset AdT; p is expressed as a fraction of theactual chap-
nel-bit clock period, as a signed two’s-complement binary number A, 'such that:

AdT,
h=32x —  (8<h<7).
TW

Table 3 — Dependence of the dT; ; value for each mark

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

s the dependence of the dT|p value for each mark that is going to be written, pn the

l succeeding spaces. The area“denoted by "c" accommodates the anchor values ajnd the
by "h" includes the offset.values as follows:

The area with this pattern includes the offset values, which are represented by "hf.

The area with thispattern includes the anchor values, which are represented by "¢
The value "r =(h # ¢ " shall satisfy -30 < r < 30.

108
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Byte 81:

Byte 82:
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The first 4 bits (bits b, to b,) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording marks of run-length 3T with a succeeding
2T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte

53 (dTp for a 3T mark with a succeeding 25T space).

The last 4 bits (bits b; to by) of this byte shall specify the start time offset of the last
pulse of the multi-pulse train for recording marks of a run-length 4T with a succeeding
2T space. In case these bits (bits b; to b,) apply, the anchor position is specified in byte

54 (dTp for a 4T mark with a succeeding >5T space).

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 succeed-

Byte 83:

Bytp 84:

Byte 85 (msb 4 bits):

ing 2T space. In case these bits (bits b; to b,) apply, the anchor position-is
in byte 55 (dTp for a 25T mark with a succeeding =5T space).

The last 4 bits (bits b; to b;) of this byte shall specify the start time.offse
pulse of the multi-pulse train for recording marks of run-length3T with 4
3T space. In case these bits (bits b; to by) apply, the anchor position is sp¢
53 (dTp for a 3T mark with a succeeding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specifythe start time offsg
pulse of the multi-pulse train for recording marks(ofjrun-length 4T with 4§
3T space. In case these bits (bits b, to b,) apply,the anchor position is sp¢
54 (dTp for 4T mark with a succeeding 25T space).

The last 4 bits (bits b; to b)) of this byte.shall specify the start time offse
pulse of the multi-pulse train for recording marks of run-lengths 25T wit
ing 3T space. In case these bits (bits\bg to b,) apply, the anchor position ig
in byte 55 (dTp for a 25T mark with’a succeeding =5T space).

The first 4 bits (bits b, to b,) ef-this byte shall specify the start time offsq
pulse of the multi-pulse train for recording marks of run-length 3T with 3
4T space. In case these bits’(bits b, to b,) apply, the anchor position is spe
53 (dTp for a 3T markwith a succeeding 25T space).

The last 4 bits (bits:b; to b, of this byte shall specify the start time offse
pulse of the multi-pulse train for recording of marks of run-length 4T wit
ing 4T space. Iir'case these bits (bits b to b)) apply, the anchor position i
in byte 54 (dT| p for 4T mark with a succeeding >5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start time offsg
pulse of the multi-pulse train for recording marks of run-lengths 25T wit
ing 4T space. In case these bits (bits b, to b,) apply, the anchor position is

specified

[ of the last
succeeding
cified in byte

t of the last
succeeding
cified in byte

F of the last
h a succeed-
specified

t of the last
succeeding
cified in byte

F of the last
h a succeed-
specified

t of the last
h a succeed-
specified

in byte 55 (dT|p for > a 5T mark with a succeeding 25T space).

Bytes 85 (Isb 4 bits) and 86 to 89: AT, last-pulse duration offset

These bytes specify the duration offset for the last pulse length of the mu

Iti-pulse

train, in the extended N-1 write strategy, for recording marks with run-lengths 3T, 4T,

and 25T with a succeeding 2T, 3T, or 4T space (see Annex F).

This byte shall specify a fraction of the actual channel-bit clock period, as a signed

two’s-complement binary number v, such that:

AT
v=132x TLP (-8<v<7).

w
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Table 4 — Dependence of the T value for each mark

Mark
3M 4M =5M
Succeeding space
2S
3S \4
4S
=58 d

Table 4 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

by "v" include|

v
d

See E.2.

Byte 85 (Is

Byte 86:

Byte 87:

5 the offset values as follows:

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

The area with this pattern includes the anchor values, which are represented by "¢".
The value "s = v + d" shall satisfy 0 < s < 30.

b 4 bits):

The last 4 bits (bits b; to b)) of this byte shall specify:the duration offset of the lgst
pulse of the multi-pulse train for recording marks’of run-length 3T with a succeeding

2T space (see Annex F). In case these bits (bitsBzto b,) apply, the anchor duratign time
is specified in byte 56 (T p for a 3T mark with'a succeeding >5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording marks of run-length 4T with a succeeding
2T space (see Annex F). In case these bits (bits b; to b,) apply, the anchor duratign time
is specified in byte 57 (T p for a-4¥,mark with a succeeding 25T space).

The last 4 bits (bits b to b)) of this byte shall specify the duration offset of the Igst

pulse of the multi-pulse train for recording marks of run-length 3T with a succe
3T space (see:Annex F). In case these bits (bits b, to b,) apply, the anchor durati
is specified’in byte 56 (T p for a 3T mark with a succeeding =5T space).

The last'4 bits (bits b; to b,) of this byte shall specify the duration offset of the Igst
pulse of the multi-pulse train for recording marks of run-length 4T that with a sycceed-

Byte 88:

110

ir_1g 3"_1‘ space (_see_Annex F). In case these bits (bi_ts b; to by) apply, the anchor durption
LP = :

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 25T with a succeed-
ing 3T space (see Annex F). In case these bits (bits b, to b,) apply, the anchor duration
time is specified in byte 58 (T} p for a 25T mark with a succeeding >5T space).

The last 4 bits (bits b to b)) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording marks of run-length 3T with a succeeding
4T space (see Annex F). In case these bits (bits b to by) apply, the anchor duration time
is specified in byte 56 (T p for a 3T mark with a succeeding 5T space).
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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). In case these bits (bits b, to b,) apply, the anchor duration time
is specified in byte 57 (T} p for a 4T mark with a succeeding >5T space).

The last 4 bits (bits b; to by) of this byte shall specify the duration offset of the last
pulse of the multi-pulse train for recording marks of run-lengths 25T with a succeed-
ing 4T space (see Annex F). In case these bits (bits b; to b,) apply, the anchor duration
time is specified in byte 58 (T p for a 25T mark with a succeeding =5T space).

Bytes 90 to 97 and 98 (msb 4 bits): AdTy start time offset of the erase level

These bytes specify the start time offset of the erase Ievel, In the extended N-1 write
strategy, for recording marks with run-lengths 2T, 3T, 4T, and 25T with'asucceed-
ing 2T, 3T, or 2 4T space (positive values are leading, negative values-are lagging;
see Annex F).

The start time offset of the erase level AdTy is expressed as afraction of the actual
channel-bit clock period, as a signed two’s-complement biriai'y number w;, [such that:

dT,
w=32x —E (=24 <w < 15). for Byte 90 and 9%
w
Athop
w=32x (-8 <w < 7) for Byte 92-to 97 and 98 (MSB 4 bits).
w

Table 5 — Dependence of the dTg value for each mark

Mark 2M

Preceding space 3M 4M >5M
2S 23S

Succeeding space
2S

3S w

4S

=58 e

Table § shows the dependence of the dT, value for each mark that is going to be written, onfthe preceding

and succeeding spaces. ;Fhe area denoted by "e" accommodates the anchor values and the area denoted
by "w"lincludes the offset values as follows:

W  The area with this pattern includes the offset values, which are represented by "w".

The area with this pattern includes the anchor values, which are represented py "e". The
value "u = w + e" shall satisfy -48 < u < 30.

See F.2.
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Byte 90:

Byte 91:

Byte 92:

Byte 93:

Byte 94:

Byte 95:

112

The first 6 bits (bits b, to b,) of this byte shall specify the start time offset of the erase
level for recording marks of run-length 2T with a succeeding 2T space and a preceding
2T space. In case this byte applies, the anchor position is specified in byte 59 (dTf for a
2T mark with a preceding 2T space and a succeeding 25T space).

The last 2 bits (bits by to by) of this byte shall be reserved.

The first 6 bits (bits b; to b,) of this byte shall specify the start time offset of the erase
level for recording marks of run-length 2T with a succeeding 2T space and a preceding
23T space. In case this byte applies, the anchor position is specified in byte 60 (dTy for
a 2T mark with a preceding 23T space and a succeeding 25T space).

Thalace D e (e b o b ) Afebico byrn chall b wacargad
T TaSTZDTtS TS Oy tC-STrarr ot

(oIt OT tO o) ot y cToCTVvCeOT

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’succeefling

2T space. In case these bits (bits b, to b,) apply, the anchor position isspécified in byte
61 (dTg for a 3T mark with a succeeding =5T space).

The last 4 bits (bits b; to byy) of this byte shall specify the start time offset of the
succeeding erase level of the multi-pulse train for recording marks of run-length{ 4T

with a 2T space. In case these bits (bits b; to by) apply, the.anchor position is spdcified
in byte 62 (dTg for a 4T mark with a succeeding 25T space):

The first 4 bits (bits b, to b,) of this byte shall specifythe start time offset of thel erase
level of the multi-pulse train for recording marks‘of run-lengths =5T with a succgeding
2T 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 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 pre¢eding
2T space. In case these bits (bits b; tob,) apply, the anchor position is specified jn byte
59 (dTy for a 2T mark with a preceding 2T space and a succeeding >5T space).

The first 4 bits (bits b, to by)0f this byte shall specify the start time offset of the erase
level for recording of marks of run-length 2T with a succeeding 3T space and a p
ing 23T space. In case-these bits (bits b, to b,) apply, the anchor position is specified
in byte 60 (dT for 2T\mark with a succeeding 25T space and a preceding 23T sppce).

The last 4 bits (Bits'b; to b,y) of this byte shall specify the start time offset of the ferase
level of the multi-pulse train for recording marks of run-length 3T with a succeefling
3T space. In case these bits (bits b; to by) apply, the anchor position is specified jn byte
61 (dTgfora 3T mark with a succeeding >5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start time offset of thel erase
level of the multi-pulse train for recording marks of run-length 4T with a succeedling
3T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte

62 (dTg tor a 4T mark with a succeeding 25T space).

The last 4 bits (bits b; to byy) of this byte shall specify the start time offset of the erase
level of the multi-pulse train for recording marks of run-lengths =5T with a succeeding
3T space. In case these bits (bits b; to b,) apply, the anchor position is specified in byte
63 (dT for = a 5T mark with a succeeding 5T space).
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Byte 97:
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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 for recording marks of run-length 2T with a succeeding 4T space an

d a preceding

2T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte

59 (dTg for a 2T mark with a succeeding 25T space and a preceding 2T sp

ace).

The last 4 bits (bits bs to by) of this byte shall specify the start time offset of the erase
level for recording marks of run-length 2T with a succeeding 4T and a preceding 23T

space. In case these bits (bits b; to b)) apply, the anchor position is specif

ied in byte 60

(dTg for a 2T mark with a preceding 23T space and a succeeding 25T space).

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

Byt

Byte 9

Byte 9

Bytes

15.8.3

The content ofithe body of DI units according to format 5 shall be as depicted in Figure 80

£ 98 (msb 4 bits):

8: (Isb 4 bits):

9:

100 to 111: DI unit foater

L4 Definitions.for DI format 5 (Extended N/2 write strategy)

4T space. In case these bits (bits b, to b,) apply, the anchor position is sp§
61 (dTy 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.offse
level of the multi-pulse train for recording marks of run-lengthi’4T with a
4T space. In case these bits (bits b; to by) apply, the anchor position is spg
62 (dT for a 4T mark with a succeeding >5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start time offsg
level of the multi-pulse train for recording maxks of run-lengths =5T with
4T space. In case these bits (bits b, to b,) apply, the anchor position is spg
63 (dTy for a 25T mark with a succeeding25T space).

Reserved
These bits shall be set to 0000.

Reserved
This byte shall be.set'to 00h.

See 15.8.8.2:

cified in byte

[ of the erase
succeeding
cified in byte

t of the erase
a succeeding
cified in byte
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Byte number Content Number of
bytes
0to7 DI-Unit header 8
8to10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-Pullpolarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BCA descriptor 1
17t0 18 Reserved 2
19to 46 Data-Zone allocation 8
27 Reserved 1
28t0 39 Recording Velocity 2
30 Maximum dc read powers 1
31 Maximum HF-modulated read powers 1
32 Reserved 1
33to41 Write-power settings 9
42 Twvp write multi-pulse duration 1
43to47 dTiop first write-pulse start time 5
4810 32 Tiop first write-pulse duration 5
53to 34 dTip last-write pulse start time 2
55t0 36 Tip last-pulse duration 2
57to 61 dT: start time of the erase level 5
62 Reserved 1
63to70and 71 | AdTiypfirst write-pulse start time offset 85
(msb 4 bits)
71 (Isb 4 bifs) and | ATy first write-pulse duration offset 7,5
721078
79to §1 AdTip last-pulse start time offset 3
82 to §4 ATip last-pulse durationoffset 3
85t092and 93 | AdTestarttime offsetofthe erase level 85
(msb 4 hits)
93 (Isb 4 pits ) Reserved 0,5
94 to0 99 Reserved 6
100to 111 DI Unitfoeter 12
Figure 80 — Content of disk information for DI format 5
Bytes 0 to 1: Disk-information identifier
See 15.8.3.2.
Byte 2: DI-format number
This byte shall be set to 05h for the disks with BCA code.
This byte shall be set to 85h for the disks without BCA code.
Byte 3: Number of DI aux frames in each DI block/Number of the layer to which this
DI unit applies
See 15.8.3.2.
Byte 4: Reserved
See 15.8.3.2.
114 © ISO/IEC 2020 - All rights reserved
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Byte 5: DI-unit sequence number in DI block
See 15.8.3.2.
Byte 6: Continuation flag/Number of DI bytes in use in this DI unit
This byte shall be set to 5Eh indicating that the first 94 bytes of the DI unit are
used and that there is no continuation in the next DI unit. All remaining bytes of
the DI unit body (excluding the bytes in the DI unit footer) are unused and shall be
set to 00h.
Byte 7: Reserved
See 15.8.3.2.
Bytes|8 to 10: BD layer-type identifier
These three bytes identify the type of the BD layer to which this D1 upit applies
and shall be set to 42 44 57h, representing the characters “BDW” in dach rewrita-
ble layer.
Byte 11: Disk size/Class/Version
Bitg b~ to bg: These 2 bits specify the disk size. They shall be set.to 00, indicating a|120 mm disk.
Bitg bg to by: These 2 bits specify the class number. The class number identifies BI) layers of the
same layer type but with different basic specifications.
BD layers according to this documentshall have these bits set to 01.
Drives not familiar with a particular class of layers should not accesqthe data
zone of such layers (neither for teading, nor for writing).
Bitg b; to by: These 4 bits specify the version number. They shall be set to 0011, indicating a
layer according to this document.
Byte 12: BD structure
Bitg b, to by: These 4 bits specify the total number of BD recording/Recorded laydrs on the
disk. These:bits shall be set to 0011, indicating 3 recording layers.
Bitg b; to by: These 4 bits specify the type of BD recording/Recorded layer to whi¢h this DI unit
apphes: Bits b; to b, shall be set to 0100, indicating a rewritable recqrding layer.
Byte 13: Channel-bit length
Bitg b, to by These 4 bits shall be set to 0000.
Bitg b; to by: These 4 bits specify the main data channel-bit length, which shall bethe 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 GB per layer);
Others: reserved.
Byte 14: Push-pull polarity flag bits
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Bitb;:

Byte 15:

Bitb; :

Each bit b; shall specify the polarity of the push-pull signal on recording layer Li

(see 26.1). They shall be set to as follows:
ZERO, indicating that the push-pull polarity on layer Li is positive;
ONE, indicating that the push-pull polarity on layer Li is negative.
For recording layers that are not present, bit b; shall be set to ZERO;
For this document, this byte shall be set to 00h.

Recorded mark polarity flag bits

Each bit hi shall specify the polarity of recorded marks on recording layer 1j

Byte 16:

Bits b, to H,:

Bits b to Hj:

Bytes 17 to 1]

Bytes 19 to 2

Bytes 19 tq

=

o

8:

6:

22:

They shall be set to as follows:

ZERO, indicating a layer type on which recorded marks have a lower
reflectivity than the unrecorded layer (HTL disks);

ONE, indicating a layer type on which recorded marks have a liigher
reflectivity than the unrecorded layer;

For recording layers that are not present, bit b; shall be $etto ZERO;
For this document, this byte shall be set to 00h.

BCA descriptor
These 4 bits shall be reserved.

These 4 bits indicate the presence of a BEA code on this disk:
They shall be set to as follows:

0000: indicating no BCA code;

0001: indicating BCA code\s present;

Others: reserved.

Reserved
These bytes shall-be set to all 00h.

Data-zne allocation

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

In-each DI unit relating to layer L0, these bytes shall be set to 00 02 00 00h i
cating PAA 131 072 as the first PAA of data zone 0.

the

hdi-

In each DI unit relating to layer L1, these bytes shall be set to a value FAA, w

hich

116

shall be 00 5E EC 80h for a disk with a user-data capacity of 33,4 GB per layer,
indicating PAA 6 220 928 for 33,4 GB per layer as the first PAA of the data zone 1.

In each DI unit relating to layer L2, these bytes shall be set to 00 82 00 00h indi-

cating PAA 8 519 680 as the first PAA of the data zone 2.
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These bytes shall specify the last physical ADIP address of the data zone of the
related layer.

In each DI unit relating to layer L0, these bytes shall be set to a value LAA, which
shall be 00 21 13 7Eh for a disk with a user-data capacity of 33,4 GB per layer,
indicating PAA 2 167 678 for 33,4 GB per layer as the last PAA of the data zone 0.

In each DI unit relating to layer L1, these bytes shall be set to 00 7D FF FEh indi-
cating PAA 8 257 534 as the last PAA of the data zone 1.

In each DI unit relating to layer L2, these bytes shall be set to the value
LAA + 0080 00 00h, which shall be 00 A1 13 7E h for a disk with a user data ca-
pacity of 33,4 GB per layer, indicating PAA 10 556 286 for 33,4 GB per layer as the

Byte 2

Bytes

Byt

Byte 3

NOTE
power

Byte 3

last PAA of the data zone 2.

7: Reserved

This byte shall be set to 00h.

28 to 29: Recording velocity

es 28 to 29:  These bytes shall specify the nominal recording %€locity, to be used ¥

rameters as defined in this DI unit, as a 2-bytebintary number (byte
It shall specify the nominal recording velo¢ity as a number n such th
n=100 %V, .-

Here, n shall be equal to 02 EZh toindicate a nominal recording velod
7,38 m/s.

0: Maximum dc read power at the nominal recording velocity

The maximum read poweris defined as the maximum optical power
DI unit applies on theténtrance surface of the disk, at which atleast 1
reads can be applied without degrading the recorded signals (see 30|

fined 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 equ
nominal recording velocity defined in bytes 28 and 29 of this DI unit
expression of this byte is as follows:

n='100 x P, where P, is expressed in milliwatts.

For reading at lower speeds than the nominal velocity specified in this DI unit, a reduc
Can be necessary to guarantee the stability of recordings on the disk.

vith the pa-
8 is MSB).

ht:

ity of

to which this

D6 successive
7). Maximum

read powers in this clause shall be greater than or equal to the read powers de-

al to the
The decimal

[ion of the read

1 Maximum HF-modulated read powers at the nominal recording velocit

y

NOTE

The maximum read power is defined as the maximum optical power to which this DI unit
applies on the entrance surface of the disk, at which at least 10° successive reads can be
applied without degrading the recorded signals (see 30.7). 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 defined in byte 28 and 29 of this DI unit. The dec-

imal expression of this byte is as follows:

n =100 x P, where P, is expressed in milliwatts.

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 32:

Bytes 33 to 41:

Bytes 33 to 34:

Reserved
This byte shall be set to 00h.

Write-power settings

Pyyp: Piyp can be used as a starting value for the determination of Py, 4 in the
OPC procedure (see Annex G).

These bytes shall specify the indicative value Pyyp of Py, g in milliwatts, as a
number n such that:

n =20 x Pyyp.
where bit h/ of hyfp 33 isthe MSB and bit hu nfhyfp 34 isthe LSB

Byte 35:

Byte 36:

Byte 37:

Byte 38:

Byte 39:

Byte 40:

Byte 41:

Byte 42:

myyp: Myyp can be used as a starting value for the determination of Pyt in
the OPC procedure (see Annex G).

This byte shall specify the modulation at Py as determined by'the medip man-
ufacturer as a number n such that:

n =200 x myyp.
p: This byte shall specify the write-power multiplieation factor p used in[the
OPC algorithm (see Annex G) as a number n suclthat:
n=100 x p.

£gw: This byte shall specify the write-bias/write-peak power ratio ez uped in
the OPC algorithm (see Annex G) as a humber n such that:
n =200 xegy-

£c: This byte shall specify the«cooling/write-peak power ratio . used in the
OPC algorithm (see Annex G} as a number n such that:
n=200x &.

€g: This byte shalh$pecify the erase/write-peak power ratio € used in the OPC
algorithm (see-Amnex G) as a number n such that:
n =200 x g.

k: Thisbyte shall specify the target value for k used in the OPC procedur
(see Anhex G) as a number n such that:

[

=20 x K.

This byte shall be reserved.

Typ write multi-pulse duration

Bytes 43 to 61

118

This byte specifies the duration of the second and subsequent pulses of the
multi-pulse train, in the extended N/2 write strategy, for recording marks
(see Annex F).

The first 6 bits (bits b, to b,) of this byte shall specify the fraction of the actual
channel-bit clock period, as an unsigned binary number p, such that:

T,
p=32x ML (0<p<62).
Tw
The last 2 bits (bits by to b)) of this byte shall be reserved.

T,

In these bytes, anchor position or duration time is defined for dT; top

op’
dT;p, T\ p, and dTg
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Byt

Byt

Byt

Byt

Byt

Bytes

43 to 47:

ISO/IEC 30193:2020(E)

Anchor position means the leading edge position of each write pulse (see Fig-
ure F.3). Regarding the duration time, anchor is specified in a similar way.

dT,

top first write-pulse start time

The first 6 bits (bits b, to b,) of these bytes specify the start time
pulse, of the multi-pulse train, in the extended N/2 write strategy,

of the first
for re-

cording of marks with run-lengths 2T, 3T, [4T,6T,8T], and [5T,7T,9T] with a

preceding 25T space (positive values are leading, negative values
see Annex F).

are lagging;

The first-pulse start time dT,,, is expressed as a fraction of the actual chan-

nal it clooly ool S cignad
T o1t CrotIc

fxazalc ool ant b oy b e
\A4

a, such that:

p 4.3:

p 4.4

b 45:

p 4.6:

p 4.7

48 to 52:

ac
POt oS o STSTT TITPTCTITCTITIC OO y (TOtioTT

dT,
a=32x top

(-32<a<30).
w
The last 2 bits (bits b; to by) of these bytes shall be reserved.

This byte shall specify the start time of the pulse foPrecording ms
length 2T with a succeeding 2T space, relativeto.the trailing edge
channel bit of the data pulse (positive values\are leading, negative
lagging; see Annex F).

This byte shall specify the start time pfithe pulse for recording ms
length 2T with a succeeding 23T space, relative to the trailing edg
channel bit of the data pulse (positive values are leading, negative
lagging; see Annex F).

This byte shall specify the start time of the first pulse, of the mult
for recording marks of\fun-length 3T, relative to the trailing edge
channel bit of the data pulse (positive values are leading, negative
lagging; see AnnexF).

This byte shall-specify the start time of the first pulse, of the mult

rks of run-
of the first
values are

rks of run-
e of the first
values are

-pulse train,
pof the first
values are

-pulse train,

for recordinig marks of run-lengths [4T, 6T, 8T], relative to the trailing edge

of the first channel bit of the data pulse (positive values are leadin
values are lagging; see Annex F).

This byte shall specify the start time of the first pulse of the multi
for recording marks of run-lengths [5T, 7T, 9T], relative to the tra
of the first channel bit of the data pulse (positive values are leadin
values are lagging; see Annex F).

Tiop first write-pulse duration
The first 7 bits (bits b, to b;) of these bytes specify the duration o

g, negative

Lpulse train
ling edge
g, hegative

Fthe first

Byte 48:

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 preced-

ing = T space (see Annex F).

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

T
h=32x P

(0<bh<92).
w
The last bit (bit b)) of these bytes shall be reserved.

period, as an

This byte shall specify the duration of the pulse for recording marks of run-

length 2T with a succeeding 2T space (see Annex F).
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Byte 49: This byte shall specify the duration of the pulse for recording marks of run-
length 2T with a succeeding =3T space (see Annex F).

Byte 50: This byte shall specify the duration of the first pulse, of the multi-pulse train,
for recording marks of run-length 3T (see Annex F).

Byte 51: This byte shall specify the duration of the first pulse, of the multi-pulse train,
for recording marks of run-lengths [4T, 6T, 8T] (see Annex F).

Byte 52: This byte shall specify the duration of the first pulse, of the multi-pulse train,
for recording marks of run-lengths [5T, 7T, 9T] (see Annex F).

Bytes 53 to 54: dTp last write-pulse start time

The first 6 bits (bits b, to b,) of these bytes specify the start time of thé last
pulse of the multi-pulse train, in the extended N/2 write strategy, fot record-
ing marks with run-lengths [4T, 6T, 8T] and [5T, 7T, 9T] with asucceeding 25T
space (positive values are leading, negative values are lagging; see Anney F).

The last-pulse start time dT; p is expressed as a fractionof the actual chanp-
nel-bit clock period, as a signed two’s-complement bidary number ¢, such|that:

dT; p
c=32x —— (-30<c<30).
TW
The last 2 bits (bits b; to b,) of these bytes shall be reserved.

Byte 53: This byte shall specify the start time 6f'the last pulse of the multi-pulse tfain
for recording marks of run-lengths [4T, 6T, 8T] relative to the leading edgde of
the last channel bit of the data pulse’(positive values are leading, negativg val-
ues are lagging; see Annex F).

Byte 54: This byte shall specify thesstart time of the last pulse of the multi-pulse tfain
for recording marks of run-lengths [5T, 7T, 9T] relative to the leading edge of
the last channel bit efthe data pulse (positive values are leading, negativg val-
ues are lagging; seé-Annex F).

Bytes 55 to 56: T\ p last-pulse.duration

The first6.bits (bits b, to b,) of these bytes specify the last-pulse length, pf
the multi*pulse train, in the extended N/2 write strategy, for recording marks
with run-lengths [4T,6T,8T] and [5T,7T,9T] with a succeeding 25T space
(sée'Annex F).

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

T

g2 LP (o< de )
U =94 T l_U =Uu = UL.J.
w

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

Byte 55: This byte shall specify the duration of the last pulse, of the multi-pulse train,
for recording marks of run-lengths [4T, 6T, 8T] (see Annex F).

Byte 56: This byte shall specify the duration of the last pulse, of the multi-pulse train,
for recording marks of run-lengths [5T, 7T, 9T] (see Annex F).
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dTg 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 val-
ues are leading, negative values are lagging; see Annex F).

The start time of the erase level dT} is expressed as a fraction of the actual chan-
nel-bit clock period, as a signed two’s-complement binary number e, such that:

dTg
e=32x (-62<e<30).
Ty

Byt

Byt

Byt

Byt

Byt

Byte 6

b 57:

b 58:

b 50:

p 60:

b 61:

I'he last bit (bit by) 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 eflge of the last
channel bit of the data pulse (positive values are leadingynegative values are
lagging; see Annex F).

This byte shall specify the start time of the eraselevel for recording marks of
run-length 2T with a preceding 23T space, reldative to the trailing pdge of the

last channel bit of the data pulse (positive alues are leading, neggtive values
are lagging; see Annex F).

This byte shall specify the start tinie of the erase level, of the mulffi-pulse train,
for recording marks of run-length 3T, relative to the trailing edge jof the last
channel bit of the data pulse (p@sitive values are leading, negative values are
lagging; see Annex F).

This byte shall specify the start time of the erase level, of the mulffi-pulse train,
for recording marks.of run-lengths [4T, 6T, 8T], relative to the trailing edge

of the last channel®it of the data pulse (positive values are leading, negative
values are lagging; see Annex F).

This byte shall specify the start time of the erase level, of the mulfli-pulse train,
for recerding marks of run-lengths [5T, 7T, 9T], relative to the traljling edge

of the last channel bit of the data pulse (positive values are leading, negative
values are lagging; see Annex F).

Reserved
This byte shall be set to 00h.
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Bytes 63 to 93

time which is specified from bytes 43 to 61.

In these bytes, A is defined as the offset from the anchor position or duration

Offset means the time difference from the Anchor position. Regarding the dura-

tion time, Offset is specified in a similar way (see Figure F.3).

Bytes 63 to 70 and 71 (msb 4 bits): AdT,, first write-pulse start time offset

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).

Table 6 show
preceding an
area denoted

f T
a T
T

See E.3.

The first-pulse start time offset AdT,,, is expressed as a fraction of the

such that:
thop
f=32x ——— (=32 £f<30). for byte 63 and 64;
w
Athop
f=32x (-8 < f< 7). for byte 65 to 70 and71 (msb 4 bits).
w

Table 6 — Dependence of the dT;,, value foreach mark

Mark 2M

Succeeding space 3M 4,6,8M 5,7.9M
2S >3S

Preceding space
2S
3S f

>5S a

s the dependence of the:dl},, value for each mark that is going to be written,

n_n

by " f" includes the offset values as follows:

he area with this,pattern includes the offset values, which are represented by " f".

n_n

he area with-this pattern includes the anchor values, which are represented by "a".
he valueJ&f+ a " shall satisfy -28 <i < 30.

actu-

al channel bit clock period, as a signed two’s-complement binary numbler f,

on the

l succeeding spaces. The)area denoted by "a" accommodates the anchor values alnd the

122
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Byte 64:
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The first 6 bits (bits b, to b,) of this byte shall specify the start time offset of the
pulse for recording marks of run-length 2T with a preceding 2T space and a suc-
ceeding 2T space. In case this byte applies, the anchor position is specified in byte 43
(dTiop for a 2T mark with a preceding 25T space and a succeeding 2T space).

The last 2 bits (bits by to by) of this byte shall be reserved.

The first 6 bits (bits b, to b,) of this byte shall specify the start-time offset of the
pulse for recording marks of run-length 2T with a preceding 2T space and a succeed-
ing 23T space. In case this byte applies, the anchor position is specified in byte 44
(dTop for a 2T mark with a preceding 25T space and a succeeding 23T space).

Byte 65:

Byte 66:

Bytp 67:

Byte 68:

Thetast2-bits{bits-brte-brefthisbyte-shat-bereserved:

The first 4 bits (bits b, to b,) of this byte shall specify the start tinge, off:
pulse of the multi-pulse train for recording marks of run-length 3T-with
ing 2T space. In case these bits (bits b, to b,) apply, the anchenposition
in byte 45 (dT,,, 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 offs
pulse, of the multi-pulse train, for recording marks ef run-lengths [4T, 6
a preceding 2T space. In case these bits (bits b; to.by) apply, the anchor
specified in byte 46 (dT,, for a [4T, 6T, 8T] markwith a preceding 25T §

The first 4 bits (bits b, to b,) of this byte shall specify the start-time off
pulse of the multi-pulse train for recording marks of run-lengths [5T, 7’1
a preceding 2T space. In case these bits\(bits b, to b,) apply, the anchor
specified in byte 47 (dT;,, for a [ST.7T, 9T] mark with a preceding 25T 5

The last 4 bits (bits b to by) of this’byte shall specify the start-time offse

et of the first
a preced-
s specified

et of the first
[, 8T] with
position is
pace).

set of the first
, 9T] with
position is
pace).

t of the pulse

for recording marks of run-length 2T with a preceding 3T space and a sukcceedinga 2T

space. In case these bits (bitsb; to by) apply, the anchor position is speci
(dT,p for a 2T mark withza preceding 25T space and a succeeding 2T spa

ied in byte 43
ce).

The first 4 bits (bits ®} to b,) of this byte shall specify the start-time offs
for recording maxks of run-length 2T with a preceding 3T space and a s

bt of the pulse
ceeding 23T

space. In casg-these bits (bits b, to b,) apply, the anchor position is specified in byte 44
(dT,,p for a 2Fmark with a preceding 25T space and a succeeding 23T sppce).

The lasf4:bits (bits b; to b,) of this byte shall specify the start-time offdet of the first
pulse,‘of the multi-pulse train, for recording marks of run-length 3T with a preced-
ing 3T space. In case these bits (bits b; to b,) apply, the anchor position |s specified

inbyte 45 (dT,, for a 3T mark with a preceding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offet of the first
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 6[l, 8T] with
a preceding 3T space. In case these bits (bits b, to b,) apply, the anchor position is

specified in byte 46 (dT;,, for a [4T, 6T, 8T| 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 [5T, 7T, 9T] with

a preceding 3T space. In case these bits (bits b; to b)) apply, the anchor position is
specified in byte 47 (dT;,, for a [ST, 7T, 9T] mark with a preceding 25T space).
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Byte 69: The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the pulse
for recording marks of run-length 2T with a preceding 4T space and a succeeding 2T
space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte 43
(dT,p for a 2T mark with a preceding 25T space and a succeeding 2T space).

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

Byte 70: 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 preced-
ing 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 offsetof 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 anchorposition is speci-

fied in byte 46 (dT,,, for a [4T, 6T, 8T] mark with a preceding >5T)space).

Byte 71 (mpb 4 bits):

The first 4 bits (bits b, to b,) of this byte shall specifythe 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 bz) apply, the anchor position is
specified in byte 47 (dT,, for a [5T, 7T, 9T] mark'with a preceding 25T space).

Bytes 71 (IsH 4 bits) and 72 to 78: AT, first write-pulse.duration offset

These bytes specify the duration offsétiof the first pulse, of the multi-pulse traipn, in
the extended N/2 write strategy, for+ecording marks with run-lengths 2T, 3T, [4T,
6T, 8T], and [5T, 7T, 9T] with a preceding 2T, 3T, or 4T space (see Annex F).

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

AT,
g=32x —Tt(’p (F8<g<7).
w

Table7,)— Dependence of the T;,, value for each mark

Mark 2M

Succeeding space 3M 4,6,8M 5,7.9M
2S >3S

Preceding space
2S
3S g

>5S b

Table 7 shows the dependence of the T, value for each mark that is going to be written, on the preceding
and succeeding spaces. The area denoted by "b" accommodates the anchor values and the area denoted

by "g" includes the offset values as follows:

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

b The area with this pattern includes the anchor values, which are represented by "b".
The value "j =g + b" shall satisfy 0 <j < 92.

See F.3.
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Byte 71 (Isb 4 bits):

Byte 72:

The last 4 bits (bits b; to byy) of this byte shall specify the duration offset of the
pulse for recording marks of run-length 2T with a preceding 2T space and a suc-
ceeding 2T space (see Annex F). In case these bits (bits b; to b) apply, the anchor
duration time is specified in byte 48 (T;,, for a 2T mark with a preceding 25T

space and a succeeding 2T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the
pulse for recording marks of run-length 2T with a preceding 2T space and a suc-
ceeding 23T space (see Annex F). In case these bits (bits b, to b,) apply, the anchor

ing 25T

Byte 73:

Byte 74:

Byte 75:

duration timeis snecified in hyute 49 (T fora 2T mark with 2 nroced
r J \Y '[Op r

space and a succeeding 23T space).

The last 4 bits (bits bs to by) of this byte shall specify the duration off
pulse, of the multi-pulse train, for recording marks of run-length 3T w
ing 2T space (see Annex F). In case these bits (bits b; to byJ-apply, the
tion time is specified in byte 50 (T, for a 3T mark with\@preceding 3

The first 4 bits (bits b, to b,) of this byte shall specify the duration of]
first pulse, of the multi-pulse train, for recording nrarks of run-length
with a preceding 2T space (see Annex F). In ease these bits (bits b, to
the anchor duration time is specified in byte.51 (T, for a [4T, 6T, 8T]
preceding 25T space).

The last 4 bits (bits b to by) of this byfe shall specify the duration off
first pulse, of the multi-pulse trainydor recording of marks of run-leng
7T, 9T] with a preceding 2T space*(see Annex F). In case these bits (b
apply, the anchor duration time is specified in byte 52 (T, , for [ST, 71
with a preceding 25T space)-

The first 4 bits (bits bgto b,) of this byte shall specify the duration of]
pulse for recording-marks of run-length 2T with a preceding 3T spac
ceeding 2T space{see Annex F). In case these bits (bits b, to b,) appl)
duration time‘is-specified in byte 48 (Tiop for a 2T mark with a preced
space and,a'succeeding 2T space).

The last 4.bits (bits b; to by) of this byte shall specify the duration off
pulseifor recording marks of run-length 2T with a preceding 3T spact
ceeding >3T space (see Annex F). In case these bits (bits b3 to b) app
duration time is specified in byte 49 (T, for a 2T mark with a preced
Space and a succeeding 23T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration off
pulse, of the multi-pulse train, for recording marks of run-length 3T wj|
ing 3T space (see Annex F). In case these bits (bits b, to b,) apply, the §

set of the first
ith a preced-
Anchor dura-
5T space).

fset of the
s [4T, 6T, 8T]
b,) apply,
mark with a

set of the
ths [5T,

ts bz to by)
[, 9T] mark

fset of the

and a suc-
, the anchor
ing 25T

set of the

and a suc-
ly, the anchor
ing 25T

et of the first
ith a preced-
inchor dura-

tion time is specified in byte 50 (T, for a 3T 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 [4T, 6T, 8T]

with a preceding 3T space (see Annex F). In case these bits (bits b to
the anchor duration time is specified in byte 51 (T, for a [4T, 6T, 8T]
preceding 25T space).
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Byte 76:

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the
first pulse, of the multi-pulse train, for recording marks of run-lengths [5T, 7T,
9T] with a preceding 3T space (see Annex F). In case of these bits (bits b to by),
the anchor duration time is specified in byte 52 (T, for [ST, 7T, 9T] mark with a
preceding >5T space).

The last 4 bits (bits b; to byy) of this byte shall specify the duration offset of the
pulse for recording marks of run-length 2T with a preceding 4T space and a suc-
ceeding 2T space (see Annex F). In case these bits (bits b; to by) apply, the anchor
duration time is specified in byte 48 (T, for a 2T mark with a preceding 25T
space and a succeeding 2T space).

Byte 77:

Byte 78:

Bytes 79 to 8

1:

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 add a $uc-
ceeding 23T space (see Annex F). In case these bits (bits b, to b,) apply, the gnchor
duration time is specified in byte 49 (T, for a 2T mark with a preceding 25T
space and a succeeding 23T space).

The last 4 bits (bits bs to by) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording marks of run-length 3T with a preced-
ing 4T space (see Annex F). In case these bits (bits b; tobg)apply, the anchor|dura-
tion time is specified in byte 50 (T;,, for a 3T mark with'a preceding 25T spage).

The first 4 bits (bits b, to b,) of this byte shall spécify the duration offset of the
first pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 6[T, 8T]
with a preceding 4T space (see Annex F). Iifcase these bits (bits b, to b,) apply,
the anchor duration time is specified in byte 51 (Ti,, for a [4T, 6T, 8T] mark yith a
preceding =5T space).

The last 4 bits (bits b; to by) of this®yte shall specify the duration offset of the
first pulse of the multi-pulse train-for recording marks of run-lengths [5T, 7T, 9T]
with a preceding 4T space (see-Annex F). In case these bits (bits b to b,) apply,
the anchor duration time is specified in byte 52 (T, for a [5T, 7T, 9T] mark yvith a
preceding =5T space).

AdT, p last pulse start time offset

These bytes specify the start-time offset of the last pulse of the multi-pulse tfain,
in the N/2 wiite strategy, for recording marks with run-lengths [4T, 6T, 8T] and
[5T, 7T, 9T] with a succeeding 2T, 3T, or 4T space (see Annex F).

The lasg pulse start time offset AdT| p is expressed as a fraction of the actual chan-
nel:bit'clock period, as a signed two’s-complement binary number h, such thgt:

AdT,
h=32x —— (-8<h<7).
Ty
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Table 8 — Dependence of the dT;, value for each mark

Mark

- 4,6,8M 5,79M
Succeeding space

28

3S h

>5S c
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Table 8 shows the dependence of the dT|p value for each mark that is going to be written, on the

preceding and succeeding spaces. The area denoted by "c" accommodates the anchor values and the
area denoted by "h" includes the offset values as follows.

h The area with this pattern includes the offset values, which are represented by "h".

The area with this pattern includes the anchor values, which are represented by "c". The
value "r = h + ¢" shall satisfy -30 < r < 30.

See F.3.

Byte 79: The first 4 bits (bits b, to b,) of this byte specify the start-time offset of the last
putse; of the mmutti-putsetraim, for recording marks of Turtengths 4167, 8T] with
a succeeding 2T space. In case these bits (bits b, to b,) apply, the anc¢her|position is
specified in byte 53 (dTp for a [4T, 6T, 8T] mark with a succeeding 25T §pace).

The last 4 bits (bits b; to by) of this byte shall specify the start{time offsgt of the last
pulse, of the multi-pulse train, for recording marks of run-lehgths [5T, 7T, 9T] 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 [5T, 7T, 9T] mark with asucceeding 25T ppace).

Byte 80: The first 4 bits (bits b, to b,) of this byte shall speeify the start-time offdet of the last
pulse, of the multi-pulse train, for recording marks’of run-lengths [4T, 6T, 8T] with

a succeeding 3T space. In case these bits (bits b, to b,) apply, the anchor|position is
specified in byte 53 (dTp for a [4T, 6T, 8T] mark with a succeeding >5T §pace).

The last 4 bits (bits b; to by) of this byte shall specify the start-time offsgt of the last
pulse, of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] with
a succeeding 3T space. In case these'bits (bits b; to b,) apply, the anchor{position is
specified in byte 54 (dT|p for a (5T, 7T, 9T] mark with a succeeding >5T ppace).

Byte 81: The first 4 bits (bits b, to by) of this byte shall specify the start-time offdet of the last
pulse of the multi-pulse train for recording marks of run-lengths [4T, 6T} 8T] with

a succeeding 4T space.In case these bits (bits b, to b,) apply, the anchor(position is
specified in byte 53dT) p for a [4T, 6T, 8T] mark with a succeeding 25T §pace).

The last 4 bits(bits b; to b)) of this byte shall specify the start-time offsgt of the last
pulse, of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] with
a succeeding 4T space. In case these bits (bits b to b,) apply, the anchor{position is
specifijediin byte 54 (dTp for a [5T, 7T, 9T] mark with a succeeding 25T fpace).

Bytes[82 to 84: ATy, last-pulse duration offset

These bytes specify the duration offset for the last pulse length of the mplti-pulse
train, in the extended N/2 write strategy, for recording marks with run-engths [4T,
6T, 8T] and [5T, 7T, 9T] with a succeeding 2T, 3T, or 4T space (see Anney F).

These bytes shall specify a fraction of the actual channel-bit clock period, as a signed

two’s-complement binary number v, such that:

AT,
v=32x — (8<v<7).
TW
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Table 9 — Dependence of the T, , value for each mark

Mark
Succeeding space
2S

35 v

4,6,8M 5,7.9M

25S d

This table shpws the dependence of the T|p value for each mark that is going to be writtenyjon the
preceding angl succeeding spaces. The area denoted by "d" accommodates the anchor values and the

area denoted py "v" includes the offset values as follows:

128

TIe 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
vdlue "s = v + d" shall satisfy 0 < s < 62.
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Byte 82:

Byte 83:

Byt

Bytes

ISO/IEC 30193:2020(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,8T] with a succeeding
2T space (see Annex F). In case these bits (bits b, to b,) apply, the anchor duration time is
specified in byte 55 (T p for a [4T, 6T, 8T] mark with a succeeding >5T space).

The last 4 bits (bits b; to b)) of this byte shall specify the duration offset of the last pulse,
of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] with a succeed-
ing 2T space (see Annex F). In case these bits (bits b; to b)) apply, the anchor duration
time is specified in byte 56 (T p for a [5T, 7T, 9T] mark with a succeeding >5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the last pulse
of the multi-pulse train for recording marks of run-lengths [4T, 6T, 8T] with a succeeding

p 84:

85 to 92 and 93 (msb, 4 bits): AdTg start time offset of the erase level

— —___Tapte t0—Depemdence of thed Ty value foreachrmmark————

3T space (see Annex F). In case these bits (bits b, to b,) apply, the anchor-dfiration time
is specified in byte 55 (T p for a [4T, 6T, 8T] mark with a succeeding >5T] space).

The last 4 bits (bits b; to b)) of this byte shall specify the duration.offset of|the last pulse
of the multi-pulse train for recording marks of run-lengths [5T, 7ZL-9T] with a succeed-
ing 3T space (see Annex F). In case these bits (bits b; to b)) apply, the anch¢r duration
time is specified in byte 56 (T p for a [5T, 7T, 9T] mark with @Succeeding >pT space).

The first 4 bits (bits b, to b,) of this byte shall specify.the-duration offset of|the last pulse,
of the multi-pulse train, for recording marks of rundengths [4T, 6T, 8T] with a succeeding
4T space (see Annex F). In case these bits (bits b;to)b,) apply, the anchor dyration time is
specified in byte 55 (T p for a [4T, 6T, 8T] markwith a succeeding >5T space).

The last 4 bits (bits b; to b)) of this byte shall specify the duration offset ofjthe last pulse,
of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] with a succeed-
ing 4T space (see Annex F). In case thése'bits (bits b; to by) apply, the anchgr duration
time is specified in byte 56 (T p fora{5T, 7T, 9T] mark with a succeeding >pT space).

These bytes specify the start-time offset of the erase level, in the extendedl N/2 write
strategy for recordinginarks with run-lengths 2T, 3T, 4T, and 25T with a $ucceed-
ing 2T, 3T, or 4T space-(positive values are leading, negative values are lagging;

see Annex F).

The start time'offset of the erase level AdTF} is expressed as a fraction of the actual
channel-hiticlock period, as a signed two’s-complement binary number w, [such that:

AdTg
w =32 x (=24 < w < 15) forByte 85 and 86;

w

AdT,
w=32x T E (-8 =w < 7) forByte 87 to 92 and 93 (msb 4 bits).

w

Mark 2M

Preceding space 3M 4,6,8M 5,7.9M

2S 23S

Succeeding space

25

3S w

>5S e
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Table 10 shows the dependence of the dT value for each mark that is going to be written on the

preceding and succeeding spaces. The area denoted by "e" accommodates the anchor values and the
area denoted by "w" includes the offset values as follows:

w  The area with this pattern includes the offset values, which are represented by "w".

The area with this pattern includes the anchor values, which are represented by "e". The
value "u = w + " shall satisfy -62 < u < 30.

See F.3.

Byte 85: The first 6 bits (bits b, to b,) of this byte shall specify the start-time offset
of theerasetevetforrecording marks of Turrtengtir 2 withasucceeding 2T
space and a preceding 2T space. In case this byte applies, the anchorpogition
is specified in byte 57 (dTg for a 2T mark with a preceding 2T space ahdfa
succeeding 25T space).

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

Byte 86: The first 6 bits (bits b; to b,) of this byte shall specify the start-time offdet
of the erase level for recording marks of run-length 2F with a succeeding 2T
space and a preceding 23T space. In case this byte-applies, the anchor pgsition
is specified in byte 58 (dTj for a 2T mark with apréceding 23T space anfl a
succeeding 25T space).

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

Byte 87: The first 4 bits (bits b, to b,) of this byte shall specify the start-time off4et of
the erase level of the multi-pulse train for recording of marks of run-length

3T with a succeeding 2T space. In‘case of these bits (bits b; to b,), the arjchor
position is specified in byte 59(d T for 3T mark with a succeeding 25T gpace).

The last 4 bits (bits b to by) of this byte shall specify the start-time offsgt
of the erase level of the taulti-pulse train for recording marks of run-lengths
[4T, 6T, 8T] with a succeeding 2T space. In case these bits (bits b; to by) ppply,
the anchor position 15 specified in byte 60 (dTy for a [4T, 6T, 8T] mark with a
succeeding 25T space).

Byte 88: The first 4 bits (bits b, to b,) of this byte shall specify the start-time offdet of
the eraselevel of the multi-pulse train for recording marks of run-lengtHf [5T,
7T, 9T}with a succeeding 2T space. In case these bits (bits b, to b,) applly,
the.anchor position is specified in byte 61 (dTg for a [5T, 7T, 9T] mark wijth a
succeeding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offsgt

of the erase level for recording marks of run-length 2T with a succeeding 3T

space and a preceding 2T space. In case these bits (bits bs to b,) apply, the
L o o . thg 2T

space and a succeeding 25T space).

Byte 89: The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset
of the erase level for recording marks of run-length 2T with a succeeding 3T
space and a preceding 23T space. In case these bits (bits b, to b,) apply, the
anchor position is specified in byte 58 (dT} for a 2T mark with a succeed-
ing 25T space and a preceding 23T space).

The last 4 bits (bits b; to by) of this byte shall specify the start-time offset of
the erase level, of the multi-pulse train, for recording marks of run-length 3T
with a succeeding 3T space. In case these bits (bits bs to b,) apply, the anchor
position is specified in byte 59 (dT for a 3T mark with a succeeding 25T space).
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The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of
the erase level, of the multi-pulse train, for recording marks of run-lengths
[4T, 6T, 8T] with a succeeding 3T space. In case these bits (bits b, to b,) apply,
the anchor position is specified in byte 60 (dTy for a [4T, 6T, 8T] mark with a
succeeding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset of
the erase level, of the multi-pulse train, for recording marks of run-lengths
[ST, 7T, 9T] with a succeeding 3T space. In case of these bits (bits bs to b)
the anchor position is specified in byte 61 (dTg for a [ST, 7T, 9T] mark with a
succeeding 25T space).

Bytf 91:

Bytf 92:

By

—t

e 93 (msb, 4 bits):

Byte 93 (Isb;4 bits):

The first 4 bits (bits b, to b,) of this byte shall specify the start-tjme offset

of the erase level for recording marks of run-length 2T with.d sudceeding 4T
space and a preceding 2T space. In case these bits (bits b,®p'b,) dpply, the an-
chor position is specified in byte 57 (dTg, for a 2T mark with a sudqceeding >5T
space and a preceding 2T space).

The last 4 bits (bits b; 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 sudceeding 4T
and a preceding 23T space. In case these bit$\(bits b5 to b)) apply} the anchor
position is specified in byte 58 (dTg for a. 2T)mark with a preceding 23T space
and a succeeding =5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-tithe offset of
the erase level of the multi-pulsé train for recording marks of runjlength 3T
with a succeeding 4T space. In'€ase these bits (bits b, to b,) apply}the anchor
position is specified in byte 59 (dT for a 3T mark with a succeedihg 25T space).

The last 4 bits (bits b; t&b,) of this byte shall specify the start-tijne offset

of the erase level of the'multi-pulse train for recording marks of fjun-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 (dTy for a [4T, 6T, 8T] thark with a
succeeding 25T space).

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 jun-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 (dTg for a [ST, 7T, 9T] thark with a
succeeding 25T space).

Reserved
These bits shall be set to 0000.

Bytes 94 to 99:

Bytes 100 to 111:

Reserved
These bytes shall be set to 00h.

DI unit footer
See 15.8.3.2.

15.8.3.5 Definitions for DI format 6 (Extended N-1 write strategy and higher reading velocity)

DI format 6 shall be used only with DI format 4. The content of the body of DI units according to DI
format 6 shall be as depicted in Figure 81.
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Byte number Content Number of bytes
0to7 DI-unit header 8
8to 10 BD layer-type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-pull polarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BCA descriptor 1
17 Read transfer rate corresponding to higher reading 1
velocity
18 Reserved 1
19to0 26 Data-zone allocation 8
27 Reserved 1
2810 29 Recording velocities 2
30 Maximum dc read power at the read transfer rate 1
corresponding to higher reading velocity
31 Maximum HF-modulated read power at the read transfer 1
rate corresponding to higher reading velocity
32 Reserved 1
33to41 Write-power settings 9
42 Twp write multi-pulse duration 1
43t047 dTiop first write-pulse start time 5
48to 52 Tiop first write-pulse duration 5
53 to §5 dTip last write-pulse start time 3
56 to 38 Tip last-pulse duration 3
59 to 63 dTg start time of the erase level 5
64 Reserved 1
65to 72 aphd 73 | AdTwp first write-pulse startitime offset 8,5
(msb 4Hits)
73 (Isb 4pits) | ATiwp first write-pulse duration offset 7,5
and 74 tp 80
81 to 84 ahd 85 | AdTip last-pulse start time offset 4,5
(msb 4Hits)
85 (Isb 4pits) | ATiplast-pulse duration offset 4,5
and 86 tp 89
90 to 97 apd 98 | AdTgstart time offset of the erase level 8,5
(msb 4Hits)
98 (Isb 4pits),~| Reserved 0,5
99 Reserved 1
100 to 1+ Dl unitfooter 12

Figure 81 — Content of disk information for DI format 6
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Bytes 0 to 1, 3 to 16, 18 Each of these bytes shall be set to the same value as that of DI format 4 of

to 29,32 to 111:

Byte 2:

Byte 17:

this document.

DI format number

This byte shall be set to 06h, identifying a DI unit according to the descrip-
tion in this 15.8.3.5.

Read transfer rate corresponding to higher reading velocity

This byte specifies the data transfer rate to define higher velocity for read-
ing than the nominal recording velocity, as a number n such that

Byte 30:

Byte 31:

n = data transter rate iIn M bit/s (n = 255: M = 10%);

In this document, n shall be set to 90h and referred as 4x referg
in read stability (see 30.7).

Maximum dc read power at the read transfer rate-correspc
higher reading velocity

The maximum read power is defined as the;makimum optical
which this DI unit applies on the entrance\surface of the disk, a
least 106 successive reads can be applied without degrading th
signals (see 30.7). Maximum read ppowers in this clause shall be
or equal to the read powers definedyin 30.7. By default, the pow

nce velocity

nding to

ower to

[ which at

b recorded
greater than

ers defined in

30.7 shall be used. This byte shal specify the maximum dc readl power P, at

the read transfer rate correspending to higher reading velocity
expression of this byte is:

n =100 x P, where P, is'eXpressed in milliwatts.

NOTE For reading-atlower velocities than the reading velocity
in this DI unit, a reduction of the read power can be necessary 1
stability of theésrecordings on the disk. Read power at intermed
can be obtained with linear interpolation.

Maximum HF modulated read powers at the read transfer
sponding to higher reading velocity

The maximum read power is defined as the maximum optical g
which this DI unit applies on the entrance surface of the disk, a
least 100 successive reads can be applied without degrading th
signals (see 30.7). Maximum read powers in this clause shall be
or equal to the read powers defined in 30.7. By default, the pow
30.7 shall be used. This byte shall specify the maximum HF mo
power P, at the read transfer rate corresponding to higher reag

. The decimal

specified
o guarantee
ate velocity

rate corre-

ower to

[ which at

b recorded
greater than

ers defined in

dulated read
ing velocity.

The decimal expression of this byte is:

n =100 x P, where P, is expressed in milliwatts.

NOTE For reading at lower velocities than the reading velocity specified
in this DI unit, a reduction of the read power can be necessary to guarantee

stability of the recordings on the disk. Read power at intermed
can be obtained with linear interpolation.

iate velocity

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.

© ISO/IEC 2020 - All rights reserved

133


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

ISO/IEC 30193:2020(E)

Byte number Content Number of
bytes
Oto7 DI-Unit header 8
8to 10 BD Layer-Type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-Pull polarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BCA descriptor 1
17 Read transfer rate corresponding to higher Reading Velocity 1
18 Reserved T
19 to 2p Data-Zone allocation 8
27 Reserved 1
28 to 2P Recording Velocity 2
30 Maximum dc read power at the read transfer rate corresponding 1
to higher Reading Velocity
31 Maximum HF-modulated read power at the read transfep rate 1
corresponding to higher Reading Velocity
32 Reserved 1
33to 4] Write-power settings 9
42 Twmp write multi-pulse duration 1
43 to 4} dTiop first write-pulse start time 5
48 to 5P Top first write-pulse duration 5
53 to 5¢ dTyp last write-pulse start time 2
55to 5p Tip last-pulse duration 2
57 to 6] dTg start time of erase level 5
62 Reserved 1
63 to 70 anld 71 | AdTp first write-pulse starttime offset 8,5
(msb 4 bits)
71 (Isb 4 Bits) | ATiop first write-pulse duration offset 7,5
and 72 to 78
79 to 8|l AdTip last-pulse start time offset 3
82 to 8§ ATip last-pulse duration offset 3
85 to 92 and 93 | AdTk start time offset of the erase level 8,5
(msb 4 bits)
93 (Isb 4 Hits ) | Reserved 0,5
94 to 9P Resgerved 6
100 to 1f11 DI Unit footer 12

Figure 62 — Content of disk information for DI format 7/
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Bytes 0 to 1, 3 to 16, 18 Each of these bytes shall be set to the same value as that of DI format 5 of

to 29,32 to 111:

Byte 2:

Byte 17:

this document.

DI format number

This byte shall be set to 07h, identifying a DI unit according to the descrip-
tion in this 15.8.3.6.

Read transfer rate corresponding to higher reading velocity

This byte specifies the data transfer rate to define higher velocity for read-
ing than the nominal recording velocity, as a number n such that:

Byte 30:

Byte 31:

n = data transter rate in M bit/s (n = 255: M = 10%).

In this document, n shall be set to 90h and referred as 4x referg
in read stability (see 30.7).

Maximum dc read power at the read transfer rate-correspc
higher reading velocity

The maximum read power is defined as the;makimum optical
which this DI unit applies on the entrance\surface of the disk, a
least 106 successive reads can be applied without degrading th
signals (see 30.7). Maximum read ppowers in this clause shall be
or equal to the read powers definedyin 30.7. By default, the pow

nce velocity

nding to

ower to

[ which at

b recorded
greater than

ers defined in

30.7 shall be used. This byte shal specify the maximum dc readl power P, at

the read transfer rate correspending to higher reading velocity
expression of this byte is:

n =100 x P, where P, is'eXpressed in milliwatts.

NOTE For reading-atlower velocities than the reading velocity
in this DI unit, a reduction of the read power can be necessary 1
stability of theésrecordings on the disk. Read power at intermed
can be obtained with linear interpolation.

Maximum HF modulated read powers at the read transfer
sponding to higher reading velocity

The maximum read power is defined as the maximum optical g
which this DI unit applies on the entrance surface of the disk, a
least 100 successive reads can be applied without degrading th
signals (see 30.7). Maximum read powers in this clause shall be
or equal to the read powers defined in 30.7. By default, the pow
30.7 shall be used. This byte shall specify the maximum HF mo
power P, at the read transfer rate corresponding to higher reag

. The decimal

specified
o guarantee
ate velocity

rate corre-

ower to

[ which at

b recorded
greater than

ers defined in

dulated read
ing velocity.

The decimal expression of this byte is:

n =100 x P, where P, is expressed in milliwatts.

NOTE For reading at lower velocities than the reading velocity specified
in this DI unit, a reduction of the read power can be necessary to guarantee

stability of the recordings on the disk. Read power at intermed
can be obtained with linear interpolation.

15.8.3.7 Write-strategy requirements

iate velocity

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
15.83.3 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?
a Atleast one of these two shall be present.
Fignrn 83 — Writp-cfrafpgy fypp (nl format4 and ':) rpqnirpm ents

Furthermore,
reading veloc

DI units of DI format 6 and DI format 7 containing read power parameters-for
ty, may be added (see Figure 84) in order of preference. See Figure 77.

DI Unit according to

DI Unit accordjngto

15.8.3.5 15.8.36
(DI Format 6, (DI Format 7,
Extended N-1 write Extended N/2 write
strategy and higher strategy’and higher
Reading Velocity) Reading Velocity)
for 4x Reading Velocity Optionala Optional®

a Applicable only when DI format 4 is present
b Applicable only when DI format 5 is present

15.8.3.8 Usage of DI units

By using the ¢
facilitates the
layers, while |

Generally, ea
parameters),

Additionally,
Byte 3 shall b

e set according to the specifications in 15.8.3.2.

Figure 84 — Write-strategy type (DI format 6 and 7) requirements

oncept of multiple DI units;-identified by their DI-format number (byte 2), the BD 3
(future) use of disks for.different recording velocities and with three or more rec
xeeping backwards éempatibility in the best possible way.

Ch different recording velocity can need a different write strategy (different
which write strategy furthermore can depend on the applied technology.

bach recording layer can a different set of values for the write strategy parameters,

higher

ystem
prding

set of

Byte 5 shall b

| R ol o Y 3
aSCU atCoOTUTITS O tIIC Ot SCT TP CIUTT T

1L 0 2 9
1T I.0. 0. Z~.

In this document, bytes 28 and 29 in all DI units are set to 02 E2h to indicate a nominal recording
velocity of 7,38 m/s (33,4 GB per layer) for defining various parameters for 2x recording velocity,
and byte 17 in DI units of DI format 6 and DI format 7 is set to 90 h to indicate a data transfer rate of
143,860 Mbit/s for defining the read power parameters for 4x reading velocity.

An example of those assignments is shown in Figure 85.
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byte 2: DI-Format Number 4
byte 3: # of DI's/L# 6/0
byte 4: --- 00h
byte 5: sequence # 0
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 98:WS EX_N-1
byte 2: DI-Format Number 5
byte3+—H#H-of PlsAHH /6
byte 4: --- 00h
byte 5: sequence # 1
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 93:WS EX _N/2
byte 2: DI-Format Number 4
byte 3: # of DI's/L# 6/1
byte 4: --- 00h
byte 5: sequence # 2
msb of byte 6: 0
byte 28 to 29: Velocity 2X
byte 42 to 98:WS EX N-1
byte 2: DI-Format Number 5
byte 3: # of DI's/L# 6/1
byte 4: --- 00h
byte 5: sequence # 3
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 93:tWS EX_N/2
byte 2: DI*Format Number 4
byte3:# of DI's/L# 6/2
byte 4: --- 00h
byte 5: sequence # 4
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 98:WS EX N-1
byte 2: DI-Format Number 5
byte3-H-of Bls/H# /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 I

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: Velqcity 2x
byte 42 to 93:WS EX N/2
byte 2: DI*)Format Number 4
byte3:# of DI's/L# 12/2
byte 4: --- 00h
byte 5: sequence # 4
msb of byte 6: 0
byte28-to29-Veloreity 2%
byte 42 to 98:WS EX N-1

Figure 86 — Example of DI sequence for 2x disk (TL) with 12 DI units of DI format 4,5,6 and 7
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byte 2: DI-Format Number 5
byte 3: # of DI's/L# 12/2
byte 4: --- 00h
byte 5: sequence # 5
msb of byte 6: 0
byte 28 to 29: Velocity 2x
byte 42 to 93:WS EX N/2
byte 2: DI-Format Number 6
byte 3: # of DI's/L# 12/0
Byte 4 00R
byte 5: sequence # 6
msb of byte 6: 0
byte 17: Read transfer rate ix
(Reading Velocity)

byte 28 to 29: Recording Velocity %
Ef)’tvieso to 31: Maximum read Maximum read power@byte 17
byte 42 to 98:WS EX'N-1
byte 2: DI-Format Number 7
byte 3: # of DI's/L# 12/0
byte 4: --- 00h
byte 5: sequence # 7
msb of byte 6: 0
byte 17: Read transfer ” rate ix
(Reading Velocity)

byte 28 to 29: Recording Velocity %
Eztvierso RO Maximum read Maximum read power @byte 17
byte 42 t693: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 Vetocity)

byte 28 to 29: Recording Velocity %
Ezt\f/ergo to 31: Maximum read Maximum read power @byte 17
byte 42 to 98:WS EX N-1

(2 of 3)

© ISO/IEC 2020 - All rights reserved
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byte 2: DI-Format Number 7
byte 3: # of DI's/L# 12/1
byte 4: --- 00h
byte 5: sequence # 9
msb of byte 6: 0
byte 17: Read transfer rate ax
(Reading Velocity)
byte 28 to 29: Recording Velocity %
l:’{fjo to 31: Maximum read Maximum read power @byte 17
byte 42 to 93:WS EX N/2
byte 2: DI-Format Number 6
byte 3: # of DI's/L# 12/2
byte 4: --- 00h
byte 5: sequence # 10
msb of byte 6: 0
byte 17: Read transfer rate 4x
(Reading Velocity)
byte 28 to 29: Recording Velocity o
Ezt‘f,efo to 31: Maximum read Maximum read power @byte 17
byte 42 to 98:WS EX N-1
byte 2: DI-Format Number 7
byte 3: # of DI's/L# 12/2
byte 4: --- 00h
byte 5: sequence # 11
msb of byte 6: 0
byte 17: Read transfer rate ix
(Reading Velocity)
byte 2810:29: Velocity 2x
Eﬁefo to 31 Maximum read Maximum read power @byte 17
byte 42 to 93:WS EX N/2
| Repeat |

Figure 86 — Example 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

16.1 General

The information zone, which contains all information on the disk that is relevant for data interchange,
is located in the information area extending from dq to d, (see 10.8.1 and Figure 13).
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The inner part of inner zone 0 (protection-zone 1 + PIC) shall contain HFM grooves which can hold
replicated information about the disk. The outer part of the inner zone 0, the other inner zones, data
zones and outer zones constitute the rewritable areas in which the information is recorded on the
wobbled grooves using the phase-change effect.

16.2 Format of information zone

The information zone is divided into nine parts: a Lead-in zone (part of inner zone 0), data zone 0 and
outer zone 0 on layer L0, outer zone 1, data zone 1 and inner zone 1 on layer L1, and inner zone 2, data
zone 2 and a lead-out zone on layer L2 (see Figure 87, Figure 88 and Figure 89).

Data zane 0, data zone 1 and data zone 2 are intended for rprnrding nserdata. The lead-in zone contains
replicdted 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 Z-allow for a smooth
run-infrun-out for their respective layers and also contain control information.

17 Layout of rewritable area of information zone

The rewritable area of the information zone is constituted from partdf the inner zones, the data zones
and thg outer zones. The start radii for the zones indicated in Figure 8%, Figure 88 and Figlire 89 are the
nominpl values of the centre of the first/last groove track of thatzone.

The physical ADIP addresses (PAA) listed are the first/last address in the groove trackq of each zone.
Also, the number of physical clusters (RUBs) that can be récorded per zone are indicated.
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Nominal First PAA
Layer LO Description starting of Zone Number of
radius : Phys.
(mm) Last PAA Clusters
of Zone
First transition Area ending radius 11,5 mm
Clamping Zone starting radius 11,5 mm
ending radius 16,5 mm
Second transition Area starting radius 16,5 mm
ending radius 21,0 mm
starting “wide pitch” BCA
radius Grooves
21,0 mm
Protection- 22,2 - 84
Zone 1
Embossed (First AUN =00
HFM 0C 04 80h 2720
(HFM PIC 22,510 | (x4KB
Groove) Last AUN = 00
0C19 BEh)
Protection - 001 83 38h
Zone 2 23,068 : 300
00187 E6h
00187 E8h
Buffer 237107 : 3078
0 01 B7 FEh
001 B8 00h
Lead-in INFO:2 23,468 : 256
| Zone 0 01 BB FEh
- (part of 001 BC 00h
Informatipn | Information Inner OPCO 23,498 : 2048
Area ZO|ne Zone 0) 0 01 DB FEh
! 001 DC00h
tracki Reserved 23,736 : 2048
Qs % | Rewritable 001 FB FEh
(Wobbled 0 01 FC 00h
Groovg) INFO 1 23,971 : 256
0 01 FF FEh
24,000 002 00 00h
Data :
Zone 0 : 509 15p
LAA
INFO 3/4 LAA + 2h
58,000 : 294
LAA + 4 98h
Outer LAA + 4 9Ah
Zone 0 DCZO0 58,014 : 760
LAA + 10 78h
Protection- 58,050 LAA +10 7Ah ---
Zone 3 :
ending radius
58,5 mm
Rim Area starting radius 58,5 mm

Figure 87 — Layout of information zone on layer L0
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Nominal Last PAA
Description| ending of Zone Number of
Layer L1 radius : Phys.
(mm) First PAA Clusters
of Zone
ending radius “wide pitch”
21,0 mm Groove
Wobbled Protection - 22,2 2
Groove Zone 1 0 7E C5 B8h
Buffer 0 7E C5 B6h
22,510 : 4104
0 7E 85 98h
0 7E 85 96h
OPC1 23,004 : 2048
0 7E 6598h
Reserved 0 7E.65 96h
23,246 : 1894
Inner Zone 0'7E 48 00h
1 0 7E 47 FEh
) INFO 2 23,468 : 256
tl-'ackllng 0 7E 44 00h
direction 0 7E 43 FEh
Inforimation | Reserved 23,498 : 4096
Area Information Rewritable 0 7E 04 00h
Zone (Wobbled 0 7E 03 FEh
1 Groove) INEO 1 23,971 : 256
| 0 7E 00 00h
24,000 0 7D FF FEh
Data :
Zoned : 509 152
FAA2
FAA - 2h
INFO 3/4 58,000 : 294
FAA - 4 98h
Outer FAA - 4 9Ah
Zone 1 DCZ 1 58,014 : 760
FAA -1078h
Protection - 58,050 FAA - 10 7Ah
Zone 3 :
starting radius
58,5 ntn
aFAAl= LAA + 18000 01h (see 15.7.4.3).
Figul [ 88 - LdyUuL Uf illfUl llldLiUll LZOIIC Ul1 idycl Li
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Nominal First PAA
Description| starting of Zone Number
Layer L2 radius : of Phys.
(mm) Last PAA Clusters
of Zone
starting “wide pitch”
radius Groove
21,0 mm Wobbled Protection-| 22,2 ==
Groove Zone 1
Buffer 081 3A48h
22,510 : 200
081 3D 66h
081 3D 68h
OPC 2 22,535 : 2,048
081 5D 66h
081 5D 68h
Reserved 22,782 : 1600
081.796 66h
08176 68h
INFO 2 22,973 : 256
| Inner Zone 81 7A 66h
1 2 081 7A 68h
. Reserved 23,004 : 2048
) Informatlon 081 9A 66h
Informatior Zone _ 0 81 9A 68h
Area ! Rewritable Buffer <} 23,246 : 6216
. (Wobbled 081 FB FEh
tl.'ackling Groove) 081 FC 00h
direction INFO1 | 23,971 : ok
0 81 FF FEh
24,000 08200 00h
Data :
Zohe 2 : 509 152
LAA2a
58,000 LAA2 + 2h
INFO 3/4 : 294
Lead-out LAA2 + 4 98h
Zone LAA2 + 4 9Ah
(Outer DCZ 2 58,014 : 760
Zone 2) LAA2 +1078h
Protection - 58,050 LAA2 + 10 7Ah --
Zone 3 :
ending(radius
58;5*mm
Rim Area starting radius 58,5 mm |
aLAA2 = LAA+ 08000 0Oh (see 15.7.4.5).

Physical-sector numbering

Each cluster contains 32 physical sectors, and each physical sector contains 2K data bytes. Although
these numbers are not included in the data recorded on the disk, each physical sector is associated with
a (virtual) physical-sector number (PSN).

The PSN increase by one for each successive physical sector in the tracking direction of the related

Figure 89 — Layout of information zone on layer L2

recording layer.
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The PSN of the first physical sector of each physical cluster is a multiple of 32.
Bits PS3; to PS,g of the PSN shall be reserved.

Bits PS,- to PS,z of the PSN shall be set to the layer number.

The first PSN in the data zone 0 is 00 10 00 00h.

The last PSN in the data zone 0 is 8 x LAA + 15, which is

01 08 9B FFh.
The first PSN in the data zone 1 is 8 x FAA, which is
04 F7 64 00h.
The last PSN in the data zone 1 is 03 EF FF FFh.
The fiyst PSN in the data zone 2 is 04 10 00 00h.
The lagt PSN in the data zone 2 is 8 x LAA2 + 15, which is
03 08 9B FFh.
setto
Layer number PSN
MSB l LSB
plp[F[P P P P P PP P
S SIs|S|s S S S S S| |s|s S
2(2|22 2 1 1 8 5|2 0
7 5|4 6 5
In Cluster ,
count ZERO
/_/H
Address Unit Number (AUN) i l i i
YYYVYVYY YVVY VY v YVYVYVYVVYY YVYYy
o TTTRRR] G (ol T T ol
3 2(2|2 |2 2 1 1 8 9 [5”1 1/0
1 7161514 3 6 5
setto
00,01, 10
consecutively
YYVYVYY YYVYVYY vvvll
ﬁ ARAA [ JATA] A AR AR
2 2
GG AR o PLLLLERE
Physical ADIP Address
Figure 90 — Physical ADIP addresses derived from PSNs

These PSNs are converted to address-unit numbers, which shall be recorded in the BIS columns of the
ECC clusters (see 13.9.2.3).

Finally, a physical ADIP address is derived from the PSN/AUN as defined in Figure 90. This PAA identifies
the location on the disk where the data shall be recorded.

18 Inner zone

18.1 General

On layer L0, the innermost zone of the information zone is called the lead-in zone (part of inner zone 0).
On layer L1 and layer L2, they are called inner zone 1 and inner zone 2.
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Inner zone 0 (in its lead-in zone part) contains an embossed HFM area and a rewritable area inner zone
1 and inner zone 2 (in its lead-out zone part) contain embossed wobbled parts and rewritable areas
(see Figure 91, Figure 92 and Figure 93).

In the embossed HFM area on layer L0, all grooves shall be encoded according to the format as defined
in 15.5 and with its other subclauses.

On layer LO, this encoding shall start at a radius 22,2_%’2 mm , such that the first AUN of the first cluster
shall be 00 0B F8 E2h.

The addresses shall be continuously increasing as described in 15.5.3.2 and shall end with
AUN = 00 0C 19 BEh-inthelast 4K cluster at-the gutermostradius-ofthe PIC zone

In protection{zone 1 of inner zone 0, the content of the data frames can be set to all 00h ortheyican be
equal to the cpntent in the PIC zone.

Protection-zope 1 is intended to be a protection area against overwriting of the PIC zoneby the BCA code.

In the permapnent information and control data (PIC) zone, general information’about the difk and
various other|information can be stored in the embossed HFM groove.

In the rewritgble area and the wobbled grooved area (protection-zone 1{on layer L1 and layer 1.2), all
grooves shall|be wobbled as defined in 15.6.

The rewritable areas of each inner zone are used to execute OPC optimum power control) procgdures
and to store ppecific information about the disk, such as disk management information and ¢ontrol
information. Also, a zone has been reserved where drives can'store their own specific informatiqn.

146 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 30193:2020(E)

Figure 91 — Lead-in zone

Lead-in Description First PAA Number of Purpose
zone of zone Phys.clusters
Protection-
zone 1 o o o
Embossed PIC Permanent information
HFM - o & control data zone
Protection- 00183 38h 300
zone 2
Buffer 001 87 E8h 3078
Reserved 8 001 B800h 32 future extension
Reserved 7 001 B880h 32 future extension
Reserved 6 001 B9 00h 32 future extension
INFO 2 Reserved 5 001 B9 80h 32 future extension
PAC 2 001 BAOOh 32 Physical-accdss control
DMA 2 001 BA80h 32 Disk manapement
J Controldata2 | 001 BB 00h 32 data information
Rewritable Buffer 2 0 01 BB 80h 32
OPC 0 Test Zone 001 BC 00h 2048 OPC tegting
racking
direction | Reserved --- 001 DC 00h 2048 future extpnsion
Buffer 1 001 FCOOh 32
Drive area 001 FC80h 32 Drive-spiecific
Reserved 3 0 01 FD 00h 32 future extension
INFO 1 Reserved 2 0 01 FD 80h 32 future extension
Reserved 1 0 01 FE\OOh 32 future extension
DMA 1 0 0T¢FE 80h 32 Disk manapement
Controldatal | 001 FF 00h 32 data information
PAC 1 001 FF 80h 32 Physical-accdss control
(Data zone.0),1 002 00 00h
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Inner Description First PAA Number of Purpose
zone 1 of zone Phys. clusters
(Data zone 1)
PAC1 07E 00 00h 32 Physical-access control
Controldatal | 0 7E 00 80h 32 data information
DMA1 07E 01 00h 32 Disk management
INFO 1 Reserved 1 07E 01 80h 32 future extension
Reserved 2 07E 02 00h 32 future extension
Reserved 3 07E 02 80h 32 future extension
Drive area 0 7E 03 00h 32 Drive-specific information
1 Buffer 1 0 7E 03 80h 32
Rewritable Reserved --- 0 7E 04 00h 4096 future extension
Buffer 2 0 7E 44 00h 32
tracking Controldata2 | 0 7E 44 80h 32 data information
direction DMA 2 0 7E 45 00h 32 Disk management
PAC 2 0 7E 45 80h 32 Physical-access conttol
INFO 2 Reserved 5 07E 46 00h 32 futire extension
Reserved 6 0 7E 46 80h 32 future extension
Reserved 7 07E 47 00h 32 future extension
Reserved 8 0 7E 47 80h 32 future extension
Reserved 0 7E 48 00h 1894 future extension
OPC1 Test zone 0 7E 65 98h 2.048 OPC testing
Buffer 0 7E 85 98h 4/104
Wobbled Protection-
grooves zone 1 VB Ls

148

Figure 92 —Inner zone 1
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Inner Description First PAA Number of Purpose
zone 2 of zone Phys. clusters
Wobbled Protection- . . .
grooves zone 1
Buffer 0813A48h 200
OPC2 Test Zone 081 3D 68h 2048 OPC testing
Reserved --- 0815D 68h 1600 future extension
Reserved 8 08176 68h 32 future extension
Reserved 7 08176 E8h 32 future extension
Reserved 6 08177 68h 32 future extension
Reserved b 08T /7 E3h 32 future extension
INFO 2 Reserved 08178 68h 32 future)extension
DMA 2 081 78 E8h 32 Disk manggement
Controldata2 | 08179 68h 32 data infoyymation
‘L Buffer 2 08179 E8h 32
Repwritable Reserved --- 081 7A 68h 2048 future extension
Ctl’]?ggir;’fl Buffer 08194 68h 6 240
Buffer 1 081 FCO0O0Oh 32
Drive area 081 FC80h 32 Drive-specificfinformation
Reserved 3 081 FD 00h 32 future exfension
Reserved 2 081 FD 80h 32 future extension
INFO 1 Reserved 1 0 81 FE00h 32 future extension
DMA 1 0 81,FE 80h 32 Disk manggement
Controldata1 |, 0-:81 FF 00h 32 data infoymation
Reserved 0 81 FF 80h 32 future exfension
(Datazone?2) | 08200 00h
Figure 93 — Inner zone 2
18.2 Permanent infermation and control data (PIC) zone
18.2.1] General
The pgrmanenht-information and control data (PIC) zone is an embossed HFM area with ddta for various
purposes, (such as disk information. If no specific PIC data is supplied, all user-data pytes (before
scrambpling) shall be set to 00h.

18.2.2 Content of PIC zone

The PIC zone shall consist of 5 repetitions of a PIC-info fragment, where each PIC-info fragment consists
of 544 PIC clusters (for a total of 2 720, see Figure 94). The PIC clusters shall be formatted as described
in 15.5.

The PIC-info fragments shall start on layer LO at AUNs: 00 0C 04 80h, 00 0C 08 COh, 00 0C 0D 00h, 00 0C
11 40h and 00 0C 15 80h.
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PIC-Info Fragment PIC-Cluster AUN
number number on Layer LO

0 000C 04 80h
1 000C 04 82h
IFO 2 000C 04 84h
543 00 0C 08 BEh
0 000C 08 COh

IF1 : :
543 00 0C OC FEh
0 00 0C 0D 00h

IF 2 : :
543 000C 11 3Eh
0 000C1140h

IF 3 : :
543 000C 15 7Eh
0 000C1580h

IF 4 : :
543 000C 19 BEl

Figure 94 — PIC zone

The first PIC dluster of each info fragment shall contain a copy pf'the disk-information block as corlt)ained
in the ADIP ayx frames (see 15.8.3 and Figure 95). Only the. first 112 bytes of each disk information aux
frame shall bg included (excluding the 32 parity bytes).df less than 32 DI units are present, then the
remaining byfes up to byte 3 584 shall be set to 00h.

The last 512 Qytes of the first PIC cluster of each info fragment shall contain the emergency-brake data
set, see 18.2.4 and Figure 95.

Byte position Content Number of
in PIC Cluster bytes
0to 111 DI Unit 0 112
112t 223 DI Unit 1 112
) : 112x28
3360to3471 DI Unit 30 112
3472 to 3 583 Reserved 112
3584 to 4 095 EB Data Set 512

Figure 95 — First PIC cluster of each info fragment

All 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
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a maximum of 62 EB-data fields may be applied. The emergency-brake data shall be implemented as

depicted in Figure 96.

Byte number Function Definition Number of bytes
3584 to 3585 Identifier 2
3586 Version 1
3587 EB Ri d 1
Header eserve
3588 List length 1
3589t03591 Reserved 3
3092103 595 Drive-Manutacturer ID 2
3594 to 3595 EB Drive Model 2
3596 to 3 597 Data field 1 Firmware Version 2
3598103599 Drive Actions 2
(3584 +ix8)to(3584+ix8)+1 Drive-Manufacturer ID 2
3584 +ix8)+210(3584+ix8)+3 | Ef’? y Drive Model 2
[ ata field i
3584 +ix8)+4t0(3584+1x8)+5 | (1cjcy) |, CBirmwareVersion 2
[3584+ix8)+6to(3584+ix8)+7 Drive Actions 2
(3584+Nx8)to(3584+Nx8)+1 Drive-Manufacturer ID
(3584+Nx8)+2to(3584+Nx8)+3 Drive Model
EB
(3584 +Nx8)+41to(3584+N%x8)+5 | DataField N Firmware Version 2
(N<62)
(3584+Nx8)+61t0(3584+Nx8)+7 Drive Actions 2
[1584 + (N+1) x8] EB Footer Terminator 8
to[3584 + (N+1) x 8] +7
[3:584 + (N+2) x 8] to 4 095 Reserved 512-(N+2)x 8

Figure 96 — Definition of emergency-brake data

Bytes 3 584 to 3 585: EB identifier

These bytes shall be set to 45 42h, representing the characters “EB”.

Byte 3 586: EB version

This byte shall be set to 01h, representing version 1 of the emergency brake format.

Byte 3 587: reserved
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This byte shall be set to 00h.

Byte 3 588: EB list length N

This byte shall represent the number of EB-data fields.

This byte shall be set to 00h when no EB-data fields are present.

Bytes 3 589 to 3 591: reserved

These bytes shall be set to 00 00 00h.

Bytes (3 584

The for
ties, els

Bytes (3 584

These 1
facturd

% 8)to (3584 4ix8)el(lsic N} dri : 1D

mat and the content of these 2 bytes require agreement between the interchange |
e these bytes shall be set to all 00h.

+ix8)+2to (3584 +ix8)+3(1<isN):drive-model number

wo bytes represent the drive-model number and shall be defined-by the drive man
r. This document does not specify the format and the content of théese bytes. It shal

ignoredl in interchange.

Bytes (3 584

These {
ufactui

+ix8)+4to (3584 +ix8)+5(1<is N):drive-firmware version

wo bytes represent the drive-firmware version and.shall be defined by the drive nj
er. This document does not specify the format and.the content of these bytes. It sha

ignoredl in interchange.

Bytes (3 584

These {
These
format

Bytes [3 584
These
Bytes [3 584
These

+ix8)+6to (3584 +ix8)+7(1<isN):drive-manufacturer actions

wo bytes represent the actions to be performed by the drive model to handle this ¢
pytes shall be defined by the drive:franufacturer. This document does not specify t}
and the content of these bytes. It shall be ignored in interchange.

+ (N+1) x 8] to [3 584 + (N+1) x 8] + 7 (0 < N < 62): EB terminator
pytes shall be set to FE FF'FF FF FF FF FF FFh to indicate the end of the EB data.
+ (N+2) x 8] to 4095 (0 < N < 62): reserved

bytes are resérved.

18.3 Rewriftlable area of inner zone(s)

18.3.1 Protdctionh-zone 2

ar-

be

an-
1l be

[isk.
e

This zone of 300 physical clusters starts at PAA 0 01 83 38h on layer LO and is intended to be a buffer
zone for the transition from the embossed HFM area to the rewritable area (see 15.4.4).

18.3.2 Buffer

This zone has 3 078 physical clusters starting at PAA 0 01 87 E8h on layer L0, 4 104 physical cluster
starting at PAA 0 7E 85 98h on layer L1, and 200 physical clusters starting at PAA 0 81 3A 48h plus
6 246 physical clusters starting at PAA 0 81 9A 68h on layer L2 and shall be left unrecorded.

18.3.3 INFO 2/Reserved 8
This zone of 32 physical clusters starting at PAA 0 01 B8 00h on layer LO, at PAA 0 7E 47 80h on layer L1
and at PAA 0 81 76 68h on layer L2 is BDAP-dependent.
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For the disks with BCA code, if this setting is not specified by the BDAP these bytes shall be left
unrecorded.

For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.4 INFO 2/Reserved 7

This zone has the size of 32 physical clusters starting at PAA 0 01 B8 80h on layer L0, at PAA 0 7E 47
00h on layer L1 and at PAA 0 81 76 E8h on layer L2 and shall be left unrecorded.

18.3.5 INFO 2/Reserved 6

This zpne has the size of 32 physical clusters starting at PAA 0 01 B9 00h on layer LO;at PAA 0 7E 46
80h orf 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 byteg shall be left
unrecgrded.

For th¢ disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.6 INFO 2 /Reserved 5

This zpne has the size of 32 physical clusters starting at PAA.0°01 B9 80h on layer LO, af PAA 0 7E 46
00h on} layer L1 and at PAA 0 81 77 E8h on layer L2 and is BDAP-dependent.

For th¢ 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 re¢orded all 00h before shipping.

18.3.7| INFO 2 /PAC 2

This zpne of 32 physical clusters starts.at’PAA 0 01 BA 00h on layer LO and at PAA 0 [7E 45 80h on
layer I§1 and is intended to be used for-storing physical-access control (PAC) clusters (see|21.2). Unused
clustefs in this zone shall contain al]l'00h or left unrecorded.

18.3.8 INFO 2 /Reserved

This z¢ne has the size of-32:\physical clusters starting at PAA 0 81 78 68h on layer L2 unrgcorded.

18.3.9 INFO 2/DMA 2

This zpne of 32 physical clusters starts at PAA 0 01 BA 80h on layer L0, at PAA 0 7E 45 00h on layer L1
and at|PAA0:81 78 E8h on layer L2 and is intended for use by the disk management systpm (see 22.2).
Unusefl clusters in this zone shall contain all 00h or left unrecorded.

18.3.10INFO 2 /Control data 2
This zone of 32 physical clusters starts at PAA 0 01 BB 00h on layer L0, at PAA 0 7E 44 80h on layer L1

and at PAA 0 81 79 68h on layer L2 and is intended to store control information. Unused clusters in this
zone shall contain all 00h.

18.3.11INFO 2 /Buffer 2

This zone with the size of 32 physical clusters starts at PAA 0 01 BB 80h on layer LO, at PAA 0 7E 44 00h
on layer L1 and at PAA 0 81 79 E8h on layer L2 and shall be left unrecorded.
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18.3.120PC/Test zone

The test zone of 2 048 physical clusters starts at PAA 0 01 BC 00h on layer LO, at PAA 0 7E 65 98h on
layer L1 and at PAA 0 81 3D 68h on layer L2 and is reserved for testing and/or OPC procedures. After
using any part of this area, the used tracks shall either be erased by irradiating these tracks using only
the optimum erase powers or be overwritten with clusters containing arbitrary user data using the
optimum write powers.

18.3.13Reserved

This zone has 2 048 physical clusters starting at PAA 0 01 DC 00h on layer L0, 4 096 physical clusters

starting at PQMM_MWQAMMJM&J and
1 600 physicall clusters starting at PAA 0 81 5D 68h plus 2 048 physical clusters starting at PAA\() 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 LO, atPAA 0 7E 03 80h on
layer L1 and 4t PAA 0 81 FC 00h on layer L2 shall be left unrecorded.

18.3.15INFO(1/Drive area (optional)

18.3.15.1 General

The use of this zone of 32 physical clusters starting at PAA 0 04°\FC 80h on layer L0, at PAA 0 7E P3 00h
on layer L1 aphd at PAA 0 81 FC 80h on layer L2 is optionak This zone can be used by drives t¢ store
drive-specifigdinformation, only by the drive that has created the information. To guarantee that|drives
can allocate their own information, the following formatshall be used. These clusters in this zone shall
be ignored in [interchange.

18.3.15.2 Format of drive-specific information

Drive-specifi¢ information shall be contained in one 2K data frame. The first 128 bytes of such|a data
frame shall cpntain a signature of the.drive that has created the related data frame, according|to the
following format:

— 48bytes for the manufacturér’sname, represented by characters from the ISO/IEC 646 character set;
— 48 bytes pf additional identification, represented by characters from the ISO/IEC 646 character set;
— 32 bytes for a unig@i€serial number of the drive.

The format of the,remaining 1 920 bytes of the data frame is not defined and can be chosen fre¢ely by
each drive degigner:

Drive-specific information of the last 32 drives that have used this option shall be stored in one physical
cluster. Each time a new drive is going to write its drive-specific information, the oldest drive-specific
information located in data frame 31 of the physical cluster is removed from the physical cluster, the
content of data frames 0 to 30 are moved into data frames 1 to 31 and the new information is written in
data frame 0 (see Figure 97).

For robustness reasons, the physical cluster containing the drive-specific information frames is written
on the disk twice.

Initially, the two physical clusters starting at PAA 0 01 FC 80h and 0 01 FC 84h shall be used to store
drive-specific information. When both physical clusters become unreliable, the next two physical
clusters of the drive area can be used to store the drive-specific information. For a fast and efficient
access to the drive area, the DDS in the DMA zones contain an address pointer to the first valid physical
cluster in the drive area.
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18.3.1

This z¢ne of 32 physical clusters starting at PAA 0 01 FD 00h on layer 0, at PAAO 7E 02 8

and at

18.3.1

This z¢ne of 32 physical clusters starting at PAA 0 01 ED 80h on layer LO, at PAAO 7E 02 0

and at

18.3.1

This z
80h o

18.3.1

This z
on lay
(see 22

18.3.2

This z
layer [

Drive Area Phys. Cluster | shift in Data Frame
damaged drive i Manufactures name
Address damaged drive i-1 One x 2K Additional ID
pointer . . 32 x 2K Sector
Valid Drive Info. Sectors Unique Ser. Num.
(inDDS) |Copy Drive Info. '
shift at Drive- specific
spares each update Information
: in free format
drive i-31
v shift out”

Figure 97 — Format of drive area (example)

6INFO 1/Reserved 3

PAA 0 81 FD 00h on layer L2 shall be left unrecorded.

7INFO 1/Reserved 2

PAA 0 81 FD 80h on layer L2 shall be left unrécerded.

BINFO 1/Reserved 1

bne has the size of 32 physical clusters starting at PAA 0 01 FE 00h on layer LO, a
layer L1 and at PAA 0 81 FE 00h-en layer L2 shall be left unrecorded.

9INFO 1/DMA 1

bne of 32 physical clusters, which starts at PAA 0 01 FE 80h on layer L0, at PAA
er L1 and at PAA 0.81 FE 80h on layer L2, is intended for use by the disk manag
.2). Unused clustens in this zone shall contain all 00h or can be left unrecorded.

0INFO 1/CGontrol Data 1

bne of 32-physical clusters, which starts at PAA 0 01 FF 00h on layer L0, at PAA 0
1 anid at PAA 0 81 FF 00h on layer L2, is intended to store control information.

Dh on layer L1

Dh on layer L1

t PAA O 7E 01

0 7E 01 00h
bment system

7E 00 80h on

1100k

A BEPS HS N Laoll P
U CIUSLUT O 11T LITTS ZVUITICU SIIdIT LUILILATIIT d11 UVUII.

Unuseé

18.3.2

1INFO 1/PAC 1

This zone of 32 physical clusters, which starts at PAA 0 01 FF 80h on layer L0 and PAA 0 7E 00 00h on
layer L1, is intended to be used for storing physical-access control (PAC) clusters (see 21.2). Unused
clusters in this zone shall contain all 00h or can be left unrecorded.

18.3.2

2INFO 1/Reserved

This zone of 32 physical clusters, starting at PAA 0 81 FF 80h on layer L2, shall be left unrecorded.
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19 Data zone

The data zone can contain a total of 1 527 456 clusters of user data.

20 Outer zone(s)

20.1 General

Outer zone 0 and outer zone 1 function together as a transition area between the data zones on layer L0
and layer L1. outer zone 2 functions as a lead-out zone (see Figure 98 and Figure 99).

Outer Description First PAA Number of Purpose
Zone 0/2 of Zone Phys. Clusters
Buffer 3 LAAn + 2h 32 St
INFO 3 DMA 3 LAAn +82h 32 DiskManagemept
\ ControlData3 | LAAn+102h 32 data informatiop
Rewritable Angularbuffer | LAAn+182h 102
tractin , DMA 4 LAAn +3 1Ah 32 Disk Managemept
direction INFO 4 Control Data 4 LAAn+ 3 9Ah 32 data informatiop
Buffer 4 LAAn+4 1Ah 32 -
DCZ0/2 Test Zone LAAn + 4 9Ah 760 Drive calibration
Protection-Zone 3 | LAAn&10 7Ah
LAAn is LAA in Outer Zone 0 and LAAZ2 in Outer Zone 2.

Figure 98 —Quter zone 0/2 (Lead-out zone)

Outer Destription First PAA Number of Purpose
Zone 1 of Zone Phys. Clusters
--- Protection-Zone 3 --- --- ---
DCZ1 Test Zone FAA-10 78h 760 Drive calibratiop
Buffer 4 FAA - 4 98h 32 ---
v INFO4 | ControlData4 | FAA-418h 32 data informatiop
Rewritahle |
. DMAZ FAA-398h 32 DiSK Management
) --- Angular buffer | FAA-3 18h 102 ---
tracking
direction Control Data3 | FAA-180h 32 data information
INFO 3 DMA 3 FAA -1 00h 32 Disk Management
Buffer 3 FAA - 80h 32 ---

Figure 99 — Outer zone 1

20.2 INFO 3 /Buffer 3

This zone of 32 physical clusters shall be left unrecorded.

156 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 30193:2020(E)

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 Angularbuffer
This zpne of 102 physical clusters shall be left unrecorded.

20.6 INFO 4/DMA 4

This zpne of 32 physical clusters is intended for use by the disk manageméntsystem (see[22.2). Unused
clusters in this zone shall contain all 00h or can be left unrecorded.

20.7 INFO 4 /Control data 4
This z¢ne of 32 physical clusters is intended to store control information.

Unusefl clusters in this zone shall contain all 00h.

20.8 INFO 4 /Buffer 4

This z¢ne of 32 physical clusters shall be left uhrecorded.

20.9 DCZ 0/Test zone, DCZ 1 /Test zone and DCZ 2 /Test zone

These [test zones of 760 physical clusters are reserved for drive calibrations.

20.10 Protection-zone 3
This zpne contains an unxecorded groove.

All ADIP units in_the grooves in this zone shall be modulated by MSK-cos only and |not by HMW
(see 13.6.2).

21 PTysical-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 L0 and layer L1, and the

corresponding zone on layer L2 is reserved; and

— from the point of view of PAC content, there are no additional unknown-PAC rules for this reserved zone and

this reserved zone is out of PAC control

21.2 LayouJ of PAC zones

The INFO 1/PAC 1 zones on layer LO and layer L1 form one area of 64 clusters availahle for the g
of PAC and thg INFO 2/PAC 2 zones on layer L0 and layer L1 form another area of 64 ‘clusters av|
for the storagp of PAC.

Each PAC cludter shall be recorded in both zones INFO 1/PAC 1 and INFO 2/PAC 2, so there are

torage
hilable

hlways

2 copies of ea¢h PAC cluster recorded. A PAC shall always be updated first/in'the INFO 1/PAC 1 zojne and

then be copied to the INFO 2/PAC 2 zone, which eases the handling of-possible power-down f3
The PAC-updgte count of the PAC cluster recorded in the INFO 2/PAC 2 zone shall be the same
PAC-update cpunt of the PAC cluster recorded in the INFO 1/PAC ¥ zone.

If a PAC cluster is found to be defective during recording, the defective cluster shall be skipp
indicated as invalid in the DDS (see Figure 100). A replacement PAC should be recorded in th
available clusger.

The status oflall locations in both the INFO 1/PAC 1*and INFO 2/PAC 2 zones shall be indicated
DDS (see 22.2{2) by a 2-bit pattern as follows:

b+1, ba Content in PAC location
00 unrecorded
(also to be used if layer not present)
01 available for re-usez
10 contains an invalid PACa
11 contains a valid PAC

#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

ilures.
as the

bd and
e next

in the

setting of bit bg and b1 of the Unknown-PAC Rules).

Figure 100 — Status of PAC 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

constitute the PAC header.
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Byte position
Data Frame | in Data Frame Content Number of bytes

0 0to 2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-Update Count 4

0 8to 11l Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

0 13to 14 Reserved 2

8 15 ntmber-efSegments +

0 16 to 23 Segment_0 3

0 24to 31 Segment_1 8

0 32to 263 : 29 x8
0 264 to 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1

0 385 to 387 Reserved 3

0 388to 2 047 PAC-specific information 166D
1 0to 2047 PAC-specifi¢information 2 04B
30 0to 2047 PAC-specific information 2 04B
31 0to 2047 Reserved 2 04B

Figure 101-%~ General layout of PAC clusters

The PAC_ID shall identify the specific type of PAC cluster as follows:
— if setto 00 00 00h, the PAC<Tluster is unused;

The PAC_ID of all subsequent PAC clusters in the INFO 1/PAC 1 zone or INFO 2/PAC 2 zone shall be
sef to 00 00 00h ar those subsequent cluster locations shall be left unrecorded.

— if et to 50 5224Dh, the PAC cluster is the primary PAC as defined in 21.4;
— if $et to.44>57 50h, the PAC cluster is the DWP PAC as defined in 21.5;

— if $et%o0 49 53 31h, the PAC cluster is the IS1 PAC as defined in 21.6;

— if setto 49 53 32h, the PAC cluster is the IS2 PAC as defined in 21.6;

— if set to FF FF FFh, the PAC cluster is unused.
The PAC was previously used and is now available for re-use.
Other values for the PAC_ID are reserved.

Each new PAC added to the INFO 1/PAC 1 zone or INFO 2/PAC 2 zone shall be recorded at the first
available cluster in these zones (indicated by status 00 or 01 in the DDS, see Figure 100).

The PAC-format field shall indicate the version number of the specific PAC.
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The PAC-update count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each
time the current PAC is re-written.

The unknown-PAC rules shall specify the required actions when the content and use of the PAC
are unknown (i.e. the PAC_ID is not set to a known value). These bytes form a field consisting of 32
individual bits (bit b;; shall be the msb of byte 8 and bit b, shall be the Isb of byte 11). The actions
described below shall be taken (when the PAC is unknown) for any cluster contained within the
related area (see Figure 102). The actions described for the user-data area shall be taken only within
the specified segments if segments have been defined. Otherwise, these actions shall be taken for any
cluster contained within the full user-data area.

If a drive encdunters multiple unknown PACs on one disk, it shall use the OR-function of the unlﬂnown-
PAC rules (in|other words, if one of the PACs excludes an action, the same rule of the otlier-RACs is
irrelevant).
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Control Mandatory
Area Bits type setting
b31 to bza Reserved 0000 0000
b2z write -
Reserved 8
b22 read -
b21 write ONE
Reserved 7
bzo read -
INFO 2 -
b1 write -
Reserved 6
bis read -
b1z write
Reserved 5
bie read
bis write ZERO
INFO 1 Drive Area
b1s read ZERO
b13 write ONE
Reserved 3
b1z read
b11 write ONE
INFO 1 Reserved 2
bio read
bo write ONE
Reserved 1
bs read
DMA zones (not including ¢the .
INFO 1,2,3,4 DDS; see 22.2) b, write
b Reserved unless othefwise
6 specified by the BDAP
bs write
INFO 1,2,3,4 | Control data zones
ba read
bs write
Data zones User-data area / Segments
b2 read
b1 write
INFO 1&2 PAC cluster
bo read
"-": no mandatory setting specified, as well ZERO as ONE can be allowed depending on
specific PAC
Eicuroa 10?2 Conoaralhit ncciagnmaoantc for mnnknown PAC ryulac
Eigure 102 al-bitassi PAGrul

eI Troaror T CIIC TUT O ITITIY T e

For all zones/areas, except the PAC cluster, the bits have the following meaning:

—  Control type = write:

—  ifsetto ZERO: indicating that writing in the related zone/area is allowed; and

— if setto ONE: indicating that writing in the related zone/area shall not be allowed.
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—  Control type =read:
— ifsetto ZERO: indicating that reading in the related zone/area is allowed; and
— if setto ONE: indicating that reading in the related zone/area shall not be allowed.

[The meaning of “reading shall not be allowed” in this context is: the data content of the clusters in the
related area(s) are not allowed to be transferred outside the drive or presented to the user.]

For the PAC cluster, the bits have the following meaning:

—  Control type = write:

— ifsetto ZERO: indicating that overwriting the current PAC cluster or changing’its’status
bits in the DDS is allowed; and

— if getto ONE: indicating that overwriting the current PAC cluster and,changing it$ sta-
tus bits in the DDS shall not be allowed, except duringre-formatting.

p

—  Controljtype = read:

— ifsetto ZERO: indicating that reading and transferring the(content of the current ¢luster
outside the drive is allowed; and

— if et to ONE: indicating that the content of the curtent PAC cluster, except for the|first
384 bytes of the first data frame, shall not be transferred outside the
drive, to be enforced by setting all bytes not belonging to the PAC h¢ader
to 00h before passing the content of the cluster.

The unknown-PAC entire_disk_flags byte specifies unknown-PAC rules that cover the entire dlisk as
follows:

— Bitsb,tob;:  These bits shall be reserved.
—  Bit by Re-initialization:

— ifsetto ZERO: indicating’that re-initialization is allowed, if not blocked by any othgr
writé.protect mechanism for the entire disk; and

— if getto ONE: indicating that re-initialization shall not be allowed if the PAC is unknown
to the drive.

The number ¢f segmérnits 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
Y ong <32 (56)
i=0

where ng is the number of segments in PAC,;.
1

The Segment_i field shall specify the starting and ending address of a contiguous range of clusters,
called a segment. Segments shall be assigned, starting from Segment_0 to Segment_(N-1) (N < 32).

Segments specified within one PAC shall not overlap and shall be sorted in ascending order according
to their addresses. Segments shall only start and end at cluster boundaries. All Segment_i fields, where
i = N, shall be set to all 00h.

— the first four bytes of the Segment_i field, if used, shall contain the first PSN of the first cluster
belonging to the segment, and
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— the last four bytes shall contain the last PSN of the last cluster belonging to the segment.

These segments shall only be applied to the unknown-PAC rules. If overlapping segments in different
PAC clusters are encountered, the drive shall apply the OR-function to the related unknown-PAC rules
in the overlap areas.

The known-PAC entire_disk_flags byte specifies rules for the entire disk in case the drive is able to
interpret the PAC as follows:

— Bitsb,tob;:  These bits shall be reserved.

—  Bit by Re-initialization:

1+ ifsettoZERO: indicating that re-initialization is allowed, if not blockedby’any other
write-protect mechanism for the entire disk; and

+ ifsetto ONE: indicating that re-initialization shall not be alloweéd.

The PAC-specific information fields contain information that is specific to the’current PA(.

21.4 Primary PAC cluster (mandatory)

The prlimary PAC cluster shall be included on each disk to providéinformation about the flate when the
disk was initially recorded and to identify each recorder that-has recorded individual cJusters on the
disk. Tihe layout of the primary PAC cluster shall be formatted as depicted in Figure 103.
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Byte position
Data Frame | in Data Frame Content Number of bytes

0 0to 2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-Update Count 4

0 8to 11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

0 13 tol4 Reserved 2

0 15 nmber-ef-Segments +

0 16 to 23 Segment_0 8

0 24to 31 Segment_1 8

0 32to 263 29%'8
0 264 to 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1

0 385 to 387 Reserved 3

0 388 to 389 number of Recorder ID entries 2

0 390 to 393 Year/Month/Date of initiahrecording 4

0 394 Re-initialization'RID_Tag # 1

0 395to0 511 Reserved 117
0 512 to 639 Recorder ID for RID_Tag 01h 128
0 640 to 767 Recorder’ID for RID_Tag 02h 128
0 768 to 896 Recorder ID for RID_Tag 03h 128
0 1920 to 2047 : 128
1 0to 127 Recorder ID for RID_Tag xxh 128
15 1920 to-2/047 Recorder ID for RID_Tag FCh 128
16 0to2 047 Reserved 2048
31 0to 2047 Reserved 2048

Figure 103 — Layout of primary PAC cluster

The PAC_ID shall be set to 50 52 4Dh, representing the characters “PRM”".
The PAC-format field shall be set to 00h, indicating this is a primary PAC version 0.

The PAC-update count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each
time the current PAC is re-written.

The unknown-PAC rules shall be set as shown in Figure 104.
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Control Mandatory
Area Bits type setting
b31 to bas Reserved 0000 0000
Reserved 8 b3 write ZERO
b2 read 7ZERO
Reserved 7 D21 write ONE
INFO 2 bzo rez?d 7ERO
Reserved 6 b1o write ONE
b1s read 7ZERO
ReservedS D17 write ZERO
b1e read 7ZERO
INFO 1 Drive area b1s write ZERO
b1g read 7ZERO
Reserved 3 b1 write ONE
b1z read 7ZERO
INFO 1 Reserved 2 b11 Wwrite ONE
b1o read 7ZERO
Reserved 1 bo write ONE
bg read 7ZERO
DMA zones (not including the )
INFOL234 | ppg; see chapter 22.2) b7 write ZERO
b Reserved unless othefwise
6 specified by the BDAP
INFO 1,2,3,4 | Control data zones bs write ZERO
ba read 7ZERO
b it ZERO
Data zones User-data area/Segmients 3 wrte
b2 read 7ZERO
INFO 1&2 PAC cluster, by write ZERO
bo read 7ZERO

Figure 104'= Bit assignments for unknown-PAC rules for primary PAC

The unknown-PAG.entire_disk_flags byte shall be set to 00h indicating re-initialization|of the disk is
allowed if this PACTs unknown to the drive and there are no other mechanisms blocking retinitialization.

The nymber of segments shall be set to 00h.

The Segmeént i fields shall all be set to all 00h.

The known-PAC entire_disk_flags byte shall be set to 00h indicating re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking re-
initialization.

The number of recorder ID entries field shall specify the number (< 252) of 128-byte recorder IDs
contained in bytes 512 to 2 047 of data frame 0 and bytes 0 to 2 047 of data frames 1 to 15. The
maximum number of available locations is 252 (see also description at recorder ID for RID_Tag xxh).

The year/month/date of initial recording fields shall indicate the year (4 digits BCD), the month (2 digits
BCD) and the date (2 digits BCD) when the very first recording on this disk was made.

If a drive is not able to correctly set this field, these bytes shall be set to 00h.
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The re-initialization RID_tag # shall specify the recorder-ID tag number of the recorder that last (re-)
formatted the disk.

The recorder ID for RID_tag xxh fields shall contain the 128-byte drive signatures of all recorders (up to
a maximum of 252) that have made any recordings on this disk. Such drive signatures shall be according

to the followi

ng format (see 18.3.15.2):

— 48bytes for the manufacturer’s name, represented by characters from the ISO/IEC 646 character set;

— 48 bytes of additional identification, represented by characters from the ISO/IEC 646 character set;

32 bytes

The first timg
no duplicate ¢
sorted or cha
value (see Fig

been used, re
value FFh.

The RID_tag ¥
13.9.2.3 to ind

21.5 Disk

r
The disk w‘:’i|te-protect (DWP) PAC cluster is optional and eam be used to protect a disk 4
unintended W

can be includ
follow the ru
layout of the

166

for a unique serial number of the drive.

a recorder writes data to a disk, it shall add its recorder ID to this list. There™s
ntries and new entries shall only be appended to the end of the list. This listshall
Inged in any other way, since the relative location of each entry determines|the R
ure 103) assigned to each specific recorder. After all available recorder_ID field
corders whose recorder ID cannot be registered in the PAC anymore shalluse the R

ralue assigned to a specific recorder shall be recorded in the address units as def
icate that the cluster has been recorded by that recorder.

ite-protect PAC cluster (optional)

rite actions or write actions by unauthorized pérsons. For the latter purpose, a pasg
bd. If a valid DWP PAC cluster exists on the disk, products that understand the PA|
es indicated by the WP control byte, else they shall follow the unknown-PAC rulé
WP PAC cluster shall be formatted as depicted in Figure 105.
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Byte position
Data Frame | in Data Frame Content Number of bytes
0 0to2 PAC_ID 3
0 3 PAC format 1
0 4to7 PAC-Update Count 4
0 8to11 Unknown-PAC Rules 4
0 12 Unknown-PAC Entire_Disk_Flags 1
0 13tol4 Reserved 2
0 15 number of Segments 1
0 16 to23 Segment_0 8
0 24to 31 Segment_1 8
0 32to 263 : 29 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 WP control byté 1
0 389 to 395 Reserved
0 396 to 427 WP password 32
0 428to 2 047 Réserved 162D
1 0to 2047 Reserved 2 04B
31 0to 2047 Reserved 2 04B

Figure 105=- Layout of the DWP PAC cluster

The PAC_ID shall be set to 44 572560h, representing the characters “DWP”.
The PAC-format field shall be set to 00h, indicating this is a DWP PAC version 0.

The PAC-update count-shall specify the total number of update operations of the current PAC. This field
shall ble set to 00 00,00-00h during the first format operation only and shall be incrementgd by one each
time the currentBAC is re-written.

The unknown-PAC rules shall be set as Figure 106:
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Control Mandatory
Area Bits type setting
b31 to bas Reserved 0000 0000
Reserved 8 bz3 write ZERO
b2, read 7ZERO
Reserved 7 E“ wr1;e Z(]);\II{]Z
INFO 2 bzo rez.it i
Reserved 6 19 write
b1g read 7ZERO
Reserved 5 b1 write ZERO
b1e read 7ERO
INFO 1 Drive Area bis write ZERO
b1a read 7ERO
Reserved 3 b3 write ONE
b1z read 7ZERO
INFO 1 Reserved 2 b1t write ONE
b1o read 7ZERO
Reserved 1 by write ONE
bg read 7ERO
DMA zones (not including the )
INFO112,3,4 DDS; see chapter 22.2) bz write ZERO/ONE
b Reserved unless otherwise
¢ specified by the BDAP
INFO 1[2,3,4 | Control data zones bs write ZERO/ONE
ba read 7ERO
b it ZERO/ONE
Datazdnes | User-data area/Segments 3 write /
b2 read 7ERO
INFO 1R2 PAC cluster by write ONE
bo read ONE

Figure-106 — Bit assignments for unknown-PAC Rules for DWP PAC

Bits by, bg, bg and’hg shall be set to ZERO if hit hg of the WP control hyte is set to ZERO (WP off) ahd bits
b, bg, bs and bs shall be set to 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 not
allowed if this PAC is unknown to the drive.

The number of segments shall be set to 00h.
The Segment_i fields shall all be set to all 00h.

The known-PAC entire_disk_flags byte shall be set to 00h indicating re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking re-
initialization.

The WP control byte shall specify the allowed and required actions (see Figure 107) as follows:
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Bit b,:

Bit b;:
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These 5 bits shall be reserved.
This bit indicates WP with/without password (PWD):

if it is set to ZERO, no checking of the password is needed;

if it is set to ONE, in case bit by is set to ONE, the write protection is switched on, only
host-initiated write actions shall be allowed if the password supplied by the host matches

the password contained on the disk.

This bit indicates the method of write protection:

The W|
of Figu

The W
not us

Ifallb
of the

If the
initiat
set to

Bit b,:

if set to ZERO, this bit indicates virtual WP. After executing the required actio
fied in the table of Figure 107, host-initiated write actions shall be executed w
ing the write protection settings on the disk;

if set to ONE, this bit indicates the physical WP. After executing the ‘required a
specified in the table of Figure 107, host-initiated write actions.shall only be e
setting bit b, to ZERO, indicating that the write protection is.switched off.

This bit indicates write protect on/off:

S as speci-
thout chang-

ctions as
kecuted after

if set to ZERO, it indicates that write protection is switéhed off (WP off) and the host-initi-

ated write actions is allowed without any restrictions;

if set to ONE, it indicates that write protectign is switched on (WP on), meanir

g thatall

write actions initiated by the host shall be blocked by the drive and the host-ifitiated write

actions are only allowed after executing the required actions as specified in t}
Figure 107;

if the write protection is switched on, re-initializing the disk shall not be allow

P control byte shall only be changed after executing the required actions as specifi
re 107.

P password can consist of\ap to 32 characters from the ISO/IEC 646 character set.
bd shall be set to 00h. The/'WP password shall never be transferred outside the driyj

tes of the WP password field are set to 00h, then the WP password feature is inac
WP control byte-shall be set to ZERO.

VP passworfd-field is set to all FFh, then the disk is permanently write protected ang
pd writesactions on the disk shall not be allowed. Bits b,, b; and b, of the WP contro] byte shall be
[11.

e table of

red.

bd in the table
Trailing bytes
e.

five and bit b,

further host-
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Wwp Status Actions
iy for changing WP control
bz | b1 | bo for writing data bits or the password
0/0]0 no PWD/virtual/WP off | allowed allowed
. allowed after allowed after
0101 no PWD/virtual /WP on confirmation by the host | confirmation by the host
0| 1] 0| noPWD/physical/WP off |allowed allowed
allowed after allowed after
0| 1| 1] noPWD/physical/WPon | confirmation by the host confirmation bv the host
and changing to WP off y
allowed after
1|0 with PWD /virtual/WP off | allowed confirmation of the
password supplied by
allowed after allowed after
1|0 with PWD/virtual/WP on | confirmation of the confirmation of the
password supplied by password supplied by
allewed after
11 with PWD/physical/WP off | allowed confirmation of the
password supplied by
allowed after allowed after
. . confirmation of the confirmation of the
11 with PWD /physical /WP on password supplied by password supplied by
the host and changing to | the host

21.6 1S1 and IS2 PAC clusters

The IS1 PAC and 1S2 PAC may be recorded on an unrecorded disk. When BCA code is not re
on an unrecofded disk, IS1/IS2 PAC strlictures shall be recorded in INFO 1/PAC 1 and INFO 2
before shippihg as pre-recorded area. When BCA code is recorded on an unrecorded disk, I1S1/1

structures shall not recorded.

Figure 107 — Status and allowed actiofns defined by write-control bits

The layout of the IS1 PAC and-1S2'PAC cluster shall be formatted as depicted in Figure 108.

rorded
PAC 2
52 PAC
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Byte position
Data Frame | in Data Frame Content Number of bytes

0 Oto?2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-Update Count 4

0 8to 11 Unknown-PAC Rules 4

0 12 Unknown-PAC Entire_Disk_Flags 1

0 13 to 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 x|8
0 264to0 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC Entire_Disk_Flags 1

0 385to 2 047 Reserved 166
1 0to 2047 Reserved 2048
31 0to 2047 Reserved 2 04B

The PA
set to 4

The PA
The PA

The uy
IS2 PA

The un
The ny
The Se
The k

I~
v

Figure 108 — General layoutof IS1 and IS2 PAC clusters

|C-update count shall be set-to-00 00 00 00h for both PACs.

mber of segments shall be set to 00h for both PACs.
gment_Lfields shall be set to all 00h for both PACs.
own-PAC entire_disk_flags byte shall be set to 01h for both PACs.

[C_ID shall be set to 49 53 31h, represeriting the characters “IS1” for IS1 PAC. The P/
19 53 32h, representing the characters*“IS2” for IS2 PAC.

|C-format field shall be set to 00h for both PACs, indicating this is version 0.

known-PAC rules shall'be set 00 AA 2A 00h for an IS1 PAC and shall be set 00 AA

known-PAC entire disk_flags byte shall be set to 01h for IS1 PAC and shall be set to 0

\C_ID shall be

PA CBh for an

Dh for IS2 PAC.

22 Disk management

22.1 General

Disk management defines and controls methods of recording data on the disk including defect
management. Defect management is used to solve problems related to areas on the disk that can have
become defective or unreliable through damages or contamination.

Depending on the BDAP and/or the applied file system, defect management can be handled by the drive

or by the file system.

The data originally intended to be recorded at a defective location is recorded at an alternative location

that is, determined by the file system.
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In the defect list, according to this document, 2 types of defects can be distinguished (see 22.2.3.3) as
follows:

— defects that are indicated as non-reallocatable defect (NRD); and

— unreliable areas on the disk, called possibly bad area (PBA). Before using such a PBA for the allocation
of data, the reliability of the area should be checked.

22.2 Disk-management structure (DMS)

22.2.1 General

A disk-management structure is made up of a disk-definition structure (DDS) and a defect list|(DFL).
The disk-defihition structure consists of one cluster which shall be repeated 4 times, forrobystness
reasons, and the defect list consists of 8 consecutive clusters.

Whenever a diisk leaves a recorder, all DMS shall correctly reflect the current status of the disk.

All 4 occurrences of the DMS, recorded in the DMA zones in the inner and outer zone(s), shall dontain
the same infofmation, except for the first PSN of the defect list (see 22.2.2, byte'24 of data frame ). The
DMA zones shall be updated in the order DMA 1, DMA 2, DMA 3, DMA 4 for-€ase of handling ppssible
power-down failures. After such an update, all DDS update counts (see-22:2.2, byte 4 of data frame 0)
shall be the sgme and all DFL-update counts (see 22.2.3.1, byte 4 of dataframe 0/cluster 0 and 223.2.3.2,
defect-list terminator) shall be the same.

DMS

The DMA zones consist of 96 consecutive clusters divided“over the 3 recording layers as indicated in
Figure 109.

v

Tracking'direction

Cluster Cluster Cluster Cluster Cluster
Layer L0
1 2 3 31 32
< Tracking direction
Layer Ljt Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33
Tracking direction >
Layer L2 Cluster Cluster Cluster Cluster Cluster
65 66 67 95 96

Figure 109 — Clusters of DMA zones

The DDS shall always be recorded in the first 4 clusters of each DMA zone. The next 4 clusters are
reserved.

The DFL is recorded initially in clusters 9 to 16 of each DMA zone. Whenever any of the 8 clusters of the
DFL in a DMA zone starts to become unreliable, the complete DFL is moved into the next 8 clusters of
the DMA zone concerned (see Figure 110). The position of the valid DFL is indicated in the DDS.
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Cluster 1 to 4 DDS (4 repetitions)

Cluster 5to 8 Reserved

Cluster 9 tol6 1st position of DFL damaged DFL
Cluster 17 to 24 2nd position of DFL valid DFL
Cluster 25 to 32 3rd position of DFL empty
Cluster 89 to 96 11t position of DFL empty

Figure 110 — Example of DMA zone

22.2.2| Disk-definition structure (DDS)

The DS specifies the format and status of the disk with relation to the disk management.
the DS is defined in Figure 111.
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Byte position
Data frame | indataframe Content Number of bytes
0 Otol DDS identifier 2
0 2 DDS format 1
0 3 Reserved 1
0 4to7 DDS update count 4
0 8to 15 Reserved 8
0 16to 19 First PSN of drive area 4
0 20to 23 Reserved 4
0 24 to 27 First PSN of defect list 4
0 28to 31 Reserved 4
0 32to 35 Location of LSN 0 of user-data area 4
0 36to39 Last LSN of user-data area 4
0 40to 43 Reserved unless otherwise specified by the 4
BDAP
0 44 t0 47 Reserved unless otherwise specified by the 4
BDAP
0 48to 51 Reserved unless otherwise specified by the 4
BDAP
0 52 Flag A
0 53 Reserved
0 54 Reserved unless othefwise specified by the
BDAP
0 55 Reserved 1
0 56 to 59 Reserved unless otherwise specified by the
BDAP
0 60to 63 Reserved 4
0 64to71 Status bits of INFO 1/PAC 1 locations on 8
layer LO
0 72t079 Status bits of INFO 2/PAC 2 locations on 8
layer LO
0 80087 Status bits of INFO 1/PAC 1 locations on 8
layer L1
0 88t0 95 Status bits of INFO 2/PAC 2 locations on 8
layer L1
0 96 to 2 047 Reserved 1952
1 0to 2047 Reserved 2048
31 0to 2047 Reserved 2048

Figure 111 — Format of DDS

The DDS identifier shall be set to 44 53h, representing the characters “DS”.
The DDS format field shall be set to 00h, identifying a DDS.

The DDS update count shall specify the total number of update operations of the DDS. This field shall be
set to 00 00 00 00h during the first format operation only and shall be incremented by one each time
the DDS is re-written.
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The first PSN of drive area field shall specify the first PSN of the first cluster of the pair of clusters that
contains the drive-specific information frames.

If the drive area is unrecorded, this field shall be set to 00 00 00 00h.

The first PSN of defect list field shall specify the first PSN of the defect list in the DMA zone containing
this particular DDS.

The location of LSN 0 of user-data area field shall specify the PSN of the first user-data frame in the first
cluster and shall be set to 00 10 00 00h unless otherwise specified by the BDAP.

The last LSN of user-data area field shall specify the logical-sector number (LSN; see Clause 23) of the

last s

2ss otherwise

specifi

The 8-
b,, by,

The st
cluste

The st
cluste

foravailable for the storape of user dataand shall be set £6- 02 EQ D3 FEh unl

ed by the BDAP.

bit flag A field specifies the status of the TL disk. Bits b, and bg shall be reserved.
hnd b, shall be set to ONE unless otherwise specified by the BDAP.

htus bits of INFO 1/PAC 1 locations on layer LO field shall specify therecording s

sin the INFO 1/PAC 1 zone on layer LO (see Figure 112). The bit pajrs shall be set as d|
Byte position Bits INFO 1/PAC\INlocation PAA
64 b7 be 0-91 FF 80h
64 bs ba 0 01 FF 84h
64 bs b2 0 01 FF 88h
64 b1 bo 0 01 FF 8Ch
65 b7 be 0 01 FF 90h
70 b{bo 0 01 FF ECh
71 b7 be 0 01 FF FOh
71 bs ba 0 01 FF F4h
71 bz b2 0 01 FF F8h
71 b1 bo 0 01 FF FCh

Figure 112 & Status bits and related INFO 1/PAC 1 address locations on lay

htus bitsef INFO 2/PAC 2 locations on layer LO field shall specify the recording s
s in theINFO 2/PAC 2 zone on layer L0 (see Figure 113). The bit pairs shall be set as d|

Bits bs, by, by,

atus of all 32
efined in 21.2.

er LO

atus of all 32
efined in 21.2.
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The status bif
clusters in the

Figu

Figu

Byte position Bits INFO 2/PAC 2 location PAA
72 b7 be 001 BA0OOh
72 bs b4 0 01 BA 04h
72 bz b2 001 BA08h
72 b1 bo 0 01 BA OCh
73 b7 be 001 BA10h
78 b1 bo 0 01 BA 6Ch
79 b7 b 001 BA70h
79 bs b4 001 BA74h
79 b3 b2 001 BA78h
79 b1 bo 001 BA7Ch

"e 113 — Status bits and related INFO 2/PAC 2 address locations on layer L0

s of INFO 1/PAC 1 locations on layer L1 field shall specify-the recording status of all 32
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 b7 be 0 7E 00 00h
80 bs b4 0 7E 00 04h
80 bz b2 0 7E 00 08h
80 b1 bo 0 7E 00 0Ch
81 b7 be 0 7E 00 10h
86 b1 bo 0 7E 00 6Ch
87 b7 be 0 7E 00 70h
87 bs b4 0 7E 00 74h
87 bs b2 0 7E 00 78h
87 b1 bo 0 7E 00 7Ch

e 114— Status bits and related INFO 1/PAC 1 address locations on layer L1

The status bits of INFO 2/PAC 2 locations on layer L1 field shall specify the recording status of all 32
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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22.2.3
The fiy

Byte position Bits INFO 2/PAC 2 location PAA
88 b7 be 0 7E 45 80h
88 bs ba 0 7E 45 84h
88 bs b2 0 7E 45 88h
88 b1 bo 0 7E 45 8Ch
89 b7 be 0 7E 4590h
94 b1 bo 0 7E 45 ECh
95 b7 be 0 7E 45 FOh
95 bs ba 0 7E 45 F4h
95 bs b2 0 7E 45 F8h
95 b1 bo 0 7E 45 FCh

Defect list (DFL)

Figure 115 — Status bits and related INFO 2/PAC 2 address-locations on lay

st data frame of the 8 clusters constituting the DFL €eontains a defect-list header fol

er L1

owed by a list

of defdcts. The list of defects shall be terminated by a defect-list terminator.
The DFL shall be composed as shown in Figure 116,
Cluster
number/ Start byte position
IData Frame in Data Frame Content Number pf bytes
0/0 0 Defect-List Header 128
0/0 128
. ; List of Defects 65 408
0/31
1/0 0
. . List of Defects 65 436
1/31
K+0 0
: List of Defects nx
nx8 Defect-List Terminator 8
: (n+1) x8 set 00h
K/31
K=17.

Figure 116 — Format of DFL

The defect-list header (DLH) identifies the defect list and contains information about the composition
of the list of defects (see 22.2.3.1).
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The list of defects contains a list of clusters determined to be defective during use of the disk

(see 22.2.3.2).

The defect-lis

t 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 t

he DFL, depending on the number of entries in the list of defects. All remaining bytes

following the defect-list terminator shall be set to 00h.

22.2.3.1 Defect-list header (DLH)

The format of

the DLH is defined in Figure 117.

The DFL identifier shall be set to 44 4Ch, representing the characters “DL".
The DFL formfat field shall be set to 00h, identifying a DFL.
The DFL-update count shall specify the total number of update operations of the defegtlist. Thjs field
shall be set to|00 00 00 00h during the first format operation only, and shall be incremented by orje each
time the DFL |s re-written.
The number df DFL entries shall indicate the total number of entries in the D¥l-and shall be as follows:
N_DFL = §o. of NRD + No. of PBA unless otherwise specified by the BDAP;
N_DFL < 65 519.
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Cluster
number/ Byte position
data frame in data frame Content Number 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 8to11 Reserved 4

0/0 12to 15 number of DFL entries (N_DFL) 4

0/0 16to 19 Reserved unless otherwise specified 4
by the BDAP

0/0 20to 23 number of NRD entries 4

0/0 24to0 27 Reserved unless otherwise specified 4
by the BDAP

0/0 28to0 31 number of PBA entries 4

0/0 32to0 35 Reserved unless otherwise specified 4
by the BDAP

0/0 36t0 63 Reserved 2B

0/0 64 to 67 Reserved unless otherwise specified
bythe BDAP

0/0 68to 71 Reserved uniless otherwise specified /
by the BDAP

0/0 72t0 75 Reseryed unless otherwise specified 4
by the BDAP

0/0 76to 79 Reserved unless otherwise specified 4
by the BDAP

0/0 80 to 83 Reserved unless otherwise specified 4
by the BDAP

0/0 84 t0 87 Reserved unless otherwise specified 4
by the BDAP

0/0 88to 127 Reserved 40

Figure 117 — format of DLH
The nymber of NRD entries shall specify the total number of NRD entries in the DFL.
The number of NRD entriesis a variable number that can rh:mgp dnring the nse of the didk.

The number of PBA entries shall specify the total number of PBA entries in the DFL.

The number of PBA entries is a variable number that can change during the use of the disk.

22.2.3.2 List of defects
The format of the list of defects is shown in Figure 118.

The DFL shall be updated after formatting and each time an entry is added, removed or changed (change
in status or address).

The DFL entries shall be formatted as specified in 22.2.3.3. DFL entries consist of 8 bytes and these
entries shall be recorded contiguously, even across the borders of data frames and clusters.
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The defect-list terminator shall be composed of two 4-byte parts as follows:
— the first 4 bytes shall be set FF FF FF FFh;

— the second 4 bytes shall be equal to the DFL-update count in the header of the DFL (can be used to

check the validity of the defect list at power-down failures).

Cluster
number/ Start byte position Number of
Data Frame in Data Frame Content bytes
0/0 128 DFL entry 0 8
0/0 136 DEL entry ] 8
0/0 ix8+128 DFLentryi 8
0/0 2032 DFL entry 238 8
0/0 2 040 DFL entry 239 8
0/1 0 DFL entry 240 8
0/1 8 DFL entry 241 8
0/1 2040 DFL entry 495 8
0/n 0 DFL entryn x256- 16 8
0/31 2040 DFL entry 8 175 8
m/0 0 DFLentrymx8192-16 8
m/0 j*x8 DFLentrymx8192-16+j 8
m/0 2040 DFLentrymx 8192-16 + 255 8
m/1 0 DFLentrymx8192-16 + 256 8
m/1 2040 DFLentrymx8192-16+511 8
m/n 0 DFLentrymx 8192 +nx256-16 8
m/31 2040 DFL entry m =8 192 + 8 191- 16 8
K/n [(NDFL-1)x8+128 DFL entry (N_DFL-1) 8
(K=m) -nx2048—-Kx65536]
K/n (N_DFL x8+128 DFL terminator 8
-nx2048—-Kx65536)
K/n [(N.DFL+1)x8+128
-nx2048—-Kx65536] setto 00h .
K/(n+1) 0 setto 00h 2048
to K/31
K=7

Figure 118 — Format of list of defects
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22.2.3.3 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 0/bit 7.4 | Byte 0/bit3..0 & byte 1to3 | Byte 4/bit7..4 Byte 4/bit 3..0 & byte 5 to 7
of BEL-entry of DEL-entryi of DEL-entryi of DEL-entry i
b63 .- bso b59 - b32 b31 .- bzg b27 . bo
Status 1 Defective Cluster first PSN Status 2 Numberofsuccessive Clusters

Figure 119 — DFL entry format

The d¢fective cluster first PSN shall identify the PSN of the fipstphysical sector of thel cluster to be
indicated. Only the 28 least-significant bits of the PSN shall be-Stored in bits bgg .. b3] (the 4 most-
signififant bits are discarded). Each defective cluster shall appear only once in the list of flefects.

The nymber of successive clusters field shall indicate the number of successive clusters dovered by the
possibly bad area (the value 0 00 00 00h indicates that the number of unreliable cluster$ is unknown)
when status 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 stptus 1 field shall indicate the status ofthe entry as shown in Figure 120.

Status 1 | Status?2 Type Definition

doo1 0000 NRD The entry identifies a defective location.

(100

000Q

0100 PBAs shall not include any NRD locations.

The entry identifies an area on the disk that mighk be
defective and has to be checked. The defective clyster first
PSN shall identify the PSN of the first physical secfor of the

first cluster related to an error event.
PBA

Other

Reserved
unless
otherwise
specified by the
BDAP

Figure 120 — DFL-entry status 1 definition

The status 2 field shall indicate the status of the entry as shown in Figure 121.
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Status 2 | Definition

0000 This (default) setting shall be used if none of the following settings is valid.

0100 (Only allowed in combination with Status 1 = 0100 unless otherwise specified
by the BDAP.)

Then the Clusters do not contain any relevant User Data. During Read-Modify-
Write actions the content of such Clusters can be discarded (related status
bits Sa;1/Sa;o at new location can be set to 11).

If the Clusters covered by a PBA might contain valid User Data, the Status 2 of
such a PBA shall be set to 0000.

Other | Reserved unless otherwise specified by the BDAP.

Figure 121 — DFL-entry status 2 definition

23 Assignment of logical-sector numbers (LSNs)

Logical-sectof numbers shall be assigned contiguously over all clusters available for storage of usgr data,
so starting frgm LSN 0 and increasing by one for each successive user-dataframe (see Figure 122)| LSN 0
is assigned tolthe first user-data frame in the first cluster after lead-in.zoiie (at PSN = 00 10 00 00h).

The last LSN pn layer LO is equal to 8 x LAA + 15 - 00 10 00 00h<and is assigned to the last us¢r-data
frame in the last cluster before the outer zone 0 (at PSN = 8 x LAA + 15 = X).

The first LSNfon layer L1 shall be one higher than the last'LSN on layer LO and is assigned to the first
user-data frafne in the first cluster after the outer zone @,(at PSN = 8 x FAA = X+FC000000h).

The last LSN ¢n layer L1 is equal to 16 x LAA + 31,00 20 00 00h and is assigned to the last us¢r-data
frame in the last cluster before the inner zone 1;{ab PSN = 03 EF FF FFh).

The first LSN|on layer L2 shall be one higher-than the last LSN on layer L1 and is assigned to the first
user-data fragne in the first cluster after the inner zone 2 (at PSN = 04 10 00 00 h).

The last LSN ¢n layer L2 = 24 x LAA +47 - 00 30 00 00h and is assigned to the last user-data frpme in
the last clustdr before the lead-out:zone (at PSN = 04 00 00 00h + 8 x LAA + 15 =X+ 04 00 00 00h).

Inper Outer  Outer Inner Inner Outer
raglius LaXfE LO radius radius LaXf_f L1 radius  radius Layer L2 radius
- T, Ty "y,
at
9]
—
Bs%r- Bset:r-
PN N i . ata
Arez/ Area
User- /
Data . . —
o Area
S
o | Lead-in Outer Outer Inner Inner Lead-out|
S Zone Zone 0 |yl Zone 1 Zone 1 |y|Zone 2 Zone
h L Lij
3 ? : : ] —_»
S 00100000h X X+ FC 00 00 00h 03 EF FF FFh 04 10 00 00h PSN

Figure 122 — Assignment of logical-sector numbers

182 © ISO/IEC 2020 - All rights reserved


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

ISO/IEC 30193:2020(E)

24 Characteristics of grooved areas

In this

document, two types of signals are distinguished as follows:

— signals generated by the groove structures on the disk; and

— signals generated by user-written marks.

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 status

Of Othﬂl" rnrnrﬂing ]aynrc (‘Afl’\pf]’\ﬂ]" nnrn(‘nrr‘pr‘, rnr‘nrr‘]pr‘ falad pﬂl"fiﬂ]]}f rnr‘nrdﬂd) Frnm fh

o inner radius

of the
radius
fulfillg

25 Meethod of testing for grooved area

25.1 ¢

The te
tests s

When
defect

25.2 1

All sig]
condit

25.3 1

25.3.1

All sig
and in

25.3.2
The re

embossed HFM area(s) (start/end of the PIC zone) at nominal radius 22,4 mm(uj
of the outer zone(s) + 20 um (dpy/2 + 20 pm). It is recommended that the requjrer
d in the remainder of the outer zone(s).

reneral

5ts shall be performed in the rewritable areas. The write*and read operations nec
hall be made on the same reference drive.

measuring the signals, the influence of local defects;such as dustand scratches, aree
5 can cause tracking errors, erroneous ADIP inférmation or uncorrectable data (segq

Fnvironment

nals shall be within their specified ranges if the disk is in its range of allowed ¢
ons as defined in 8.1.1.

Reference drive

General

hals shall be measuied in the appropriate channels of a reference drive as specifi
Annex H.

Read power

ad pewer is the optical power, incident on the entrance surface of the disk. The reg

b to the inner
hents are also

pssary for the

xcluded. Local
Clause 33).

nvironmental

bd in Clause 9

d power shall

25.3.3

44£/0;10) mW for layer LO and layer L1 and (1,00 £ 0,10) mW for layer L2 except w

Read channels

en measuring

The drive shall have 2 read channels as defined in 9.5 and 9.6. The HF signal from the HF read channel

shall n

ot be equalized.

For measurement of the push-pull signals, the read channels shall be filtered by a first order LPF with
f-3 45 = 30 kHz.

For measurement of the wobble signals, the read channels shall be filtered by a first order LPF with
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25.3.4 Tracking requirements

During measurement of the signals, the axial tracking error between the focus of the optical beam and
the recording layer shall be maximum 55 nm, and the radial tracking error between the focus of the

optical beam

and the centre of the track shall be maximum 16 nm.

Local defects that cause large axial tracking errors shall be taken into account as described in Annex I.

25.3.5 Scanning velocities

The actual rotation speed of the disk shall be such that it results in an average channel-bit rate of
132,000 Mbit/s or an average wobble frequency of 1 913,043 kHz except when measuring push-pull

signals. For the measurement of push-pull signals, the actual rotation speed of the disk shallkb

that it result
956,522 kHz.

25.4 Definit

The amplitud
linearly relatg

Some signals
This total det

Io=(;+1

Push-pull si

The push-pu
channel (see |
can beusedb

In general, th
current (I; + ]

Formula (58)

orm _{

PP

n

184

|

5 in an average channel-bit rate of 66,000 Mbit/s or an average wobble fréqug

ion of signals

es of all signals are linearly related to currents through a photedetector, and the
d to the optical power falling on the detector.

hre normalized relative to the total detector current in anqunrecorded, grooved arg

bctor current is referred to as per Formula (57):

Z) groove

nal:

igure 4), when the focus of the opticallbeam converges on the tracks. The push-pull
y the drive for radial tracking (see\kigure 123).

e difference signal (I; - I,) is hormalized relative to the low-pass filtered total d¢
b). The peak-to-peak value ©f this real-time normalized push-pull signal is defined

I (£)-1, (t)
I (t)+1, (t)

(

(11 _12 )at t, (11 _IZ )at ty

peak-peak (11 + )at t, (11 + )at t

e such
ncy of

refore,

(57)

signal is the low-pass filtered sinusoidal difference signal (/; - I,) in the radial PP read

signal

tector
as per

(58)
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detector
current

(mA)

(h+1;)
sum signal

(11 - 12) max

/TN |

Ny

N\ N\

The re
25 um

Wobb
The w
(Il - IA

tracks

The si

\ |

)

I
I
0 |
(h - L) 4 ! %) ! _ R
difference signal | , radial position]
! -, (time)
I |
(11 - IZ)min : :
on Track on Track

Figure 123 — Definition of push-pull signals

al-time normalized push-pull signal, PP ..., shallbe converted for the photode
£ (see 1.9).
e signal:
pbble signal Iy, is the peak-to-peak valuie of the band-pass filtered sinusoidal dif

p
) in the radial lgP read channel (see.Eigure 4), when the focus of the optical bea
according to 25.3.4. See also AnnexE and Annex M for a measurement method.

bnal shall be normalized by the peak-to-peak value of the push-pull signal (I; A

Formulla (59):

NV

Ipr

VS=— PP
(hi—h),,

26 Signals fromHFM grooves

26.1 Push=pull polarity

tector size of

ference signal
I follows the

L) pp as per

(59)

The pqlarity of the push-pull signal is said to be positive if the signal has the same polarit

y as the push-

pull signal detected from the following pit/groove geometry:

— “on-groove recording” (see 15.2);

— the single pass phase depth of the grooves is less than 90°.

If the polarity is opposite to the polarity of the specified case, it is said to be negative.

The polarity of the push-pull signal on each recorded layer of the disk shall be indicated in the disk
information (see 15.8.3).

26.2 Push-pull signal

The peak-to-peak value of the real-time normalized push-pull signal, (PP

HFM a

norm,HFM)conV'
reas shall be as 0,26 < (PP ., ypm)cony < 0,52.
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26.3 Wobbl

e signal

The normalized HFM-wobble signal (NHWS) is a measure of the deviation of the groove track from its
average centrelines. Due to interference with the wobbles of adjacent tracks, the amplitude of the HFM
wobble signal shows a variation (called “wobble beat”).

At locations where the HFM wobble signal shows minimum amplitudes due to the wobble beat, the

NHWS shall b
0,30 < NH

At locations v

e as per Formula (60):

WS, < 0,60

min —

there the HEM wohble Qignnl shows maximum nmp]i‘rndpc due to the wobhble bhe

(60)

t, the

NHWS shall b
NHWS

max

NOTE Bec
from the wobl
suitable for me

26.4 Jitter d

The binarized
PIC zone. The
be measured

Both the lead

The jitter sha

e as Formula (61):

< 3 x NHWS

min

huse the shape of the HFM wobble signal detected in the embossed HFM areas, differs signi
le signal in the rewritable areas, the measurement procedure as described in Annex H
asuring these HFM wobble signals.

f HFM signal

wobble signal from the HFM grooves represents the embossed HFM information
jitter of the leading edges and the jitter of the trailing edges of this binarized sign3
separately relative to a PLL clock.

ng-edge jitter and the trailing-edge jitter shall'be <4,5 %.

1 be measured under the following conditiens:

— ac coupling (high-pass filter): first order, f 3 45=20 kHz;

— no equali

normaliz

27 Signals

27.1 Phase

The single-pa

vation; and

ed by 18T clock period (see5:5.4.2).

ffrom wobbled grooves

depth

5s phase-depth of the groove shall not exceed 90°.

(61)

icantly
| is not

in the
11 shall

27.2 Push—]I)ull signal

The peak-to-peak value of the real-time normalized push-pull signal (PP,,.)cony Shall meet the
following requirements in each layer:

— inunrecorded areas (all neighbouring tracks unrecorded):

0,21 <

(PP v. 0,45

norm,unrec,)con

— maximum variation of push-pull signal within 150 tracks in unrecorded areas:

(PPnorm,unrec. >max '(Ppnorm,unrec. )min <0,18
(Ppnorm,unrec. >max + (Ppnorm,unrec. )min

— maximum variation of push-pull signal within one layer in unrecorded areas:

186
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( PPnorm,unrec. )max ) (Ppnorm,unrec. )

min_<( 25

+
( l:)Pnorm,unrec. )max (Ppnorm,unrec. )min

— inrecorded areas (all neighbouring tracks recorded):

0,21 < (PP

norm,rec.)conv < 0’45

— ratio of average push-pull signals in recorded and unrecorded areas within

PP
0,75<—DOMMIeC <1 95

le"I’lOI'I’I"l,l.lIII'eC.

27.3 Wobble signal

27.3.1 General

The NWS is a measure of the deviation of the groove track from its average centrelines] The distance
that the actual centre of the wobbled groove track deviates from thé@verage track centyre line can be
calculated according to Annex M.

27.3.2] Measurement of NWS

Due tq interference with the wobbles of adjacent tracks,)the amplitude of the wobble sjgnal shows a
variation (called “wobble beat”). The wobble signals 'shall be measured in an unrecordpd area while
continpously tracking the spiral groove. A measurement procedure is described in Annex|E.

At locqtions where the wobble signal shows minimum amplitudes (excluding the effects of MSK marks),
NWS shall be 0,20 < NWS_;,, < 0,55.
At locqtions where the wobble signal shows maximum amplitudes due to the wobble beat| NWS shall be
NWS, Ly <3 x NWS_ ;..

27.3.3] Measurement of the webble CNR

The ngqrrow band S/N (or CNR) of the wobble signal after recording at nominal recording yelocity of the
disk a$ defined in 15.8¢3;shall be greater than 29 dB at the locations where the wobblg signal shows
minimum amplitudes

The cdrrier shalllbe measured at 1 913,043 kHz, and the noise level shall be measufed at 1 MHz
(see Apnex E).

27.3.41 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 (SHL) and the second-harmonic distortion (SHD) shall be determined by
measuring the fundamental wobble frequency level and the second harmonic frequency level at two
locations of the disk. Booth levels shall be measured in the data zone and in protection-zone 3.

The ratio of the SHD and SHL, normalized to the local fundamental wobble frequency level, shall meet
one of the following requirements:

— SHD/SHL < -12 dB with zero radial tilt;
— SHD/SHL < -6 dB within % 0,70° of radial tilt.
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The measurements shall be made using a spectrum analyzer (see Annex E).

28 Characteristics of recording layer

In this document, two types of signals are distinguished as follows:

— signals generated by groove structures on the disk;

— signals generated by User-written marks.

Clauses 28 to 31 specify a series of tests to assess the phase change recording properties of the

recording lay

All requireme
of other recof
of the rewrit

1, as used for writing data

nts in Clauses 28 to 31 shall be fulfilled in all layers independent of the recording
ding layers (whether unrecorded, recorded or partially recorded) from thejnner
hble area (start/end of the INFO/OPC zone) at nominal radius 23,2 mm@p*to thg

radius of the guter zone(s) + 20 um (dpy/2 + 20 um). It is recommended that the requifements a

fulfilled in th¢

29 Method

29.1 Genersz

The tests sha
tests shall be

When measu
Local defects

29.2 Enviro

All signals sh
conditions as

29.3 Refere

29.3.1 Gene

All signals sh
and in Annex

29.3.2 Read

remainder of the outer zone(s).

of testing for recording layer

1

1 be performed in the rewritable areas. The write-ahd read operations necessary
made on the same reference drive.

[ing the signals, the influence of local defeéts) such as dust and scratches, are ex
can cause tracking errors, or uncorrectablé data (see Clause 33).

nment

b1l be within their specified rafiges with the disk in the range of allowed environ
defined in 8.1.1.

nce drive

ral

hll be measiired in the appropriate channels of a reference drive as specified in Cl
.

power

status
radius

inner
e also

for the

luded.

mental

ause 9

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).

29.3.4 Tracking requirements

During the writing and reading of the signals, the axial tracking error between the focus of the optical
beam and the recording layer shall be maximum 55 nm at 2x reference velocity, or maximum 110 nm at

188
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4x reference velocity. The radial tracking error between the focus of the optical beam and the centre of
the track shall be maximum 16 nm at 2x reference velocity, or maximum 20 nm at 4x reference velocity.

Local defects that cause large axial tracking errors shall be taken into account as described in Annex I.

29.3.5

Scanning velocities

All write tests shall be carried out at the speeds defined in each of the DI units that are present on the

disk (s

ee 15.8.3).

During reading, the actual rotation speed of the disk shall be such, that it results in an average channel
bit rate of 132,000 Mbit/s or an average wobble frequency of 1 913,043 kHz. Only for the read stability

test (s
7, the
264,0(

294 )

29.4.1

Marks
one of
multi-

The w
— th
— th
— th
— th
which
Marks
The v3

The ad
Pgw P
(see 17

pe 30.7) at 4x reference velocity with the disk contains a DI unit of DI format-.§
hctual rotation speed of the disk shall be such, that it results in an average chan
0 Mbit/s or an average wobble frequency of 3 826,086 kHz.

Write conditions

Write-pulse waveform

and spaces are written on the disk by pulsing a laser. The ldser power is modulate
the write-pulse waveforms given in Annex F. A 2T to 9T NRZI run-length is written|
bulse train of write and erase pulses.

rite/erase power has four levels as follows:
P write peak power, Py;

P bias write power, Pgy;

P cooling power, P;

P erase power, Pg;

are the optical powers incidént on the entrance surface of the disk.

lues of Py, Pgy, Pesand Py shall be optimized according to Annex G.

tual powers PyPpw, P, and Py for testing shall be within +5% of their optimum
- and Pg shdllbe proportional to Py, according to the ratios ¢ as specified in the dis
.8.3.3 and15.8.3.4).

29.4.2

Write powers

are created by the write peak power, Py, spaces are created by the erase power, Py{.

or DI format
hel bit rate of

l according to
by applying a

values, where
k information

The optimized write powers Py,q, Pgwo, Pco and Pgq shall meet the conditions as shown in Figure 124.

Disk Type TL
Velocity | Power (mW) Min. Max.
Pwo (mW) 8,0 28,0
Pgwo (mW) 0,10 16,8
2 Pgo (mW) 0,60 16,8
Pco (mW) 0,10 16,8

Figure 124 — Write power requirements for triple-layer disk
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In addition to

the conditions shown in Figure 124, the write powers shall be such that

Pwo 2 Ppyo.

29.4.3 Average power

The average write power, P,y, shall be equal or less than 14,0 mW.

29.4.4 Write conditions for i-MLSE measurement

The test for i-

any group of
the disk.

The five track

MLSE (integrated-maximum likelihood sequence error estimation) shall be carried
five adjacent tracks, designated (m-2), (m-1), m, (m+1), (m+2) in the rewritable a

s are recorded consecutively with random data with a write power Py,=Byq as sp

in 29.4.1. To nmpeasure the i-MLSE after n overwrites [i-MLSE @ DOW(n)], all five tracks are overy

n times with 1

29.4.5 Write

The test for d
(m-1), m, (m+

To initialize tl
awrite powel

andom data with a write power Py, = Pyyq.

conditions for cross-erase measurements

ross-erase shall be carried out on any group of five adjacent tracks, designated
), (m+2), in the rewritable areas of the disk.

le measurement, the five tracks are recorded 10times repeatedly with random dat
Py = Py as specified in 29.4.1. After that, the.nitial values of the needed paramet

measured. Thiis initial condition is defined as the DOW(0)yy€ondition.

To measure t
are overwritt

29.5 Definit

The amplitud|
linearly relatg

i-MLSE:

i-MLSE is a d
modulation ¢
specific patte

30 Signals

e cross-erase after n overwrites (crosséeérase @ DOW(n)yg), the tracks (m-1) and
en n times with Py, = 1,1 x Py, (all power levels shall be proportional to Py, see 29|

ion of signals

s of all signals are linearly related to currents through a photodetector, and the
d to the optical power falling on the detector.

uality indicatorJof the signal in PR(1, 2, 2, 2, 1) ML reproduction system witl
bde. It is defined by standard deviation, o, that correlate with the error probab
Fns in PR, 2, 2, 2, 1) ML reproduction signals (see Annex H).

Ifrom recorded areas

out on
reas of

bcified
ritten

(m_z);

a with
br's are

(m+1),
4.1).

refore,

|1 17PP
lity of

30.1 HF signals

The HF signal is obtained by summing the currents of the four elements of the photodetector. These
currents get modulated by the different reflectivity of the marks and spaces representing the
information on the recording layer (see Figure 125).

30.2 Modulated amplitude

The modulated amplitude /g,

and space lengths. The peak value Ig, is the peak value of the HF signal before ac coupling.

190

is the peak-to-peak value of the HF signal generated by the largest mark
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The modulated amplitude I3, is the peak-to-peak value of the HF signal generated by the second
smallest mark and space lengths. The 0 level is the signal level obtained from the measuring device
when no disk is inserted.

NOTE In the sync patterns, run-lengths of 9T do occur. However, the recurrence of these 9Ts is very low and
therefore their influence on the HF peak-to-peak signal is negligible.

Igy=1 top
Y - A
_A' _____ A - - L 4 e
A\v..m..o.o.o.o.mm.
1
8pp “v‘v‘v‘v‘v.v‘v‘v‘v‘v
A ‘\ ARAARRAAL RS
‘0»:0:10'0'0"0 ¢ «b »;
[ S, - & - - A
I 0 LEVEL

Figure 125 — Schematic representation of HF signal from marks and spag¢es

Becauge the I3 is a relatively small signal, its amplitude cannot be determined reliably ffom a random
HF sighal. Therefore, it is recommended, for observation of I3, /Ig,,, to record an area with consecutive
3T marks and spaces only and to record an area-with consecutlve §Pl" marks and spaces only. The signals
can now be measured accurately with appropriate measuring equipment.

The mpdulation signal Iy, ,/Igy shall be converted by the photodetector size of 25 um? (seg L.6).

9%

The mpdulation signals shall meet the-following requirements:

Ig}o/Ign 2 0,40;

I3}/ Igpp 2 0,040.

w

!

The variations of the mgdulation signals shall be as follows:
—  (Udtimax ~ Isugind/Isimax < 0,33 within one layer at DOW/(0)(continuously recorded);

—  (Udymax~T8Hmin)/Isimax < 0,15 within one revolution at DOW(0)(continuously recordeld).

The rario between the actual modulation signals (Ig;;,) on each layer shall be as per Formula (62):

=0,25 < (Igya,1j ~ Isha i)/ UgHa,Lj * Igha L) < + 0,25 at DOW(0) (continuously recorded) (62)

where

Igy,,jand Igy, 1, are measured at the same position, both in radial and in tangential direction;
j=1,2 k=0,1 >k

The ratio between the reflectivity on each layer shall be as per Formula (63):
-0,33 < (Rgy,1j = Rgu i)/ (Rg,1j + Rgnui) < + 0,33 at DOW(0) (continuously recorded) (63)

where
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Rgy,1jand Rgy 1 are measured at the same position, both in radial and in tangential direction;

Igy, = Rgy x read power;

j=1,2 k=

01>k

30.3 Reflectivity-modulation product

The reflectivity of the disk multiplied by the I3 modulation (= normalized Ig,, modulated amplitude)
shall be (see Annex B) as follows:

RxMz&meﬂiJ with 0,006 4 < R x M < 0,019 for layer L0 and layer L1;
I81 Jony
0,009 1 <R xM<0,027 for layer L2.

The reflectivity of the disk multiplied by the /3 modulation (= normalized I3,, modulated amp
shall be as follows:

I _

RxI =Rgyfx _°PP with R x I3 20,000 48 for layer L0 and layet L.1;
I fony

30.4 Asymmetry

The HF signa
and HF signal

The HF signal

30.5 i-MLSH
The tracks on|

The i-MLSE s
velocity.

After n overw

R x13>0,00068 forlayer L2.

asymmetry shall be measured by averaged levels using combination of decoded
without any equalization (see 1.7)

asymmetry, A, shall be -0,10 < A, <#0,15.

@DOW(n)
which the i-MLSE is to bexmeasured shall be recorded as specified in 29.4.4.

hall be measured onithe centre track m of the five recorded tracks at 2 times ref]

rites (0 < n £10J track m, the i-MLSE in track m shall fulfil the following requireme

— Onlayer LO0: <11,0,% when measured using the circuit specified in Annex H;
— Onlayer L1:, (11,5 % when measured using the circuit specified in Annex H;
— On layer 2 _12,0 v whetrmeasured ubiug thecireuit DPCLifiCd HrAmrextH-

litude)

signal

crence

nts:

30.6 Cross-erase @ DOW(n)yg

The tracks on which the cross-erase is to be measured shall be recorded as specified in 29.4.5. After n
overwrites (0 < n < 100) tracks (m-1) and (m+1), the modulation and i-MLSE in track m shall fulfil the

requirement of Formula (64):

(ISpp /18

H ) at DOW(n)yg

(I8pp /18

=0,90
H ) at DOW(0)y

After n overwrites, the i-MLSE shall fulfil the following requirements:

192

On layer LO: <11,5 % when measured using the circuit specified in Annex H;

(64)
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— Onlayer L1: <12,0 % when measured using the circuit specified in Annex H;

— Onlayer L2: <12,5 % when measured using the circuit specified in Annex H.

30.7 Read stability

Up to 106 successive reads from a single track with a dc read power and an HF-modulated read power
as follows:

— 1,44 mW for layer LO and layer L1 at 2x reference velocity reading; and

— 1,00 mW for layer L2 at 2x reference velocity reading.

Only if the disk contains a DI unit of DI format 6 or DI format 7 to support reading.af 4x reference
velocitly as follows:

— 2,00 mW for layer L0 and layer L1 at 4x reference velocity reading; and
— 1,15 mW for layer L2 at 4x reference velocity reading.
The dipk shall remain within all specifications in the operating envirofunent.

Highet 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 mpdulation should fulfil the following (see Figure 126):

— 1podulation frequency (= 1/Typ. jaser) (400% 40) MHz;
— 1atio of peak power and average power 2,0+£0,2.

2

g peak =

3

=

+

=

60

3

AVEIrage. e v v imifrrrrrrrdrcrrerinhrieinieleicinieleine

ume

Figure 126 — Schematic representation of light pulses from laser diode

Additionally, the SER (see 34.2) shall be < 4,2 x 10-3 in any LDC block.
[Equivalent to <317 counts (= 4,2 x 10-3 x 75 392 bytes)].

In order to prevent the recorded signals from degrading, it is strongly recommended that dc read
powers and HF-modulated read powers of drives should not exceed the powers provided in DI bytes 30
to 31 at 2 times reference velocity.
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31 Local defects

Defects on the recording layer or in the transmission stack, such as “air bubbles” or “black dots” (such
as dust enclosures in the transmission stack or pin holes in the reflective layer), shall not cause any
unintended track jumping or uncorrectable errors (see also 33.4 and Clause 34).

The diameter

of such defects shall be as follows:

— air bubbles: <100 pm;

—  black dots with birefringence: <150 um;

—  Dblack ddts without birefringence: ~ <I50 um.

32 Characteristics of user data

Clauses 32 to|34 describe a series of measurements to test conformance of user data-on the digk with
this document. They check the legibility of user-written data. The data is assumed’to be arbitrary.
User-written flata may have been written by any drive at any speed in any op€rating environmert.

33 Method of testing for user data

33.1 Genergl

The read test$ described in Clauses 32 to 34 shall be perforined on the reference drive.

Whereas Clalises 24 to 30 disregard local defects, £lduses 32 to 34 include them as unavg¢idable
deterioration|of the read signals. The gravity of a, defect is determined by the correctability|of the
ensuing errofs 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 shpll be within their specified ranges with the disk in the range of allowed environnental
conditions as|defined in 8.1.1.

33.3 Referepnce drive

33.3.1 General

All signals shallbe-measured in the appropriate channels of a reference drive as specified in Clayse 9.

33.3.2 Read power

The read power is the optical power, incident on the entrance surface of the disk. The read power shall
be (1,44 £ 0,10) mW for layer L0 and layer L1 and (1,00 £ 0,10) mW for layer L2.

33.3.3 Read channels
The drive shall have 2 read channels as defined in 9.5 and 9.6.

The HF signal from the HF read channel shall not be equalized and filtered before processing. For
measurement of the disk quality, the characteristics of the HF signal pre-processing shall be the same
as specified in Annex H for the i-MLSE measurement.
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33.3.4 Error correction

Correction of errors in the data bytes shall be carried out by an error detection and correction system
based on the definitions in Clause 13.

33.3.5 Tracking requirements

During measurements of the signals, the axial tracking error between the focus of the optical beam and
the recording layer shall be maximum 55 nm and the radial tracking error between the focus of the
optical beam and the centre of the track shall be maximum 16 nm.

33.3.6—Seanningveloetbes

The agtual rotation speed of the disk shall be such that it results in an average chanfel-bit rate of
132,000 Mbit/s or an average wobble frequency of 1 913,043 kHz.

33.4 Definition of signals
Byte arror

A byte|error occurs when one or more bits in a byte have a wrong value, as detected by th¢ related error
detectjon and/or correction circuits.

Burstlerror

A burdt error is defined to be a sequence of bytes where there are not more than two [correct bytes
betwegn any two erroneous bytes. For determining burst errors, the bytes shall be orderg¢d in the same
sequeIce as they were recorded on the disk (see 18:lrand 13.8).

The length of a burst error is defined as the total number of bytes counting from the first efroneous byte
that is|separated by at least three correct bytes from the last preceding erroneous byte) until the last
errondous byte that is separated by atleastthree correct bytes from the first succeeding efjroneous byte.

The nymber of erroneous bytes in a burst is defined as the actual number of bytes in thatpurst that are

not cofrect (see example in Figure127).

\D
X C C C \XO X C C X C X X X C C C |...|] d X

<—— burstlength = 9 bytes ———
number of erroneous bytes in burst = 6

¢ = correct byte; x = erroneous byte

h il - aY_] bl 1 £l &
rigulc 147 — LAdIIPIC O DUlsStcitoul

Symbol error rate

The symbol error rate (SER) averaged over N LDC blocks is defined as the total number of all
erroneous bytes in the selected LDC blocks divided by the total number of bytes in those LDC blocks as

per Formula (65):

N
Z izlEai

e 65
Nx75392 (63)

where
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E, s the number of all erroneous bytes in LDC block i;

1

N is the number of LDC block.

Random symbol error rate

The random symbol error rate is defined as the symbol error rate where all erroneous bytes contained
in burst errors of length 240 bytes are counted neither in the numerator nor in the denominator of the
SER calculation as per Formula (66):

Zilil(E"i _Ebi )

(66)

Nx753972
where

Eai is

Ebi is

N is
34 Minimu

34.1 Geners

When checkirrg the quality of the disk, the area selected for'determining SER and burst errors s

overwritten 1

34.2 Rando

Random SER
LDC blocks.

34.3 Maximum burst errors

N
B 2 izlEbi

the number of all erroneous bytes in LDC block i;
the number of all erroneous bytes in burst errors = 40 bytes in LDC block i;
the number of LDC block.

m quality of recorded information

1

0 times with arbitrary user data.

m symbol error rate

after 10 times overwrites shdll be <2,0 x 10-% averaged over any 10 000 conse

In each recor

the sum of th¢ lengths of these/burst errors shall be <600 bytes.

34.4 User-

User-written [data_in a recording-unit block (RUB) as read in the HF read channel shall not g
any byte errofs.that cannot be corrected by the error correction system defined in Clause 13.

ing-unit block, the)number of burst errors with length 240 bytes shall be less thar

ritten data

hall be

cutive

8 and

ontain

35 Burst-cutting area (BCA)

The zone between r; and r5 is reserved for use as a burst-cutting area (BCA) (see 15.2 and Figure 54).

The BCA shall be used to add information to the disk after completion of the manufacturing process.

The BCA code can be written by a high-power laser system or by the initialize in the case of

rewritable di

sks.

All information in the BCA code, shall be written in CAV mode, where every revolution has exactly the
same content, which content shall be radial aligned (see Figure 128).
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The BCA code shall be located between radius 21,3_%’% mm and radius 22,0+8'§ mm on layer LO. (The
BCA code is allowed to overlap the protection-zone 1 partially.)

The BCA code shall be written on the layer L0, but some effect of writing the BCA code on layer LO can
be visible on the other layers.

The BCA code shall be written as a series of low-reflectance stripes arranged in circumferential
direction. Each of the stripes shall extend fully across the BCA in the radial direction.

The information in the BCA code can be read by a drive at any radius between radius 21,3 mm and
radius 22,0 mm on layer LO.

The ddcision to record BCA code is BDAP-dependent. BCA code shall not be recorded ifi‘the BCA unless
otheryise specified by the BDAP. The format and content of the BCA code is defined py agreement
betwegn the interchange parties.

Burst Cutting Area

Figure 128 — Schematic representation of BCA
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Thickness of transmission stacks in case of multiple layers

Annex A
(normative)

A.1 General

In case the t¢tal transmission stack consist of k layers, the following procedure shall be applied in

determining

the value

the value
let D(n) b

D(n) can be ey

D(n) = D(1
Then the thicl

A.2 Refrag

The refractivs

A.3 Thicki

The relative t

k
RT; :Z}
i=1

jhe thickness of the individual layers as follows:

5 d; .. dj represent the thicknesses of layers 1 ..k;
b n4 .. Ny represent the refractive indices of layers 1 ..k;

e the nominal thickness at refractive index n according to Figure 15;

for a TL dlisk, the curves show the thickness of equivalent spherical aberration.

pressed as Formula (A.1), using Formula (23):
,6) x g(n)

kness d, of layer k should be as per Formula (A.2):

k-1 d
X[l_g D(n, )]

tive index n; of all layersin cover and spacer layers

 index n; of each layer i the cover and spacer shall be 1,45 < n; <1,70.

ness variation of transmission stack

hickness of the-transmission stackj is defined as per Formula (A.3):

d.

1

D ()

The relative thickness, RT, of the transmission stacks, measured over the whole disk, shall Tu

following requirements.

a) Relativet
b) Relativet
c) Relativet

NOTE The

198

hickness, RT), of the transmission stack TS0: 94,0 <100,0 x RT, < 106,0.
hickness, RTy, of the transmission stack TS1: 69,0 < 75,0 x RT; < 81,0.

hickness, RT,, of the transmission stack TS2: 52,0 < 57,0 x RT, < 62,0.

thickness of recording layer is very thin and negligible in the calculation of the thickness.

(A1)

(A.2)

(A.3)

fil the
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A.4 Thickness variations of spacer layers

The effective thickness of the spacer layer j is defined as per Formula (A.4):

ES

k
j=Ddxf(m)

i=1

ES,: Effective thickness of the spacer layer 1.

ES,: Effective thickness of the spacer layer 2.

ES_: Effective thickness of TS2 or cover layer.

(A4)

FunctiLnf(n) is defined in Clause 12 and shown in Figure 16. The effective thickness(mez:

ns imaginary

value fvhen refractive index is assumed to be 1,60.
The a¢tual thickness (that can be measured by the method described in Annex K) under arbitral
refractive index is converted to the effective thickness under standard refractive index of|1,60. Defocus
values|of both the actual and effective thickness are the same. In this Annex)defocus is defined as focus
positign movement of the light going through the transparent medium-with each thickness and each
refractive index.
The effective thicknesses shall meet the requirement as per Foruriilae (A.5) and (A.6):

ES| - (ES; + ES;) 21,0 pm (A.5)

ESj - ES, 21,0 um (A.6)
A.5 Example of thickness calculation
Assunle a cover sheet with refractive index n; = 1,52 and a nominal thickness of 55,0 ym is attached
to the Pubstrate which has layer L2 bja gluing sheet with a refractive index n, = 1,58. In[ this case, the
nominpl thickness of cover layer atindex n; = 1,52 and 1,58, in um, are calculated as per Fprmulae (A.7)
and (AL8):

D(1,52) =D(1,6) x g(1,52) = 56,35 (A.7)

D(1,58) = D(1,6).x'¢g(1,58) = 56,81 (A.8)
where

D(1,6), =570 pum;

g(1,52) =0,9886;

g(1,58) =0,996 6 (see 12.3).
Then the nominal thickness of the gluing sheet, in um, is calculated as per Formula (A.9):

55
d, =56,81x| 1- =1,36 (A9)
56,35

and the effective thickness of cover layer (ES_: cover sheet + gluing sheet), in pm, is calculated as per

Formula (A.10):

ES

©150/1

c=55x1,0757+1,36 x 1,017 7 = 60,55
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where

f(1,52) =1,0757;
f(1,58) =1,017 7(see Clause 12).

The result shows that effective thickness ES_ is larger when refractive index n is smaller. Then, it is
better that that refractive index of cover layer (n. be smaller than those of spacer layers (ngq, ng,,
ng3) from the the view point of the requirement of ES, - (ES; + ES,) = 1,0 pum. Also, ng, > ng; > n.is a
preferable condition from the view point of the requirement of ES; - ES, > 1,0 um.
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Annex B
(normative)

Measurement of reflectivity

B.1 General

The re
follow

— fofused method.

The re
knowr

When
disk (A
the lig
Becau

neededl to determine the “main” reflectance from the reflective layer.

B.2 |

A good
with a

Figure

flectivity of a disk can be measured in several ways. The two most common me
ng:

rallel method; and

flectivity of the disk is measured by the focused method with thehelp of a refers
reflectivity, while the reflectivity disk is calibrated by the parallel method.

) falls onto the photodetector. The reflected light coming from the front surface g
ht coming from the parasitic reflectance’s inside the disk mainly falls outside the g
e in the parallel method only the “total” refleefarice (R,)) can be measured, a

Calibration method

reference disk free of birefringence;shall be chosen, for instance with a 0,1 mm gl
golden reflective mirror. This reference disk shall be measured by a parallel bear]
[B.1.

thods are the

nce disk with

mmeasuring the reflectivity in the focused way, only the lightreturned by the reflective layer of the

f the disk and
hotodetector.
calculation is

ss cover layer
h as shown in

©150/1
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R/ s to
detector
Iy
incident| — d
beam N
Key
R reflectivjty of the recording layer (including the double pass transmission stagkdransmission);
r reflectivity of the entrance surface;
R.¢ reflectivjty as measured by the focussed beam (is by definition = R /I);
Ig incident|beam;
R, reflectarjce caused by the reflectivity of the entrance surface;
R,  mainreflectance caused by the reflectivity of the recording layer;
R, reflectarce caused by the internal reflectance’s between theréntrance surface and the recording layer;

R,,  measurqd value (Rs + R, + Ryy).
Figure B.1 — Reflectivity calibration

The reflectivity of the entrance surface is\defined by Formula (B.1):
4
r:("_l (B.1)
n+1

where n is thq index of refraétion of the cover layer.

The main reflectance R§/='R,, - R, -R;,, which leads to Formula (B.2):

S
R, Iy
R (B.2)

ref — -
I R
B q_px2-1L
Iy

The reference disk shall be measured on a reference drive. The total detector current (the sum of all

4 quadrants = I, ;) obtained from the reference disk and measured by the focused beam is equated to

R, as determined above.

Now, the arrangement is calibrated, and the focused reflectivity is a linear function of the reflectivity
of the recording layer and the double pass transmission stack transmission, independently from the
reflectivity of the entrance surface.

B.3 Measuring method

Reflectivity in unrecorded, virgin rewritable areas
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A method of measuring the reflectivity using the reference drive.

a) Measure the total detector current, (I; + I,).. from the reference disk with calibrated
reflectivity, R ...

b) Measure the total detector current, (I; + 1), from a groove track in an area of the disk under
investigation where the groove track and the two adjacent tracks on each side of the groove track
never have been recorded nor erased.

c) Calculate the unrecorded virgin disk reflectivity, R, in the groove tracks of the rewritable area as
per Formula (B.3):

th+7)
. I LI § G
g-v_(l +1 ) ref (B.3)
1772 )ref
Refledtivity in unrecorded, erased rewritable areas

A method of measuring the reflectivity using the reference drive.

a) Measure the total detector current, (I; + I,).. from the réference disk with calibrated
reflectivity, R
b) Measure the total detector current, (I; + I,);, from a grogve track in an area of the disk under
inyestigation where the groove track and the two adjacefit tracks on each side of thg groove track
to|be measured have been erased. Erasure of these tracks shall be done by irradiat{ng the tracks
uging only the, P;, power as determined from the OPCjalgorithm (see Annex G).
¢) Cqlculate the unrecorded erased disk reflectivity, R, ., in the groove tracks of the rqwritable area
as|{per Formula (B.4):
(11 +12 )(;
g-e Z# ref (B.4)
( 1 + 2 )ref
Refledtivity in recorded rewritable.areas

A method of measuring the reflectivity using the reference drive.

M
re

a)

b) M
le
of]

(s

pasure the total detector current, (I; + I,)..p from the reference disk wi

flectivity, R ...

refr

pasure Igy frem-a recorded groove track in an area of the disk under investiga
st the tweyadjacent tracks on each side of the groove track also have been record
the tracks  shall be done using the optimum powers as determined from the Q
be Annex G).

th calibrated

fion where at
ed. recording
PC algorithm

c) C3

leilate the recorded disk reflectivity, Rgy, in the groove tracks of the rewritabl|e area as per

Formula (B.57T:

NOTE

I8H

Ry =——+——

ref

(B.5)

When measuring the reflectivity on a recording layer, make sure that the corresponding portions of
all other layers are unrecorded.

B.4 Procedure for compensating stray light effect from observed reflectivity

The reflectivity obtained by applying the measuring method described in B.3 is influenced by the stray
lights which are caused by the reflection from other layers (see Figure B.2). Therefore, the observed
reflectivity shall be compensated to decrease the influence. Hereafter, the reflectivity obtained by
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applying the measuring method described in B.3 shall be referred as the observed reflectivity and the
reflectivity compensated using the procedure below shall be referred as the compensated reflectivity.

Layer LO

Layer L1

Layer L2

Stray lights
Reflection from the layer being

readout

Irjcident beam
fdcused on
Layer L1

Observed reflectivity

Figure B.2 — Influence of stray lights from other layers

The observed|reflectivity of the reproduction layer can be compensated-by the procedure below.
Following corlditions are assumed.
a) Multiple feflection can be ignored.

b) Observed light is the sum of reflection from reproduction layer and all stray lights frpm all
other layprs.

c) Effects offcoherent optical interference on the detector surface is ignored.

d) The intenfsity of the stray light spot projected on the detector is uniform. Thus, the detector putput
of the single stray light is proportional to-the ratio of area of the stray light spot and photoddtector.
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] Reflection from
Layer L; lek Layer L; reproduction layer

PD

2XIrxXM

Key

i layer index of reproduction layer

j layer index of other layers

n refractive index of the transmission stack

a angle of incidence beam at interior of the disk, sina = NA/n
dj; physical distance between layer Li and layer Lj

r spot radius on the other layer: r = djtana

PD,,rm|  size of detector projected on the reproduction layer (see 94)
M transversal optical magnification of the optical systeny

Figure B.3 — Ray trace of stray light

In geometrical optics view, the radius of the stray light spot projected on the reproductjion layer Li is
2 x r ap shown in Figure B.3.

The areal ratio of the stray light spot fremlayer Li and the detector, both projected on thereproduction
layer, is then derived as per Formula{'B.6):

A ZPDnorm — PDnorm (B 6)
U 2 2 '
n(2r) n(Zdijtanoc)
The ohjserved light is the sum of reflection from the reproduction layer and all stray lights|from all other
layers{Thus, the observed reflectivity of the reproduction layer Li is then expressed with Formula (B.7):

N
SR+ LR 4; (N=2,3) (B.7)
j=0
[j#i]
where
S; is the observed reflectivity (R ;, 5.\, R 1) o.s R giy) Of layer Li (including influence of stray light);
R;  isthe compensated reflectivity (R,.,, Ry., Rgy) of layer Li;

N is the number of recording layers of disk (2 for a TL disk).

For R, Formula (B.7) can be rewritten as S,_, =4 * R,_, using the vector and matrix representation,
where S, is the observed reflectivity vector in the unrecorded virgin layer, Ry, is the compensated
reflectivity vector in the unrecorded virgin layer, and 4 is the areal ratio matrix.
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Thus, the compensated reflectivity vector R, _, can be derived as Formula (B.8):

R, ,=A"S,, (B.8)

For R, ., the compensated reflectivity in the unrecorded erased layer (R,..; can be expressed as

g-e,i
Formula (B.9):

N
Rg-e,i :Sg-e,i - ZRg-v,inj (N=2,3) (B.9)
=0
[j#i]
where S,_. ; is|the observed reflectivity of the unrecorded erased layer Li.

For Rgy, the cpmpensated reflectivity in the recorded layer (Rgy ;) can be expressed as Fopmula ([B.10):

N
Ren, =Sai i~ O Ry ;47 (N=2,3) (B.10)
Jj=0
L]
where Sgy ; is[the observed reflectivity of the recorded layer Li.
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Annex C
(normative)

Measurement of scratch resistance of cover layer

C.1 General

The entrance surface of the disk has sufficient scratch resistance, which may beciy
protedtive coating.

C.2 Taber abrasion test

The following so-called “taber abrasion” test verifies whether the scratch’resistance of
surfacp of the disk is sufficient.

Two wheels covered with abrasive material are applied to the disk under test with a
(see Figure C.1).

rotation axis of.disk

rotation axis
£).. of wheels

.

hproved by a

the entrance

bpecified load

otation
lirection

fdisk

~.
~.

projection of ~ .
rotation axis of wheels

Figure C.1 — Typical abrasive test setup

Conditions for the test:

The test setup shall be according to ISO 9352 with the following details:
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—  type of wheels: CS10F;
— load applied to each wheel: 2,5N;
— number of revolutions: 5.

The abrasion test shall be applied before the necessary recordings are made.

Results after test:

The i-MLSE as specified in Annex H, when measured on layer L0, shall be <14 %.

Treatment o

tha abrasivawhaoaale:
SISV WHeers:

Treatment of

Before perfor
refacing stong

— new wheq

—  wheels th

TITS

the abrasive wheels should be based on ASTM D1044/11,

ming a Taber Abrasion test, each time both abrasive wheels should be refaced by an ST-11

as follows:
s shall be refaced for 100 cycles; and

at have been used before shall be refaced for 25 cycles.
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Annex D
(normative)

Measurement of repulsion of grime by cover layer

D.1 General

This ahnex describes a method of applying an artificial finger print (AFP) to the disk far\yhe purpose of
determining the disk's sensitivity to fingerprints. Figure D.1 shows the basic procedure:

49N 49N
10 4econds 10 seconds

\|/ Silicone rubber J/
stamp

.

- = - >
Ink pad Disk under tésb Disk under|test
adljesion of ink to stamp stamping with AFP

Figure D.1 — Applying AFP to disk

After gpplying the AFP, the random SER{see 33.4) in each physical cluster in the AFPiprinted area,
when measured on layer L0, shall be <4:2 x 10-3 when recording and reading through the AFP. In each
physicl cluster, the number of burst.etrrors with length =40 bytes shall be less than 8 apnd the sum of
the lerlgths of these burst errors shall be <800 bytes.

D.2 S$pecifications of'stamp
The silicone rubber stamp shall have the following specifications (see Figure D.2):

— dimensions:stamp shape @16 mm x @12 mm x 20 mm height; and

— shipre hardness is A60.
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\_/V

Figure D.2 — Stamp shape and preparation

To provide the stamp with random scratches, it shall be abraded with sandpaper #240.

The sandpapé¢r is moved slowly in one direction between 10{times and 20 times. The force pn the
sandpaper shfll be between 4,9 N and 9,8 N.

Then the stanpp is rotated over an arbitrary angle and the'previous process is repeated.

Rotating and pbrading shall be repeated at least 30 tintes.

D.3 Preparation of ink
The ink to pript the AFP shall be composed of the following components:

— M: Methoky Propanol (1-Methoxy-2-Propanol);

— T: Triolein (purity of at leagt\60 %);

— D: Standard Dust (acéerding to specifications defined in JIS Z 8 901, selected grade: clpss 11
KANTO loam].)

The components Ms-F and D shall be mixed in the mass ratio 240:20:8. The mixture shall be $tirred
rapidly usingla plastic stick for at least 15 s by hand. Every time mixing the solution, the stirrinjg stick
shall be cleanpd\by ethyl alcohol. nlg

D.4 Preparation of ink pad

To guarantee a fixed amount of ink taken up by the stamp, the ink is spin coated onto the ink pad, which
pad shall be an injection-molded polycarbonate Substrate without any pit or groove pattern. Just before
applying the ink on the disk, it shall be stirred very well, e.g. by ultrasonic vibration for at least 30 s.

While rotating the Substrate on a spinner at 60 revolutions per minute, within 10 s, at least 2 ml of the
ink solution is applied on it at a radius of about 12 mm (see Figure D.3).

1) For further information, contact the Association of Powder Process Industry and Engineering, Japan (http://
www.appie.or.jp/english/).
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spreading
the solution
by spinnig

solution
put on
Substrate

Figure D.3 — Spin coating ink pad

After gpplying the ink on the disk, the rotational speed shall bes100 revolutions per njinute for one
second, then the speed shall be increased linearly to 5 000 revglutions per minute in 5 g, which speed
shall ble held for 1 s (see Figure D.4). The spin-down time is not critical.

5000 r/min
pouring the
ink solution
<100 r/min
60jr/min N 100 1/min
<44 —>< ><4—>
0,1s~15s 1s 5s 1s

Figure D.4 — Speed profile for spin coating ink pad

D.5 Using ink pad and stamp

The recommended location for applying ink to the stamp is around radius 30 mm.
The stamp can be cleaned with lint-free tissues, such as BEMCOT.

The stamp can be cleaned first with a tissue wetted with ethyl alcohol, after which it can be wiped off
with a dry tissue.
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Annex E
(normative)

Measurement of wobble amplitude

E.1 Measurement methods

The wobble s

gnal and the push-pull signal shall be filtered before measurement. The woblle|signal

shall be filter¢d through a 16 MHz low-pass filter, the push-pull signal through a 30 kHz low=pass filter.

Because of th
wobble signal
to measure th

(while continfiously tracking the spiral groove):

Step 1) Meas

Under the tr3
analyzer with

—  centre f
—  span:
—  resoluti
— videob
—  sweept

Under these ¢
time (see Figu

e wobble beat and the modulation of the grooves, it is very difficult to>determine the
s sufficiently accurately by normal oscilloscope measurement. Therefore)it is predcribed
e wobble signals by means of a spectrum analyzer according to thefollowing procgdures

nrement of non-NWS

icking requirements of 25.3.4, the push-pull signal shall’be measured by a spdctrum
the following settings:

requency: 1 913,043 kHz;
zero span;
on bandwidth: 30 kHz;
hndwidth: 100 Hz;
ime: set it such.that several beats in the wobble signal can be obseryed.

pnditions, the spectrum analyzer shows the RMS value of the input signal as a fungtion of
re E.1).
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Mkr1 533 ms -39,6 dBV
Ref -32 dBV Atten 0 dB  Mkr2 367 ms -46,4 dBV

Log
2dB/

Mkr1
®

WA AW AW

Mkr2

Centre 1 913,043 kHz Span 0 Hz
Res BW 30 kHz VBW 100 Hz

Figure E.1 — Example of spectrumanalyzer showing wobble signal

The signal level at marker Mkr2 represents,thie’minimum wobble signal WS, in dBV Because the

spectrjum analyzer measures RMS values, amultiplication factor of 2 x V2 shall be adde{d to translate
the mgasured value into volts peak-to-peaks(-46,4 dBV in the example corresponds to 13)5 mVpp).

Step 2|) Measurement of the non-nermalized push-pull signal
Next the open-loop push-pull signdl (I; - L), is measured (see 25.4):
Suppose for this examplé the value is 30 mVpp.

Step 3|) Calculate the NWS

NS, = tomin 135

=0,45
" (L), 30

Step 4)) Determine the wobble beat

The wobble beat is as per Formula (E.1):

WS, ax = WS, = 6,8dBor NWS_ . =2,2x NWS ;. (E.1)

Step 5) Measurement of the CNR of the wobble signal

Under the tracking requirements of 25.3.4, the push-pull signal shall be measured by a spectrum
analyzer with the following settings:
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—  centre frequency: 1 MHz;

—  span: Zero span;

—  resolution bandwidth: 30 kHz;

—  video bandwidth: 10 Hz;

—  sweep time: set it such that several beats in the wobble signal can be observed.

Under these 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
2 dB/
Mkr1
P — T — ‘K__’——\.—
Centre 1,0 MHz Span 0 Hz
Res BW 30 kHz VBW 10 Hz Sweep 1,767 s
Figure E.2 — Example of spectrum analyzer showing noise signal
The signal levlel at markerMkr1 represents the level of the noise signal in dBV.
The wobble CNR, in dB, can now easily be calculated to be as per Formula (E.2):
WS,,in — NoiseLével = - 46,4 + 75,4 = 29 (according to the example values) (E.2)

Step 6) Measurement of the SHD/SHL
This measurement shall be performed as indicated in 27.3.4.

Under the tracking requirements of 25.3.4, the push-pull signal shall be measured by a spectrum
analyzer with the following settings:

For fundamental frequency level measurements:
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— centre frequency: 1913,043 kHz;
—  span: Zero span;

—  resolution bandwidth: 10 kHz;

—  video bandwidth: 1 Hz;

—  sweep time: about 5 seconds.

For second-harmonic level measurements:

— fentre frequency: 3826,0 kHz;

—  $pan: Zero span;

—  Tresolution bandwidth: 10 kHz;

—  yideo bandwidth: 1 Hz;

—  §weep time: about 5 seconds.

Under|these conditions, the spectrum analyzer shows the RMS-yalue of the fundamenjtal frequency
levels In the data zone and protection-zone 3 as functions of time, see Figure E.3.

Ref-10 dBm tten 10 d A-view B-view
Lo F,
10 d%/ *PZ3
= S ~. 3dB
A
FDZ
Centre 1 913,043 kHz Span 0 Hz
Res BW 10 kHz VBW 1 Hz Sweep 5s

Figure E.3 — Example of fundamental wobble frequency level measurement
In Figure E.3, the lower trace represents the fundamental-frequency level measurement in any
rewritable area of the data zone, indicated as Fy;.

In Figure E.3, the upper trace represents the fundamental-frequency level measurement in protection
zone 3, indicated as Fpy3.

Fpz and Fpy5 values are determined at the average levels of the Fpy; and Fpy5 traces.

Likewise, the spectrum analyzer shows the RMS value of the second-harmonic levels in the data zone
and protection-zone 3 as functions of time, see Figure E.4.
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