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Foreword

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

Ecma Technical Committee TC31 was established in 1984 for the standardization of Optical Disks and Optical
Disk Cartridges (ODC). Since its establishment, the Committee has made major contributions to ISO/IEC
toward the development of International Standards for 80 mm, 90 mm, 120 mm, 300 mm, and 356 mm media.
Numerous standards have been developed by TC31 and published by Ecma, almost all of which have also
been adopted by ISO/IEC under the fast-track procedure as International Standards.

In Juneé
optical
ISO/IE
Stand4d

This In
recordi

2006, a group of companies proposed that TC31 develop a standard for 120 mm dual)l

ayer rewritable

disks using phase change recording technology and based on ISO/IEC 16448,(ISO/IEC 17341 and

C 26925. TC31 adopted this project and started the work that has resulied lin thi
rd.

ternational Standard specifies two Types of rewritable optical disks: One (Type S9)
hg on only a single side of the disk and yielding a nominal capacity, ¢f 8,55 Gbytes or 2

5 International

making use of
66 Gbytes per

disk amd the other (Type D18) making use of recording on both sides.ef/the disk and yielding a nominal

capaci

This In|
develo
betweq

y of 17,1 Gbytes or 5,32 Gbytes per disk.

ternational Standard, taken together with a standard for volume and file structure, such

as for instance

ped in Ecma Technical Committee TC15, provides the-requirements for informatign interchange

N systems.
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Information technology — Data interchange on 120 mm
80 mm optical disk using +RW DL format — Capacity:

and

8,55 Gbytes and 2,66 Gbytes per side (recording speed 2,4X)

1 Scope

This Ipternational Standard specifies the mechanical, physical and optical characteristicc of 120 mm
rewritaple optical disks with capacities of 8,55 Gbytes and 17,1 Gbytes. It specifies.the quality ¢f the recorded
and urfrecorded signals, the format of the data and the recording method, thereby allowing for information
interchange by means of such disks. The data can be written, read and overwritten many times using the

phase change method. These disks are identified as +RW DL.

This International Standard also specifies 80 mm disks with capacities '0f'2,66 Gbytes and 5,32 |Gbytes. These

disks Have the same characteristics as the 120 mm disks, except for-some parameters related
dimengions. All parameters unique for the 80 mm disks are specified in Annex A.

This Infernational Standard specifies the following:
— twp related but different Types of this disk (see Clause 7);
— the¢ conditions for conformance;

— the environments in which the disk is tobe tested, operated and stored;

to the smaller

— th@ mechanical, physical and .dimensional characteristics of the disk, so as to provifle mechanical

interchange between data procéssing systems;

— the¢ format of the information on the disk, including the physical disposition of the tracks apd sectors, the

erfor correcting codesiand the coding method;

— the characteristigs of the signals recorded on the disk, thus enabling data processing systg
data from the-disk.

This International Standard provides for the interchange of disks between optical disk drives. T
standafd for.volume and file structure, it provides for full data interchange between data process

2 Conformance

2.1 Optical disk

ms to read the

ogether with a
ing systems.

A claim of conformance with this International Standard shall specify the Type implemented. An optical disk is

in conformance with this International Standard if it meets all mandatory requirements specified

2.2 Generating system

for its Type.

A generating system is in conformance with this International Standard if the optical disk it generates is in

accordance with 2.1.

© ISO/IEC 2009 — All rights reserved
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2.3 Receiving system

A receiving system is in conformance with this International Standard if it is able to handle both Types of
optical disk according to 2.1.

2.4 Compatibility statement

A claim of conformance by a generating or receiving system with this International Standard shall include a
statement listing any other standards supported. This statement shall specify the numbers of the standards,
the optical disk types supported (where appropriate) and whether support includes reading only or both
reading and writing.

3 Normative references

The following |referenced documents are indispensable for the application of this documeént. Forl dated
references, only the edition cited applies. For undated references, the latest editionfof the refgrenced
document (including any amendments) applies.

ISO/IEC 487311991, Information technology — ISO 8-bit code for information interchange — Structyre and
rules for implementation

ISO/IEC 16448:2002, Information technology — 120 mm DVD — Read-onfly disk

ECMA-287, Safety of electronic equipment (2002)

4 Terms gnd definitions

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

4.1

channel bit

elements by which the binary values ZERO and ONE are represented by marks and spaces on the disk

4.2

clamping zonp

annular part of| the disk within which'the clamping force is applied by the clamping device

4.3

Digital Sum Value

DSV

arithmetic sum obtained from a bit stream by allocating the decimal value +1 to bits set to ONE gnd the
decimal value 10 bits set to ZERO

4.4

disk reference plane
plane defined by the perfectly flat annular surface of an ideal spindle onto which the clamping zone of the disk
is clamped, and which is normal to the axis of rotation

4.5
dummy subst

rate

layer, which can be transparent or not, provided for the mechanical support of the disk and, in some cases, of
the recording layer as well

4.6

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

4.8

groove
trench-like feature of the disk, applied before the recording of any information and used to define the track
location

NOTE
made o

4.9

proces
errors

4.10
mark

The groove is located nearer to the entrance surface than the “land” in between the grooves.
n the groove.

The recording is

interleLving
5 of reallocating the physical sequence of units of data so as to render the data niore ilmmmune to burst

featurd of the recording layer that can take the form of an amorphous domain; a pit or any oth

that ca
NOTE

4.1
phase

physical effect by which the area of a recording layer irradiated by a laser beam is heated sq

from a

412

h be sensed by the optical system

The pattern of marks and spaces represents the data on the disk-

change

n amorphous state to a crystalline state and vice versa

physidal sector

smalle

5t addressable part of a track in the Infermation Zone of a disk that can be accessed in

other dddressable parts of the zone

413

recording layer

layer o

414
Reed-
RS
errord

415

f the disk on which data is written during manufacture and/or use

Solomon code

btection and/or‘correction code

refere:rce velocity

linear

4.16
space

eloeity that results in the nominal channel bit rate of 26,156 25 Mbit/s

er type or form

as to change

Hependently of

feature of the recording layer that can take the form of a crystal, a non-pit or any other type or form that can be
sensed by the optical system

NOTE

417

The pattern of marks and spaces represents the data on the disk.

spacer
transparent layer of the disk, provided for achieving an accurate separation of the pair of recording layers
which are accessed by the optical beam through the same entrance surface
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4.18
substrate

transparent layer of the disk, provided for mechanical support of the recording layer, through which the optical
beam accesses the recording layer

4.19
track
360° turn of a

4.20
track pitch

continuous spiral

distance between adjacent track centrelines, measured in a radial direction

4.21

Video Conten

VCPS
method to pre
DVD+R/+RW

4.22

wobble
continuous sin
NOTE The

4.23
zone

annular area o

5 Conven

5.1 Repres

A measured v

instance, it img
- 0,02 allows a

Numbers in de

Numbers in he

The setting of

Numbers in b

k Protection System

ent unauthorized copying and/or redistribution of video data that is recorded.inthe
ideo format

Lisoidal deviation of the track from the average centreline

location information is included as phase modulated data in the wobble.

f the disk

tions and notations

entation of numbers

lue may be rounded off to.the least significant digit of the corresponding specified val
lies that a specified valué of' 1,26 with a positive tolerance of + 0,01 and a negative toler:
range of measured values from 1,235 to 1,274.

cimal notations are-represented by the digits 0 to 9.

xadecimal notation are represented by the hexadecimal digits 0 to 9 and A to F in parent

Dits is denoted by ZERO and ONE.

nary” notations and bit patterns are represented by strings of digits 0 and 1, with th

he. For
ance of

neses.

e most

significant bit shown to the left. In a pattern of n bits, bit b,,_4 shall be the most significant bit (msb) and bit by
shall be the least significant bit (Isb). Bit b,,_4 shall be recorded first.

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

In each data field, 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 afield of 8n bits, bit bg,.1) shall be the most significant bit (msb) and bit by the least significant bit (Isb).

Bit byg,.1) shall

be recorded first.
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5.2 Names

The names of entities, e.g. specific tracks, fields, etc., are given with an initial capital.

6 Abbreviated terms

a.c. alternating current NA Numerical Aperture
ADIP address in pre-groove NRZ Non Return to Zero
ASM asymmetry NRZI Non Return to Zero Inverted
BP Byte Position NSL Normalized Slicing Level
BPF Band Pass Filter OPC ()pﬁmllm Paower Control
CAV Constant Angular Velocity OTP Opposite Track Path
CLD Constant Linear Density PAA Physical Address in ADIP
CLv Constant Linear Velocity PBS Polarizing Beam Splitter
d.c. direct current Pl Parity of Inner-code
DCB Disk Control Block PLL Phase Locked LoGp
DCC d.c. Component suppression Control PO Parity of Outer-code
DOW Direct OverWrite PP Push-Pull
DSV Digital Sum Value pp peak-to-péak
ECC Error Correction Code PSN PhysicahSector Number
EDC Error Detection Code PTP Parallel'Track Path
El Extended Information RIN Relative Intensity Noise
FBA First Backwards-formatted Address RPM Revolutions Per Minute
FDCB Formatting DCB RS Reed-Solomon code
HF High Frequency RSV, reserved
ID Identification Data (in use by specific applications
IED ID Error Detection code RUN Recording UNit
LPF Low Pass Filter SNR Signal to Noise Ratio
LSB Least Significant Byte SPS Start Position Shift
Isb least significant bit SYNC synchronization code
LSN Logical Sector Number
LWA Last Written/forwards-formatted
Address
MSB Most Significant Byte
msb most significant bit
7 General description of the optical disk
The optical disk that is the subject of this International Standard consists of two substrates bonded together by
an adhesive layer,-So'that the recording layer(s) is (are) on the inside. The centering of the digk is performed
on the edge of the‘centre hole of the assembled disk on the side currently accessed. Clamping |s performed in
the Clgmping.Zone. This International Standard provides for two Types of such disks.
Type §9 consists of a substrate, a dummy substrate and two recording layers with a spacer between

: X 3,55 Gbytes for
the 120 mm sized disk and 2,66 Gbytes for the 80 mm sized disk.

Type D18 consists of two substrates, each having two recording layers with a spacer between those two
recording layers. From each side of the disk only one pair of recording layers can be accessed.
The capacity is 17,1 Gbytes for the 120 mm sized disk and 5,32 Gbytes for the 80 mm sized disk.

Data can be written onto the disk as marks in the form of amorphous spots in each of the crystalline recording
layers and can be overwritten with a focused optical beam, using the phase change effect between
amorphous and crystalline states. The data can be read with a focused optical beam, using the phase change
effect as the difference in the reflectivity between amorphous and crystalline states.

© ISO/IEC 2009 — All rights reserved 5


https://iecnorm.com/api/?name=d398bc9e2efd2af9715d29cc1c64fe1d

ISO/IEC 29642:2009(E)

Figure 1 shows schematically the two Types. The two layers forming a pair of recording layers that can be
accessed from one side of the disk, are identified as Layer 0 (LO) and Layer 1 (L1). Layer O is the layer nearer
to the entrance surface.

The beam accesses Layer 0 through a transparent substrate of the disk.

Layer 1 is accessed through the same transparent substrate, through Layer 0, which for this purpose has to
be semi-transparent, and through a transparent spacer.

In the Type S9 disk, generally Layer L1 is placed on the Dummy Substrate and the functions of Adhesive

Layer and Spa

cer Layer are combined.

Ty

The efficiency

Entrance surface

4

<«— Substrate

l«— Recording Layer\0

] [«——— Spacer / Adhesiye Layer
<——— Recording Cayer 1
<«— Dummy.SUbstrate

Substrate
Recording Layer 0
Spacer

Recording Layer 1
Adhesive Layer
Recording Layer 1
Spacer

Recording Layer 0
Substrate

TEntrance surface

Figure 1 — Types of +RW DL disk

and data reliability of +RW DL disks can be improved by the use of Background Formatt

Defect Manag¢ment. An €éxample of such a system is referred to in Annex N.

Unauthorized
can be preven

copying.and/or redistribution of video data that is recorded in the DVD+R/+RW Video
ed’by-applying the Video Content Protection System as referred to in Annex O.

ng and

Format

8 General

Requirements

8.1 Environments

8.1.1 Test environment

In the test envi

ronment, the air immediately surrounding the disk shall have the following properties:

temperature :23°C+2°C

relative humidity 145 % to 55 %

atmospheric pressure : 60 kPa to 106 kPa

6 © ISO/IEC 2009 — All rights
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No condensation on the disk shall occur. Before testing, the disk shall be conditioned in this environment for
48 h minimum. It is recommended that, before testing, the entrance surface of the disk shall be cleaned
according to the instructions of the manufacturer of the disk.

Unless otherwise stated, all tests and measurements shall be made in this test environment.

8.1.2 Operating environment

This International Standard requires that a disk which meets all requirements of this International Standard in
the specified test environment shall provide data interchange over the specified ranges of environmental
parameters in the operating environment.

The operating environment is the environment where the air immediately surrounding the disk|shall have the
following properties:

temperature :5°Cto55°C
relativg humidity :3%1t085%
absolute humidity :1g/m3to 30 g/m3
atmospheric pressure : 60 kPa to 106 kPa
temperature gradient : 10 °C/h max.
relativg humidity gradient : 10 %/h max.

No cordensation on the disk shall occur. If the disk has been exposéd)to conditions outside thdse specified in
this clduse, it shall be acclimatized in an allowed operating environment for at least 2 h before use.

8.1.3 |Storage environment

The stprage environment is defined as the environment'where the air immediately surrounding the disk shall
have the following properties:

temperature :-103Cto 55 °C
relativg humidity ::3:% to 90 %
absolute humidity “1 g/m3 to 30 g/m3
atmospheric pressure : 60 kPa to 106 kPa
temperature gradient : 15 °C/h max.
relativg humidity gradient : 10 %/h max.

No conldensation on the disk shall occur.

8.1.4 |Transportation

This International/Standard does not specify requirements for transportation; guidance is given in Annex M.

8.2 $afetyrequirements

dgd manner or in

8.3 Flammability

The disk and its components shall be made from materials that comply with the flammability class for HB
materials, or better, as specified in Standard ECMA-287.
9 Reference Drive

The Reference Drive shall be used for the measurement of optical parameters for conformance with the
requirements of this International Standard. The critical components of this device have the characteristics
specified in this clause.
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9.1 Optical system

The basic set-up of the optical system of the Reference Drive used for measuring the (over)write and read
parameters is shown in Figure 2. Different components and locations of components are permitted, provided
that the performance remains the same as that of the set-up in Figure 2.

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

The combination of the polarizing beam splitter C and the quarter-wave plate D shall separate the entrance
optical beam from the laser diode A and the reflected optical beam from the optical disk F. The beam splitter C
shall have a p-s intensity reflectance ratio of at least 100.

During measu

ements on one layer of a dual-layer disk, light reflected from the other layer can ianuerLce the

measurementg on the layer under investigation. To cope with these effects, the photo detector’shall have

limited dimengions. Its length and width shall be between M x 9 um and M x 12 um,cwhere M
transversal opfical magnification from the disk to its conjugate plane near the quadrant photo/detector G.

/
/1 i Réad Channel 1
A >
G H
/ I
a b + + £ H2 Read ChannelZ
e Hy 5 "
Tangential
Iy le track S
direction Iy [y |1s |1y
G
A F |
A B C D E

is the

A Lager diode F Optical disc o
B Cdllimator lens G 4 quadrant photo detector
C Pdlarizing beam splitter H,, Hy, Hy, H, d.c. coupled amplifiers
D Qdarter-wayeplate s los 1o 1y Output currents from photo detector G
E Ofjective lens Iy, 15 Summed output currents of Hg, H,
Figure 2 — Optical system of the Reference Drive
9.2 Optical beam

The focused optical beam used for writing and reading data shall have the following properties:

10
a) Wavelength (1) 655nm "
-5nm

aperture of the objective lens (NA) 0,65 + 0,01

b) Numerical

c) The objective lens shall be compensated for spherical aberrations caused by a parallel substrate with

nominal th

ickness (0,6 mm) and nominal refractive index (1,55).
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d) Wave front aberration 0,033 x A rms max.
e) Light intensity at the rim of the pupil of the 35 % to 50 % of the maximum intensity
objective lens in the radial direction and 45 % to 60 % in the

tangential direction.

f) Polarization of the light Circular

g) Normalized detector size 80 um? < S/ M? < 144 ym?
where S is the total surface of the quadrant
photo detector

h) Repad power (average) 1,2mW 0,1 mW
(d.c. or HF modulated with.a frgquency
>400 MHz)

i) Wiite power and pulse width see Annex G

j) Rejative Intensity Noise (RIN )* of the laser diode -134 dB/Hz max:

*R|IN (dB/Hz) = 10 log [(a.c. light power density / Hz) / d.c. light power]

9.3 Read channel 1
Read ghannel 1 shall be provided to generate signals from the marks and spaces in the recording layer. This
Read ¢hannel shall be used for reading the user-written infermation, using the change in reflectivity of the
marks jand spaces due to the phase change effect. The read amplifiers after the photo detectqrs in the Read
channgl shall have a flat response within 1 dB from d.c..{0.20 MHz.

For mgasurement of jitter, the characteristics of the PLL and the slicer, etc. are specified in Annex E.

9.4 Disk clamping

For mgasuring, the disk shall be clamped between two concentric rings covering most of the Clamping Zone
(see 10.5). The top clamping area shall have the same diameters as the bottom clamping area (Figure 3).

<t dout >

Figure 3 — Clamping and chucking conditions
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Clamping shall occur between

din =22,

+0,5mm
3mm
-0,0mm

0,0
and  dgyt :32,7mm+ o

-0,5mm

The total clamping force shall be F; = 2,0 N £ 0,5 N. In order to prevent warping of the disk under the moment
of force generated by the clamping force and the chucking force F, exerted on the rim of the centre hole of the
disk, F, shall not exceed 0,5 N (see Figure 3).

The tapered cone angle, a, shall be 40,0° + 0,5°.

9.5 Rotation of the disk

The actual ro
3,83 m/s £ 0,0
counter-clockw

The actual rof]

parameters ar
Zone of the dis

9.6 Wobblg

Read channel
disk during wn

difference in thhe amount of light in the two halves of the exit'pupil of the objective lens. The read an

after the photo

9.7 Trackin

Read channel
optical beam.
difference in th

The method off

For measuring
be optimized

modulated sigmals (see 29:2:2).

9.8 Reference servo systems

ation speed for reading the disk shall be such that it results in the Reference velg
B m/s at the nominal Channel bit rate of 26,156 25 Mbit/s. The direction of. rotation s
ise when viewed from the objective lens.

ption speed (vactual) for writing the disk shall be such that it includes) all velocities fo

k (see 14.4.1.1 and 14.4.2).

channel (Read channel 2)

2 of the drive provides the wobble signals to contrel\the access to addressed locations
iting. The wobble signal is generated in Read €hannel 2 as a signal (/4 - ;) related

g channel (Read channel 2)
2 of the drive provides the tracking error signals to control the servos for radial tracking
The radial tracking error is generated in Read Channel 2 as a signal (/4 - I5) related
e amount of light in the two.halves of the exit pupil of the objective lens.

generating the axial tracking error is not specified for the Reference Drive.

the disk characferistics, the focusing of the optical beam on the recording layer under tej
for each recording layer independently. The criterion for the best focus shall be m3

detectors in the Read channel shall have a flat response within 1 dB from d.c. to 20 MHz.

city of
hall be

which

p specified in the Physical format information in the ADIP Aux Frames in the Lead-in/Lead-out

on the
to the
plifiers

of the
to the

st shall
Ximum

9.8.1 Norma

The open-loop

1zed servo transter runction

transfer function, Hg(im) for the axial and radial tracking servos is given by equation (1),

i

1 (og ) 1+(,07
Hs(im):gx[_—oj x——
(0] 1+Ii

30)0

where:
and fyis

10

i=+—-1, o=2nf and wg=2nfy
the 0 dB crossover frequency of the open-loop transfer function.
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The crossover frequencies of the lead-lag network of the servo are

lead break frequency: f1=1fy/3
lag break frequency: fb=fx3

Another frequency of importance is the frequency fyx at which a sinusoidal displacement with an amplitude
equal to the maximum allowed residual tracking error e, corresponds to the maximum expected
acceleration ¢4« This frequency can be calculated as follows:

£ o= 1 [Omax
X 21

=R\—Emax

Becauge the tracking error signals from the disk can have rather large variations, the tracking grror signal fed
into egch reference servo loop shall be adjusted to a fixed level (effectively calibrating“the total loop gain),
such tq guarantee the specified bandwidth.

9.8.2 |Reference Servo for Axial Tracking

The crpssover frequency of the normalized servo transfer function (Hg).for“axial tracking, fy = jw o / (2=) shall
be given by equation (2), where a5, is the maximum expectedcaxial acceleration of 8,0 m/s2, which is
multiplied by a factor m = 1,5 for servo margin. The tracking error e,y caused by this mxa,ax, shall be
0,20 pm.

Thus the crossover frequency fy shall be given by

fo=—1 3xMxomax _ 1 L“i:zj kHZ (2)
21 emax 2n 0,20 x10

For an open loop transfer function H._of the Reference Servo for axial tracking, |1+H|| is limited as
schematically shown by the shaded region of Figure 4.

—_

Bandwidth from 100 Hz to 10 kHz

| 1+H [[shall be within 20%:of*| 1+H; | .

Bandwidth from 26 Hz-to 100 Hz

| 1+H ||shall be wvithin the limits enclosed by the following four points.

1) 41,71dB &tA00 Hz (|1+H| at 100 Hz - 20% )

2)45,2dB at 100 Hz ([1+H| at 100 Hz + 20% )
3)65,1dBat26 Hz (| 1+Hg| at 26 Hz - 20% )
4)851dBat26 Hz (| 1+Hg| at 26 Hz- 20% + 20 dB)
Bandwidth from 9,5 Hz to 26 Hz

| 1+H | shall be between 65,1 dB and 85,1 dB.
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Gain (dB)
851 | N
80 : a
65,1 |- L
60 N
452 [ S R \
41,7 e \\
20 \\\
0 : N
v
-10 ' :
1 95 26 100 1000 10000 100000
Frequency (Hz)
Figure 4 — Reference servo for axial tracking
9.8.3 Reference Servo for Radial Tracking

The crossover
be given by €
multiplied by 3
0,022 pym.

Thus the crosg

frequency of the normalized servo transfer function (Hg) for radial tracking, fy = @ / (2
quation (3), where a,ax is the maximum expected radial acceleration of 1,1 m/s2, W
factor m = 1,5 for servo margin. The tracking error e, 5 caused by this mxayax, S

over frequency f; shall be given,by

1 |3xm

fo

1 3x15x14

X Omax _

=2,4kHz

|

For an open
schematically

2

Bandwidth frg

Z\/o,ozz %107

max

loop transfer funetion H of the Reference Servo for radial tracking, [1+H] is lim
thown by the.shaded region of Figure 5.

bm 100.Hz to 10 kHz

) shall
hich is
hall be

®)

ted as

| 1+H | shall bT viithin 20% of | 1+H | .

Bandwidth from 28,2 Hz to 100 Hz

| 1+H| shall be within the limits enclosed by the following four points.

1) 43,7 dB at 1

2)47,2dB at1

00 Hz (|1+Hg| at 100 Hz - 20% )

00 Hz (| 1+Hg| at 100 Hz + 20% )

3) 65,6 dB at 28,2 Hz (|1+H| at 28,2 Hz - 20% )

4) 85,6 dB at 28,2 Hz (| 1+Hg| at 28,2 Hz - 20% + 20 dB )

12
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Bandwidth from 9,5 Hz to 28,

2 Hz

| 14+H | shall be between 65,6 dB and 85,6 dB.

Gain (dB)

856 | .-

ISO/IEC 29642:2009(E)

80

65,6 |--ooooo--

47,2
43,7

20

-10

9,5 282 100 1600 10000

Figure 5 — Reference servo for radial tracking

10 Dimensional characteristics

Dimensional characteristics are specified for those parameters deemed mandatory for in
compatible use of the disk. Where there is freedom of design, only the functional charac
elements described are indicated) The enclosed drawing, Figure 6 shows the dimensional r
summarized form. The different.parts of the disk are described from the centre hole to the outsiq

10000¢

Frequency (HZ

e rim.
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< d >
< d »
< ds >
| ds >

@\\\ B - B\

iew B

L— 1S'transition area
—— 2"transition area
Clamping zone
3"transition area
Information Zone
Rim area

— ds >
_— d5
—d,
—d—>

P
RGN

% hs & hy  h, e,

View A - Transition areas and Clamping zone

View B - Rim area

Figure 6 — Physical disk dimensions

10.1 Reference Planes
The dimensions are referred to two Reference Planes P and Q.

Reference Plane P is the primary Reference Plane. It is the plane on which the bottom surface of the
Clamping Zone rests (see 10.5).

Reference Plane Q is the plane parallel to Reference Plane P at the height of the top surface of the Clamping
Zone (see Figure 6).
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10.2 Overall dimensions
The disk shall have an overall diameter (for 80 mm disk see Annex A)
d¢ =120,00 mm % 0,30 mm
The centre hole of a substrate or a dummy substrate shall have a diameter (see Figure 7).

+0,15mm
dsubstrate =19,00 mm
-0,00mm

The hgteofan assembled disK; 1.e. withr both parts bondead togetner, shall have a diameter

> = 15,00 mm min.

/jsubstrate -
il

d2 dsubstrate

A 4

A

Figure 7 — Hole diameters for an assembled disk

The cqrners of the centre hole shall be free of any burrs or sharp features and shall be founded off or
chamfgred by

5 = 0,1 mm max.
The thickness of the disk’shall be

+0,30 mm

e, =1,200mm
-0,06 mm

10.3 Firsttransitiomarea
In the area defined by d, and
d3 = 16,0 mm min.

the surface of the disk is permitted to be above Reference Plane P and/or below Reference Plane Q by
0,10 mm max.
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10.4 Second

This area shall

transition area

extend between diameter d3 and diameter

ds4 = 22,0 mm max.

In this area the disk may have an uneven surface or burrs up to 0,05 mm max. beyond Reference Planes P

and/or Q.

10.5 Clamping Zone

This Zone sha['extend between diameter d, and diameter

ds = 33,0 mm min.

Each side of the Clamping Zone shall be flat within 0,1 mm. The top side of the Clamping Zone, i.e.
Reference Plape Q shall be parallel to the bottom side, i.e. that of Reference Plane P within 0,1 mm.

In the Clamping Zone the thickness e, of the disk shall be

+0,20 mm

ey =1,20 mm

10.6 Third tr

This area shal

-0,1710 mm

ansition area

extend between diameter ds and diameter

dg = 44,0 mm max.

In this area thg

hy =02

top surface is permitted to be above,Reference Plane Q by

b MM max.

or below Referlence Plane Q by

hy, =0,1
The bottom su

hy = 0,1

D mm max.
rface is permitted to be above Reference Plane P by

D mm max:

or below Refer|ence Plane P by

hy = 0,25 mm max.

10.7 Information Zone

The Informatio

n Zone shall extend over both recording layers between diameter dg and diameter

d7 =117,5 mm min (for 80 mm disk see Annex A).

16

that of
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10.7.1 Sub-division of the Information Zone
The main parts of the Information Zone are (see Figure 8):

— one Lead-in Zone and one Lead-out Zone
— one Data Zone (the two parts of the Data Zone, extending over the two layers, are shown as the
maximum available zones for the storage of user data and shall be treated as one contiguous Data Zone)

— two Middle Zones
— two Outer Drive Areas.

The beginning of the Data Zone on Layer 0 and the default end of the Data Zone on Layer 1 shall be located
at diameter

— +0,00mm
s = 48,00 MM 0’40 mm -

which is the end of the Lead-in Zone on Layer 0 and the default beginning of the Lead-out'Zone|on Layer 1.

The Lgad-out Zone shall start immediately after the Data Zone on Layer 1 and end-at‘about thel same location
as the ptart of the Lead-in Zone (see also 16.1).

The end of the Data Zone on Layer 0 and the beginning of the Data Zene/on Layer 1 shal| be located at
diameter

g = 116,00 mm max,
which is the beginning/end of the Middle Zones (for 80 mm disk see‘Annex A).

The rafial misalignment (JAR|) between the outer edges of ,th€ Data Zones on Layer 0 and Layer 1 shall be
0,20 mm max.

R=22mm R=234mm R=24mm R =58 mm
norr|1ina| norr|1inal non?inal non?inal =
| | | |
' ' | AR _ ! Middle [Outer Drive
I Lead-Oll.lt Zone : Data Zone I~ Zone 1 Area 1
) : .
Layer 1 TR D i |
| Final Zone | I - |
| | | spiral direction |
Spacer | ! I | Middle |Outer Drive
| Lead-in Zone ' /\ Data Zone | Zone 0 | Area0
Layer AR / o\ =
Initial Zone 5
! ! ' spiral direction
Substraje

Optical ‘Entrance surface
beam

Figure 8 — Layout of the Information Zone
10.7.2 Track mode
+RW DL disks shall only use the so-called Opposite Track Path (OTP) mode. In this mode, tracks are read
starting on Layer O at the inner diameter of the Information Zone, continuing on Layer 1 from the outer

diameter towards the inner diameter. Thus, there is a Middle Zone at the outer diameter on both layers (see
Figure 8).

The spiral track is running from the inside to the outside on Layer 0 and in the reverse direction on Layer 1.
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10.8 Rim area

The rim area is that area extending from diameter d7 to diameter d. In this area the surfaces are permitted to
both extend beyond Reference Plane Q or Reference Plane P

hg = 0,1

mm max.

The outer corners of the disk shall be free of any burrs or sharp features and shall be rounded off or

chamfered by

h; =02

mm max.

10.9 Remarll on tolerances

All heights sp
means that, fo
there is no im

Where dimensg
values have to

11 Mechan

11.1 Mass

The mass of th

11.2 Moment of inertia

The moment g
Annex A).

11.3 Dynam

The dynamic ifnbalance of the disks.relative to its rotation axis, shall not exceed 2,5 g-mm (for 80 mm d

Annex A).

11.4 Axial ru

When measur

bcified in the preceding clauses and indicated by h; are independent from €ach othsg
[ example, if the top surface of the third transition area is below Reference Plane Q by u

r. This
b to h2,

lication that the bottom surface of this area has to be above Reference Plane P by up to hj.

ions have the same - generally maximum - numerical value, this doeS not imply that thg
be identical.

ical characteristics

e disk shall be in the range of 13,0 g to 20,0 g4for 80 mm disk see Annex A).

f inertia of the disk, relative to its rotation axis, shall not exceed 0,040 g-m? (for 80 mm d

c imbalance

nout

Reference vel

direction normflto'the Reference Planes shall not exceed 0,30 mm.

bd by the optical system with the Reference Servo for axial tracking, the disk rotating
city'of 3,83 m/s (see 9.5), the deviation of each recording layer from its nominal positio

actual

isk see

isk see

at the
hin the

11.4.1 Tracking requirements at the Reference velocity (CLV)

The residual tracking error below 10 kHz, measured on the blank disk using the Reference Servo for axial
tracking and the disk rotating at the Reference velocity, shall not exceed 0,13 um (displacement of the
objective lens needed to move the focal point of the optical beam onto the recording layer).

The measuring filter shall be a Butterworth LPF,

f. (-3 dB): 10 kHz, with slope : -80 dB/decade.

18
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11.5 Radial runout
The runout of the outer edge of the disk shall not exceed 0,30 mm peak-to-peak.

The radial runout of tracks shall not exceed 70 um peak-to-peak on each recording layer.

11.5.1 Tracking requirements at the Reference velocity (CLV)

The residual tracking error below 1,1 kHz (= fyx as defined in 9.8), measured on the blank disk using the
Reference Servo for radial tracking and the disk rotating at the Reference velocity of 3,83 m/s (see 9.5), shall
not exceed 0,015 pum.

The measuring filter shall be a Butterworth LPF,
- (-3dB) : 1,1 kHz, with slope : -80 dB/decade.

The rms noise value of the residual error signal in the frequency band from 1,1 kiizto 10 kHz, imeasured with
an intepgration time of 20 ms, using the Reference Servo for radial tracking, shall not exceed 0,0(16 um.

The measuring filter shall be a Butterworth BPF,

frequency range (-3 dB) : 1,1 kHz, with slope : +80 dB/decade
to : 10 kHz, with slope : -80 dB/decade.

12 Optical characteristics in the Information Zone

12.1 Index of refraction
The indlex of refraction IR of the substrate in the Information Zone shall be 1,55 + 0,10.

The index of refraction of the spacer shalbbe (IR + 0,10)

12.2 Thickness of the substrate

The thickness of the substrate or the thickness of the substrate + the spacer, from the entrancg surface to the
recording layer concerned,)varies with the index of refraction of the substrate/spacer and shall be defined as
the englosed region in kigure 9.

+15um

The thickness_of'the spacer shall be: 55pum ~10um

. Within each side of a disk, this thicknesg shall not vary

more than 10,um pp.
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N 145;0,645)

0,640+ (1,56; 0,632) (1,65; 0,632)

Thickness| Lver 1
(mm) _| . y

D A _

0,620 5

@®

o

)

n +

Q

(o]

0,600 Nominal thickness g

of Spacer (55 pum) S

7] S

?

- 2

0,580 N <

\ . E

I

35

£

X

©

=

Pl S \
m (1,45;0,575) . "~ ° -~ 1(1,65; 0,562)
0560 (1,56; 0,562)— Egyer 0
Minimum thickness of substrate|
A A
T T T T T T T
1,40 1,50 160 1,70

Index of refraction

Figure 9 — Thickness-of the substrate

12.3 Reflectjvity

The double-pass optical transmission of thé.linvolved layers and the reflectivity of the recording layer
concerned arel measured together as the reflectance R of that recording layer. When measured acconding to
Annex C the value of R shall be in the Information Zone

0.05<Hy4<0.10 in the.unrecorded groove on Layer 0 and Layer 1
(inJan area where both layers are unrecorded),

additionglly the following condition shall be met at each location on the disk (same radial and tangential

positionfon LO andL1): 0,80 < —90 Ralo 495
Ra,L1

CD
1
D

thao racaordad arcovae-on-laver O and l ovar 4
H-tRe-feeeraea groove-OmT—ayCroornttaycr—t

(in an area where both layers are recorded),

0.05 < Rogpr<

additionally the following condition shall be met at each location on the disk (same radial and tangential

R
position on LO and L1): 0,80 < —2HL0 <4 o5
R14H,L1

NOTE Because of the low reflectivity, some older devices might not be able to detect the presence of the disk
correctly and could accidentally hit the surface of the disk. An optional hard coat on the disk could prevent scratches
caused by such hits.
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12.4 Birefringence

The birefringence of the substrate and of the substrate + spacer shall not exceed 60 nm when measured

accordi

ng to Annex D.

12.5 Angular deviation

The angular deviation is the angle o between a parallel incident beam perpendicular to the Reference Plane P
and the reflected beam (see Figure 10). The incident beam shall have a diameter in the range 0,30 mm to
3,0 mm. This angle a includes deflection due to the entrance surface and to the unparallelism of the recording

layer w

ith the entrance surface.

The an

Substrate

Recording layer

Entrance-surface

“ N

Reflected beam

Incident beam

Figure 40 — Angular deviation a
gular deviation shall be

n radial direction: locl = 0,70° max .

The variation of a in radial direction over one revolution shall be 0,80° peak-to-peak max.

n tangential direction: |a| = 0,30° max.

13 D

The data‘réceived from the host, called Main Data, is formatted in a number of steps before bei

ta format

ng recorded on

the diske

It is transformed successively into

— a Data Frame,

— a Scrambled Frame,

— an

ECC Block,

— 16 Recording Frames,

© ISO/IEC 2009 — All rights reserved
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16 Physical Sectors,

a Recording Unit.

These steps are specified in the following clauses.

13.1 Data Frames

A Data Frame shall consist of 2 064 bytes arranged in an array of 12 rows each containing 172 bytes
(Figure 11). The first row shall start with three fields, called Identification Data (ID), ID Error Detection Code
(IED), and RSV bytes, followed by 160 Main Data bytes. The next 10 rows shall each contain 172 Main Data

bytes, and the-lastrow -shall contain-168 Main Data hyfnc followed hy four h\llfne for rnr‘nrriing an Error
Detection Code (EDC). The 2 048 Main Data bytes are identified as Dg to D5 g47.
172 bytes
4 2 6
bytes | bytes | bytyes
g ID IED RSV Main data 160 bytes (D¢ - D1s0)
Main data 172 bytes (D160 - D331)
Main data 172 bytes (D332 - D5d3)
Main data 172 bytes (Dsg4 - Dg75)
Main data 172 bytes (Dg7g - Dg47)
Main data 172 bytes (D848 - D1 019)
12 rows Main data 172 bytes(D1 g20 - D1 191)
Main data 172 bytes (D4 192 - D1 363)
Main data 172 bytes (D4 34 - D1 535)
Main data172 bytes (D1 536 - D1 707)
Maindata 172 bytes (D1 708 - D1 879)
Main data 168 bytes (D4 ggg - D2 947) EDC
4 bytes
Figure 11 — Data Frame
13.1.1 Identification Data«(ID)
This field shalll consist\of/four bytes, the bits of which are numbered consecutively from by (Isb) to bs4| (msb),
see Figure 12.
(msb) b, D2y Dos bo (Isb)
Sector Information ¢  Physical Sector Number ——— W
b3 b0 [oF b2s b2 b b2s D24
Sector format| Tracking Reflectivity | Reserved Zone Data Layer
type method type type number
Figure 12 — Identification Data (ID)
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The bits of the most significant byte, the Sector Information, shall be set as follows:

Bit by
Bit b
Bit byg

Bit bog

shall be set to ZERO, indicating a CLD format
shall be set to ONE, indicating groove tracking (see clause 14)
shall be set to ONE indicating that the reflectance is less than 40 %

shall be set to ZERO

Bits by7 to byg  shall be set to

Bit bys

Bit by

The le
The PH

13.1.2

When

ZERO ZERO in the Data Zone
ZERO ONE in the Lead-in Zone
ONE ZERO in the Lead-out Zone
ONE ONE in the Middle Zone

shall be set to ONE, indicating Rewritable data.

shall be set to ZERO on Layer 0
ONE on Layer 1

hst significant three bytes, bits by to by, shall specify thé_Physical Sector Number in 4
ysical Sector Number of the first Physical Sector of an"ECC Block shall be an integer mu

ID Error Detection Code (IED)

dentifying all bytes of the array shown in.Figtre 11 as C;;for i = 0 to 11 and j = 0 to 17

IED arg represented by Cg ; for j = 4 to 5. Theirsetting is obtained as follows.

where

a is thg

13.1.3

This fi

5 .
IED(x) = ZCOJXS’/ =1(x) X2 mod GE(x)
j=4

3 ;
I(x)= ZCOJX:S“/ and Gg(x)=(x+1)(x+ a)

j=0
primitive root.of'the primitive polynomial P(x) = x 8 + x4 + x3 + x2 + 1
RSV
eldshall consist of 6 bytes. The first byte may be set by the application. If not spg

applicd
(00).

fif'\n7 it is reserved and shall he set to (ﬂﬂ) The romaining 5 hyfne are reserved and sh

Under no circumstance may other data received from the host be recorded in this field.

Circumvention

13.1.4

Error Detection Code (EDC)

inary notation.
Itiple of 16.

1, the bytes of

ecified by the
Il all be set to

Recorders and recording drives shall be considered as circumvention devices when these are
produced to record, or can easily be modified to record, in any manner, a user-defined number in this field.

This 4-byte field shall contain the parities of an Error Detection Code computed over the preceding 2 060
bytes of the Data Frame. Considering the Data Frame as a single bit field starting with the most significant bit

© ISO/IEC 2009 — All rights reserved

23


https://iecnorm.com/api/?name=d398bc9e2efd2af9715d29cc1c64fe1d

ISO/IEC 29642:2009(E)

of the first byte of the ID field and ending with the least significant bit of the EDC field, then this msb will be
b6 511 and the Isb will be by. Each bit b; of the EDC is shown as follows for i = 0 to 31:

31 ,
EDC(x)= Y b; x' =I(x) mod G(x)
i=0
16511
where Ix)= Y b;x" and G(x)=x32+x31+x4+1
i=32
13.2 Scrambled Frames

The 2 048 Main Data bytes shall be scrambled by means of the circuit shown in Figure 13 which shall consist
of a feedback bit shift register in which bits r; (msb) to rq (Isb) represent a scrambling byte at each 8=bit|shift.

o)

i |

Fg | T3 (M2 M1 |T0| To [ Ta | 7| Te |5 [ Ta| T3 | T2 | Mo

A 4 A A 4 A 4 A 4 A A4 A 4
S, at each 8-bit shift

Figure 13 — Feedback shifteregister

At the beginning of the scrambling procedure of a Data Frame, positions ri4 to rg shall be pre-sef to the
value(s) specified in Table 1 (the msb of the pre-set valug.shall be discarded). The same pre-set valye shall
be used for 1§ consecutive Data Frames. After 16 groups of 16 Data Frames, the sequence is repeated. The
initial pre-set qumber is equal to the value represented by bits b; (msb) to b, (Isb) of the ID field of tHe Data

Frame. Table [1 specifies the initial pre-set value-of the shift register corresponding to the 16 initial [pre-set
numbers.

Table 1(—Initial values of the shift register

Initial pre-set%\| 1nitial pre-set Initial pre-set Initial pre-set
number value number value
(0) (0001) (8) (0010)
1) (5500) (9) (5000)
(2) (0002) (A) (0020)
(3) (2A00) (B) (2001)
4) (0004) (C) (0040)
(5) (5400) (D) (4002)
(6) (0008) (E) (0080)
(7) (2800) (F) (0005)

The part of the initial value of r; to ry is taken out as scrambling byte S . After that, an 8-bit shift is repeated
2 047 times and the following 2 047 bytes shall be taken from r; to ry as scrambling bytes Sq to S, g47. The
Main Data bytes D, of the Data Frame become scrambled bytes D, where

Dy=Dy@® Sy fork=0t02047 (& stands for Exclusive OR)
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13.3 ECC Blocks

An ECC Block is formed by arranging 16 consecutive Scrambled Frames in an array of 192 rows of 172 bytes
each (Figure 14). To each of the 172 columns 16 bytes of Parity of Outer Code are added, then, to each of the
resulting 208 rows, 10 bytes of Parity of Inner Code are added. Thus a complete ECC Block comprises 208
rows of 182 bytes each. The bytes of this array are identified as B;; as follows, where i is the row number and j
is the column number.

Bjjfori=0to 191 andj =0 to 171 are bytes from the Scrambled Frames

B;;for i=192to 207 and j = 0 to 171 are bytes of the Parity of Outer Code

B, for [=0to 207 and j = 172 to 181 are bytes of the Parity of Inner Code

PI
L 172 bytes >« 10 bytes— |
A
BO,O BO,1 BO,170 BOI171 BO,172 BO, 81
B1,0 B1,1 B1,170 B1,171 B1,172 B1, 81
Bz,o 82,1 B2,170 B2,171 Bz,172 Bz, 81
192 rows
B‘IBQO B1891 B189170 B189171 B189172 B1 9181
B‘IQQO B1901 B190170 B190171 B190172 B1 0,181
v B191,O B191,1 B191,170 B191,171 B191,172 B1 1,181
? B1920 B1921 B192170 B192171 B192172 B1 2181
PO 16 rows
¢ B207,0 B207,1 B207,170 B207,171 BZOZ172 B2 7,181

Figure 14 — ECC Block

The PO® and PI bytes:shall be obtained as follows.

In each of colutns j = 0 to 171, the 16 PO bytes are defined by the remainder polynomial Rj(x) to form the
outer code R$'(208,192,17).

207

Rj(x)= DB x*" =1;(x) x"® mod Gpo (x)
i=192
191 ) 15
where I(x)= Z B, x"”" and Gpo(x)=]](x+ o)
i=0 k=0

In each of rows j = 0 to 207, the 10 PI bytes are defined by the remainder polynomial R(x) to form the inner
code RS(182,172,11).

181

Ri(x)= Y.B;; x"®" =1;(x) x'® mod Gp(x)
j=172
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171 , 9
where i(x)=>B;i x""™ and  Gp(x)=[](x+0a)
j=0 k=0
a is the primitive root of the primitive polynomial P(x) = x8 + x4 + x3 + x 2 + 1

13.4 Recording Frames

Sixteen Recording Frames shall be obtained by interleaving one of the 16 PO rows at a time after every
12 rows of an ECC Block (Figure 15). This is achieved by re-locating the bytes B, ; of the ECC Block as B, ,
for

m=j+ipt[iI7T12Z] and n=j for 7 <191
m=13%(i-191)-1 andn=j fori> 192
where int [x] rgpresents the largest integer not greater than x.

Thus the 37 866 bytes of an ECC Block are re-arranged into 16 Recording Frames of 2 366 byted. Each
Recording Frame consists of an array of 13 rows of 182 bytes.

182 bytes >
T Boo |t rree e Boirt | Bowrad| - -+ Bo 161 T
13 = =~ Recording
rows Frame 0
S Byid | Bz | -+ - - Bi1.181
Brggg | mrrrrrr Bugz 171 |Broziza | - - - Bioz.181
T Biog | rrrrrrrrreeee el Bipi71 | Brogra | - - - - B1z 11 T
13 = Recording
rows Frame 1
Bygg | -rrrrrer et Bys171 | Bagza| - - - - - Bos 161
B193,0 ................... B193,171 B193’172 ..... B193,181
__— Recording
“ Frames 2 - 14
T B180,0 """""""""" B180,171 B180,172 """ B180,181 T
13 = = Recording
rows Frame 15
Brgro | rrrrrrrr e Bigr 171 |Bigtaz2| ++ + - Bio1.181
8207,0 ------------------- 8207’171 8207’172 ----- 8207,181

Figure 15 — Recording Frames obtained from an ECC Block
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The 8-bit bytes of each Recording Frame shall be transformed into 16-bit Code Words with the run length
limitation that between 2 ONEs there shall be at least 2 ZEROs and at most 10 ZEROs (RLL(2,10)). Annex H
specifies the conversion tables to be applied. The Main Conversion table and the Substitution table specify a
16-bit Code Word for each 256 8-bit bytes with one of 4 States. For each 8-bit byte, the tables indicate the
corresponding Code Word, as well as the State for the next 8-bit byte to be encoded.

The 16-bit Code Words shall be NRZI-converted into Channel bits before recording on the disk (see
Figure 16). The Channel clock period is the time between 2 consecutive Channel bits.

13.6 Physical Sectors

The stjucture of a Physical Sector is shown in-Figure 17. It shall consist of 13 rows, each comp
Frame$. A Sync Frame shall consist of a\SYNC Code from Table 2 and 1 456 Channel bit
91 8-bit bytes. Each row of the Physical(Sector shall consist of two Sync Frames with the first
bits representing the first 91 bytes «of each row of a Recording Frame and the second 1 45

NRZ converted signal: J

NRZI converted pulses:

16-bit Code Word pattern: 0‘1‘0‘0‘ 1‘0‘0‘0‘1‘0‘0‘0‘0‘ 1‘ 0‘

8-bit 16-bit . 16 channel bits
bytes Code Words NRZ EXC“ﬁxe'OR NRZI converted pylses
———» modulator > conversion > >
1T P
T = 1 channel clock period delay

—4

Figure 16 — NRZI conversion

represgnting the second 91 bytes-of-each row of a Recording Frame.

ising two Sync
s representing
1456 Channel
5 Channel bits

«— 32> 1456 «~ 32— 1456
SY0 SY5
SY1 SY5
SY2 SY5
SY3 SY5
SY4 SY5
SYA SY6

13 rows SY2 SY6
SY3 SY6
SY4 SY6
SY1 SY7
SY2 SY7
SY3 SY7
SY4 SY7

© ISO/IEC 2009 — All rights reserved
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Recording of the Physical Sector shall start with the first Sync Frame of the first row, followed by the second
Sync Frame of that row, and so on, row-by-row. The state of each SYNC Code and each subsequent set of

16 Channel bits shall follow the rules defined in 13.8.

Table 2 — SYNC Codes

State 1 and State 2 (next state is state 1)

Primary SYNC codes Secondary SYNC codes
(msb) (Isb)  (msb) (Isb)
SY0 = 0001001001000100 0000000000010001 / 0001001000000100 0000000000010001

SY1[= 0000010000000100 0000000000010001 / 0000010001000100 0000000000010001
SY2[= 0001000000000100 0000000000010001 / 0001000001000100 00000000000100064
SY3[= 0000100000000100 0000000000010001 / 0000100001000100 000000000001.0001
SY4[= 0010000000000100 0000000000010001 / 0010000001000100 0000000000010001
SY5f= 0010001001000100 0000000000010001 / 0010001000000100 000000Q0O0010001
SY6[= 0010010010000100 0000000000010001 / 0010000010000100 0000000000010001
SY7[= 0010010001000100 0000000000010001 / 0010010000000100 0000600000010001

—_

State 3 and State 4 (next state is state 1)

Primary SYNC codes Secondary SYNC codes
(msb) (Isb) (msb) (Isb)
SYOf= 1001001000000100 0000000000010001 / 1001005001000100 0000000000010001
SY1[= 1000010001000100 0000000000010001 / 1000010000000100 0000000000010001
SY2[= 1001000001000100 0000000000010001 / 1604000000000100 0000000000010001
SY3[= 1000001001000100 0000000000010001A4000001000000100 0000000000010001
SY4[= 1000100001000100 0000000000010Q01*/ 1000100000000100 0000000000010001
SY5f= 1000100100000100 000000000004@001 / 1000000100000100 0000000000010001
SY6{= 1001000010000100 0000000000010001 / 1000000001000100 0000000000010001
SY7[= 1000100010000100 0000000000010001 / 1000000010000100 0000000000010001

—_

13.7 Layout|of a Recording UNit:(RUN)

A RUN shall donsist of an integer’number (M > 1) of sets of 16 Physical Sectors, each from a sing
Block. The M| ECC Blocksshall be preceded by 8 Channel bits, which are meant to reduce p
influences of inaccuracies-of-the linking point, while the last 8 Channel bits of the last Physical Sector s
discarded at r¢cordingThe 8 linking Channel bits and the next SYNC Code SYO (chosen from State
State 3/4) shall be chasen randomly, such that the runlength constraints specified in 13.5 are fulfilled.

Each RUN of M*ECC Blocks (M > 1) starting with ECC Block N shall be recorded in the following way:

e ECC
ossible
hall be
1/2 or

8 Channelbits for inking in ECT BIOCK N-T,
full ECC Blocks Nto N + M — 2 (if M > 2),
ECC Block N + M — 1, except for the last 8 Channel bits, which bits shall not be recorded.

The positioning of a Recording Unit is shown in Figure 18.

When the RUN starting with ECC Block N is to be recorded, and ECC Block N-1 has not yet been recorded,
then the RUN shall be extended with a dummy ECC Block N-1 of which all Main Data bytes shall be set to

(00).
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middle of wobble 15

V
8T theoretical start position
| [, ¥5T max
linking M ECC Blocks
actual start position | i<t >
8 : Tast 8
T 1as
Channel ECC Block ECC Block 'Cha
. N N+M-1 |
bits X
02
B to be recorded | to be
discarded
at recorgling
N\
ECC Block ECC Block ECC Block ECC Block
N-1 N N+M-1 N+M
NN

previous recording (if existent) is overwritten

Figure18 — Recording Unit

13.7.1|Recording Unit position
Each HCC Block, consisting of 16 Physical Sectors, shall correspond to 4 ADIP words (see 14.4.1.1).

RUNSs ghall be mapped onto, the structure of tracks (see 14.4), such that the Physical Sector Numbers (PSN),
of whigh the 2 least significant bits have been discarded, correspond to the local Physical Address in ADIP
(PAA).|In mathematicalform: PSN = 4xPAA + i, where i = 0, 1, 2, or 3 (for example: Physical Sector Numbers
(030000) to (030003).correspond to Physical ADIP Address (00C000)).

The reference forthe theoretical start positions is wobble 15 following the ADIP word sync unit of the ADIP
words pf which.the 2 least significant address bits are 00 (see 14.4.1.1 and Figure 22). The theoretical start
position is. 8 Channel bits after the nominal position of the zero crossing in the middle of the abpve mentioned
wobblg 15(ef the wobble signal from Read channel 2.

The start of each recording shall be within £ 5 Channel bits of the theoretical start position.
During writing the Channel bit clock shall be phase locked to the wobble frequency.

13.8 d.c. component suppression control

To ensure a reliable radial tracking and a reliable detection of the HF signals, the low frequency content of the
stream of Channel bit patterns should be kept as low as possible. In order to achieve this, the Digital Sum
Value (DSV, see 4.3) shall be kept as close to zero as possible. At the beginning of the modulation, the DSV
shall be set to 0.
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The different ways of diminishing the current value of the DSV are as follows:

a)

b)
States.

c)

Choice of SYNC Codes between Primary or Secondary SYNC Codes.

For the 8-bit bytes in the range 0 to 87, the Substitution table offers an alternative 16-bit Code Word for all

For the 8-bit bytes in the range 88 to 255, when the prescribed State is 1 or 4, then the 16-bit Code Word

can be chosen either from State 1 or from State 4, so as to ensure that the RLL requirement is met.

In order to use these possibilities, two data streams, Stream 1 and Stream 2, are generated. Stream 1 shall
start with the Primary SYNC Code and Stream 2 with the Secondary SYNC Code of the same category of

SYNC Codes.
difference bety

In the cases

computed up

lowest |DSV|
bit byte is entq
C) occurs.

Whilst case b

streams and n
2 or 3 instead

1)

2)

Compare {

If the | DS
stream in
representa

If the |DS
C) is ignore

3)

In both cases

As both streams are modulated Individually, they generate a different DSV because]
een the bit patterns of the Primary and Secondary SYNC Codes.

b) and c), there are two possibilities to represent a 8-bit byte. The DSV of\each str
o the 8-bit byte preceding the 8-bit byte for which there is this choice. The«stream v
is selected and duplicated to the other stream. Then, one of the represeftations of the
red into Stream 1 and the other into Stream 2. This operation is repeated-each time cas

always occurs at the same pattern position in both streams,.case ¢) may occur in ong
bt in the other because, for instance, the next State prescribed by the previous 8-bit byte
Df 1 or 4. In that case the following 3-step procedure shall be.applied:

he | DSV | s of both streams.

V| of the stream in which case c) occurs is¢smaller than that of the other stream, th
which case c¢) has occurred is chosen and" duplicated to the other stream. One
tions of the next 8-bit byte is entered into this stream and the other into the other stream

/| of the stream in which case c¢) hasloccurred is larger than that of the other stream, the
d and the 8-bit byte is represented according to the prescribed State.

b) and c¢), if the |DSV | s-are equal, the decision to choose Stream 1 or Strea

implementation-defined.

The procedure

1) At the end
DSVs of b
other streg
are inserte

for case a) shall be«as*follows:

of each Sync_Frame, whether or not case b) and or case c) have occurred, the accur
pth streams.are’ compared. The stream with the lower |DSV/| is selected and duplicateq

d each in-one of the streams.

Optionally the

of the

eam is
ith the
next 8-
e b)or

of the

can be

en the

of the

n case

m 2 is

hulated
| to the

m. Then-the hext Primary SYNC Code and the Secondary SYNC Code of the proper category

broCedure for case a) can be extended in the following way:

2)

If the DSV at the end of the resulting Sync Frame is greater than + 63 or smaller than -64, then the SYNC

Code at the beginning of the Sync Frame is changed from Primary to Secondary or vice versa. If this
yields a smaller DSV, the change is permanent, if the |DSV| is not smaller, the original SYNC Code is

retained.

During the DSV computation, the actual values of the DSV may vary between -1 000 and +1 000, thus it is

recommended

30

that the count range for the DSV be at least from -1 024 to +1 023.
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14 Track format

14.1 Track shape

The area in the Information Zone (see 10.7) shall contain tracks formed from a single spiral groove. Each
track shall form a 360° turn of a continuous spiral. The shape of each track is determined by the requirements

in Clau

ses 25 and following. Recordings shall be made on the groove.

The tracks in the Information Zone contain a phase modulated sinusoidal deviation from the nominal
centrelines, called wobble, which contains addressing information.

The tra

cke chall ha continiialic 1 tha Infarmaatinn 7Aann
CIto-oTram oSOt o oT o T trC T o oo 0rceT

The gr
and en

14.2 1

On Lay
outsidg

On Lay
inside

14.3 T

The trg
in the

pbove tracks shall start at a radius of 22,00 mm max.

(end of the Middle Zone) when the disk rotates counter-clockwise as'viewed from the of

er 1 the track path shall be a continuous spiral from the outside (beginning of the Midd
end of the Lead-out Zone) when the disk rotates counter-clockwise as viewed from the o

rack pitch

ck pitch is the distance measured between the average track centrelines of adjacent tra
radial direction. The track pitch shall be 0,74oum * 0,03 um. The track pitch aver

Information Zone shall be 0,74 um + 0,01 um.

14.4 1

The w|
4,691 1
oscillaf]

The w
modulg

14.4.1

The d4
Theref
modulg

rack layout

bbble of the tracks is a sinusoidal deviation from the nominal centrelines, with a
P um + 0,045 0 um (equivalent-to 32 Channel bits). The Total Harmonic Distortion
por for generating the wobble'sine wave shall be < -40 dB.

pbble is phase modulated by inverting wobble cycles. The information contained
tion is called Address-in-Pregroove or ADIP (see 14.4.1.1).

ADIP information

ta to be’recorded onto the disk must be aligned with the ADIP information modulated
bre 93 wobbles shall correspond to 2 Sync Frames. Of each 93 wobbles, 8 wobb
ted’'with ADIP information (see Figure 19).

d at a radius of 58,75 mm min (for 80 mm disk see Annex A).
rack path
er 0 the track path shall be a continuous spiral from the inside (beginning of the Lead-

n Zone) to the
tical head.

e Zone) to the
ptical head.

cks, measured
aged over the

wavelength of
(THD) of the

n the wobble

in the wobble.
es are phase

1 wobble equals 32 Channel bits (= 32T)
one ADIP unit = 8 modulated wobbles per 2 Sync Frames
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14.4.1.1 ADIP word structure

52 ADIP units
This means th

Each ADIP wofd shall consist of: 1 ADIP sync unit + 51 ADIP data units (see.Figure 20).

ADIP sync uni

2 Sync Frames
«———1 488 Channel bits 1 488 Channel bits ———
Sync data Sync data
<—— 16 wobbles ——— <«—— 16 wobbles ———
one ADIP unit
< 8 wobbles — 85 monotone wobbles >
93 wobbles

Figure 19 — General ADIP structure

Bre grouped into one ADIP word each.
ht one ADIP word corresponds to 4 x 13 x 2 Sync Frames = 4 Physieal Sectors.

= 4 inverted wobbles for word sync + 4 monotone wobbles:

ADIP data uniff= 1 inverted wobble for bit sync + 3 monotone wobbles# 4 wobbles representing one ddta bit.

(see 14.4.1.3)

ADIP

words

wobble 0 | wobble #to 3 | wobble 4 to 7
) sync unit word sync 0 0
data unit bit sync data bit 1
ADIP data unit bit sync data bit 2 4 Physical

word : . : : Sectors 1
: : ECC
4 data unit bit sync data bit 51 2 Block

\

The informatio
bit 1:

bits 2 to 23:

32

Figure 20 — ADIP word structure

n contained in the data bits is as follows:
this bit is reserved and shall be set to ZERO.
these 22 bits contain a Physical ADIP Address.

Data bit 2 is the msb and data bit 23 is the Isb. The addresses increase by one for each next
ADIP word. On layer 1 the Physical ADIP Addresses shall have the bit inverted values of the
Physical ADIP Addresses at the same radial position on Layer 0.

NOTE In the following hexadecimal notations of addresses the two msb’s shall be ignored.
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The addresses in the Information Zone on Layer O shall be such that Physical ADIP Address
(00C000), which is the first address corresponding to the Data Zone, is located at

radius 24,00°390 mm . Physical ADIP Address (08BSFF), which

corresponding to the Data Zone on Layer 0, shall be located at a radius 58,00 mm max (for 80
mm disk see Annex A).

is the last address

The addresses in the Information Zone on Layer 1 shall be such that Physical ADIP Address
(FF3FFF), which is the last address corresponding to the Data Zone, is located at

radius 24,00°390 mm . Physical ADIP Address (F74A00),
corresponding to the Data Zone on Layer 1, shall be located at a radius 58,00 mm max (for 80

which is the first address

bits 24 to 31:

bits 34 to 51:

14.4.12 ADIP error correction

For the

ADIP

mm-dicsk saa Annex A)
these 8 bits contain auxiliary information about the disk.

Bit 24 to 31 from 256 consecutive ADIP words, shall form one ADIP Aux Frame|with 256 bytes
of information. The first byte of each ADIP Aux Frame shall be located in an AQIP word with a
Physical ADIP Address that is a multiple of 256 (Physical ADIP Address = (xxxx(0)).

In the Lead-in/Lead-out Zone and the Inner Drive Areas of\the disk the auxiliary] bytes shall be
used for storing Physical format information. The contents of the 256 bytes arg defined in the
Table 3 and 14.4.2.

In the Data Zone of the disk the auxiliary bytes’may be used for storing Extended format
information as defined in Annex B. If not used-fér such purpose all bytes shall be set to (00).

In the Middle Zones / Outer Drive Areas of .the disk the auxiliary bytes shall be sg¢t to (00).

these 20 bits contain error correction parities for the ADIP information (see 14|4.1.2).

error correctioni(Cthe ADIP data bits are grouped into 4-bit nibbles.

The mapping of the data bits into thelnibble array is defined in Figure 21. Bit 0 is a dummy bit,|which shall be

considéred as set to ZERO for the.error corrector.

nibble Ng bit 0 bit 1 bit 2 bit 3 0
nibble N4 bit 4 bit 5 6 ADIP
nibbles addfess
bit 20 bit 23 A
bit 24 T2 AUX
nibble N7 bit 28 bit 31 4 nibbles data
nibble Ng bit 32 0 nibble
5 based
nibbles R-S
nibble N12 bit 48 bit 49 bit 50 bit 51 \2 ECC

Figure 21 — ADIP error correction structure

© ISO/IEC 2009 — All rights reserved

33


https://iecnorm.com/api/?name=d398bc9e2efd2af9715d29cc1c64fe1d

ISO/IEC 29642:2009(E)

A nibble-based RS (13,8,6) code is constructed, of which the 5 parity nibbles Ng to N4,, are defined by the
remainder polynomial R(x):

12 ,
R(x)= Y N; X127 = 1(x) x® mod Gpp (x)
i=8

7 ) 4
where Ix)= > N;x"" and  Gpa(x)=[](x+a¥)
i=0 k=0
a is the primitive root 0010 of the primitive polynomial P(x) = x4 + x + 1

All bits of the § parity nibbles Ng to N4, shall be inverted before recording.

14.4.1.3 ADIP modulation rules
The ADIP unit$ are modulated by inverting some of the 8 wobble cycles:
— PW is a pesitive wobble, which shall start moving towards the inside of the disk.

— NW is a negative wobble, which shall start moving towards the outside of thé disk.
— all monotgne wobbles shall be PWs.
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Modulation of the ADIP word sync:

ADIP sync unit

ISO/IEC 29642:2009(E)

wobble | wobble
92 0 1 2 3 8
4 NW 4 PW
Modulation of an ADIP ZERO bit:
ADIP data unit with data set to ZERO
wobble | wobble
92 0 1 2 3 4 6 7 8
1 NW 3 PW 2 PW 2 NW
Modulation of an ADIP ONE bit:
ADIP data unit with data set to ONE
wobble | wobble
92 0 1 2 3 4 6 7 8
1 NW 3 PW 2 NW 2 PW
Figure-22—ADBIR-medulationrules

14.4.2 Physical format information in ADIP

This information shall comprise the 256 bytes shown in Table 3. It contains disk information and values for the
write strategy parameters to be used with the Optimum Power Control (OPC) algorithm to determine optimum
laser power levels for writing (see Annex G and Annex |). The information is copied to the Control Data Zone

(see 17.10.1) during initialization of the disk.

Because the recording characteristics of the two layers can be different, each layer shall be characterized by
its own Physical format information. Therefore the ADIP Aux Frames on Layer 0, located in the Lead-in Zone,
shall contain the Physical format information for Layer 0 and the ADIP Aux Frames on Layer 1, located in the
Lead—out Zone, shall contain the Physical format information for Layer 1.

© ISO/IEC 2009 — All rights reserved
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Bytes 0 to 30 in both ADIP Aux Frames are common and therefore shall be the same on both layers, except

byte 18 which indicates the possible presence of Extended Information blocks.

Bytes 32 to 63 shall hold the parameter values for the N-1 write strategy as defined in Annex G.1, unless this
write strategy is not applicable. In the latter case all bytes 32 to 63 shall be set to (00), whereby byte 31 shall

be set to (20).

For this version of this document the N-1 write strategy shall be applied to Layer 0 at the primary recording

speed which shall be 2,4 times the basic DL DVD speed (2,4x3,83 m/s).

The N-1 write strategy is not applicable to Layer 1.

Alternative wrie strategies for a layer can be defined in one of the Extended Information blocks coptdined in
the Physical fgrmat information on that specific layer.
For this versioh of this document the N/2 write strategy as defined in Annex G.2 shall be applied 10 Laygr 1.
Table 3 — Physical format information
Byte Content Number
number of bytgs
0 Disk Category and Version Number 1
1 Disk size 1
2 Disk structure 1
3 Recording density, 1
41015 Data Zone allocation 12
16 General Flagbits 1
17 Disk Application Code 1
18 Extended {aformation Indicators 1
19 to 26 Disk Manufacturer ID 8
27 to 29 Media Type ID 3
30 Product revision number 1
31 number of Physical format information bytes in use in ADIP up to byte 63 1
32 Primary recording velocity for the basic write strategy 1
33 Maximum read power at Primary velocity 1
34 P\np at Primary velocity 1
35 p at Primary velocity 1
36 €4 at Primary velocity 1
37 € at Primary velocity 1
38 Vtarget @t Primary velocity 1
39 B optimum at Primary velocity 1
40 Reserved - (00) 1
41 Reserved - (00) 1
42 Tiop first pulse duration 1
43 Tmp Multi pulse duration 1
44 dTyop first pulse lead/lag time for any runlength > 4T 1
45 dTiop,3 first pulse lead/lag time for runlengths = 3T 1

36
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Table 3 — Physical format information (continued)

Byte Content Number
number of bytes
46 dT), last pulse lead/lag time for any runlength > 5T 1
47 dTyp,3 last pulse lead/lag time for runlengths = 3T 1
48 dTyp 4 last pulse lead/lag time for runlengths = 4T 1
49 dTg4 erase lead/lag time when preceding mark length > 5T 1
50 dTera 3 €rase lead/lag time when preceding mark length = 3T 1
ol al era,4 erase lead/lag lme wnern preceding mark iengtn = 41 1
%2 to 63 Reserved - All (00) 12
%4 to 95 Extended Information block 0 32
96 to 127 Extended Information block 1 32
128 to 159 Extended Information block 2 32
160 to 191 Extended Information block 3 32
192 to 223 Extended Information block 4 32
224 to 255 Extended Information block™5 32

This vérsion of this document specifies one type of disk, with’ one primary recording velocity] The following
type ofl disk (characterized by the so-called X-speed) has now been defined and its ADIP shall| contain the EI
Blocks|as indicated in Table 4.

Table 4 —<Types of disks

basic write strategy. 2,4x write strategy remarks
type of disk bytes 32 to 63 El block Format 3
) . this disk shall be stited for
“2,4x” on Laygro: + on Layer 0: recording speeds qgf
on-Layer 1: — on Layer 1: + 9.20 m/s
+ shall be present — shall not be used

14.4.21 Generalinformation — Bytes 0 to 31
Byte 0|- Disk Category and Version Number

Bits b;|to\b,  shall specify the Disk Category,
—__bithy shaffbe setto T indicating a disk-according to the TRFRW Format (See clause 3),

bit bg shall be set to 1 indicating a dual layer disk,
bits bs and b, shall be set to 01 indicating a +RW disk.

Bits by to by shall specify the Version Number,
they shall be set to 0001 indicating this International Standard.
This Version Number identifies amongst others the definitions of the data in bytes 32 to 63.
Drives not acquainted with the specific Version Number of a disk should not try to record on
that disk using the information in bytes 32 to 63, which bytes contain the basic write strategy
parameters (see Annex P).

NOTE Version number 0000 can be used for identification of test disks. Such test disks might not contain the correct
Physical format information in their ADIP Aux Frames.
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Byte 1 - Disk size and maximum transfer rate

Bits b7 to b4

Bits b3 to bo

shall specify the disk size,
they shall be set to 0000, indicating a 120 mm disk (for 80 mm disk see Annex A)

shall specify the maximum read transfer rate,
they shall be set to 1111 indicating no maximum read transfer rate is specified

Byte 2 - Disk structure

Bit by
Bits bg to bs
Bit bg

Bits b3 to bo

Byte 3 - Reco

Bits b7 to b4

Bits b3 to bO

Bytes 4 to 15
Byte 4

Bytes 5to 7
Byte 8

Bytes 9 to 11

Byte 12
Bytes 13 to 15

Byte 16 - Gen
Bit b,

Bit b

Bit b

Bits b4 to bO

38

shall be setto 0

shall be set to 01, indicating two recording layers per side
shall be set to 1, indicating OTP mode

shall specify the type of the recording layer(s):
they shall be set to 0100, indicating a rewritable recording layer.

rding density

shall specify the average Channel bit length in the Information-Zone,
they shall be set to 0001, indicating 0,147 um

shall specify the average track pitch,
they shall be set to 0000, indicating an average track pitch of 0,74 um

- Data Zone allocation

shall be set to (00).

4

shall be set to (030000) to specify PSN 196 608 of the first Physical Sector of the Data Zone
shall be set to (00).

shall be set to (FCFFFF) to'specify PSN 16 580 607 as the last possible Physical Secto
Data Zone.

of the

shall be set to (00).

shall be set40,(22D7FF) to specify PSN 2 283 519 as the last possible Physical Sector ¢
Data Zonéeon Layer 0 (for 80 mm disk see Annex A).

f the

pral Flag bits

shallbe-set-toZERO

shall specify if the disk contains Extended format information in the ADIP Aux Frames in the
Data Zone related to the VCPS copy protection system,
shall be set to 0, indicating no Extended format information for VCPS is present,

shall be set to 1, indicating the Data Zone contains Extended format information for VCPS

as defined in Annex B and the VCPS System Description (see Annex O).
is reserved for use in the Control Data Zone and shall be set to ZERO

are reserved and shall be set to 0 0000
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Byte 17 - Disk Application Code

This byte can identify disks that are restricted to be used for special applications only. Drives not able to
identify the particular application related to a specific Disk Application Code or not able to act according to the
rules as defined for this particular application are not allowed to write on a disk with such a code.

(00) identifies a disk for General Purpose use

(no restrictions, all drives are allowed to write on a disk carrying this code),

all other codes are reserved.

Byte 18 - Extended Information indicators

Bits b7

Bits bs

Bytes

These
the GO

If the O
Bytes
Disk m
type o
Trailing

If the M

NOTE

differen
be appr
Byte 3

This b

tobg are reserved and shall be set to 00

toby each of these bits shall indicate the presence of an Extended Information block.
Bit b; shall be set to 1 if Extended Information block i, consisting of bytes-(64 + i
(95 +ix32), is in use. Else bit b; shall be set to 0.

19 to 26 - Disk Manufacturer ID

8 bytes shall identify the manufacturer of the disk. This name shall be represented by o
set + SPACE according to ISO/IEC 4873. Trailing bytes not uséd shall be set to (00).

isk Manufacturer ID is not used these 8 bytes shall be set to (00)
R7 to 29 - Media Type ID

anufacturers can have different types of media, which shall be specified by these 3 byte
disk is denoted in this field by charactersfrom the GO set + SPACE according to
bytes not used shall be set to (00).

edia Type ID is not used these 3 bytes shall be set to (00)

If bytes 19 to 29 are used\for disk identification, disks with different characteristics shall
and unique combinations of ‘Disk Manufacturer ID / Media Type ID. Therefore the content of byt
oved by the licensors of the'+RW system.

D - Product revision:humber

yte shall identify” the product revision number in binary notation. All disks with

Manuf:

cturer ID and:the same Media Type ID, regardless of Product revision numbers, must

32) to

haracters from

s. The specific
SO/IEC 4873.

be identified by
bs 19 to 29 shall

ne same Disk
have the same

recording properties (only minor differences are allowed: Product revision numbers shall bg irrelevant for

recorders). Thescontent of this byte can be chosen freely by the disk manufacturer.

If not used.this byte shall be set to (00)

Byte 3

1 - number of Physical format information bytes in use in ADIP up to byte 63

This byte forms one 8-bit binary number indicating the number of bytes actually in use for the basic Physical
format information (in bytes 0 to 63). On Layer 0 it shall be set to (34) indicating that only the first 52 bytes of
the Physical format information are used. On Layer 1 it shall set to (20) indicating that only the first 32 bytes of
the Physical format information are used.
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14.4.2.2 Basic write strategy parameters — Bytes 32 to 63

On Layer 1 all bytes 32 to 63 shall be set to (00), indicating that the basic write strategy is not defined for
Layer 1. On Layer 0 bytes 32 to 63 shall have the following meaning:

Byte 32 - Primary recording velocity for the basic write strategy

This byte indicates the recording velocity of the disk for the parameters as defined in bytes 34 to 63 in this
Physical format information. This recording velocity is equal to about 2,4 times the Reference velocity and
shall be specified as a number n such that

n =4 x Vprimary (N rounded off to an integral value)

It shall be
set to (2

Byte 33 - Max

This byte shall
such that

n =20 x

NOTE At r

b) indicating a Primary writing speed of about 9,25 m/s.
mum read power, P, at Primary velocity

specify the maximum nominal read power P, in milliwatts at the Primary velocity as a nu

V .
and n>10x /M
Vreference

bading speeds lower than the Primary velocity of 2,4x,{such as e.g. at 1x Reference velocity, t

(P, 0.7)

mber n

he read

power shall be feduced to prevent degradation of the recordings on the, disk. A safe value for the nominal read power is

P.=0,7+0,54

Byte 34 - PlND
PinD is the sta

This byte shal
such that

\"
’Lual (see also 29.3).
Vreference

at Primary velocity
ting value for the determination of Py,get Used in the OPC algorithm, see Annex |.

specify the indicative valueé P\p of Piaget in milliwatts at the Primary velocity as a nu

n=4><(|P|ND-1O)

Byte 35 - p at

This byte sha

Primary.velocity

| specify the Write power multiplication factor p at the Primary velocity used in th

algorithm (see

mber n

e OPC

Annex ) as a number n such that

n=100

xp

Byte 36 - ¢4 at Primary velocity

This byte shall specify the Erase/Write power ratio €4 at the Primary velocity used in the OPC algorithm (see
Annex I) as a number n such that

n=200

40

><81
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Byte 37 - ¢, at Primary velocity

This byte shall specify the Cooling/Write power ratio ¢, at the Primary velocity used in the OPC algorithm (see
Annex |) as a number n such that

n=1000 x &
Byte 38 - ytarget at Primary velocity

This byte shall specify the target value for y, yiarget @t the Primary velocity used in the OPC algorithm (see
Annex I) as a number n such that

=20 x Ttarget
Byte 3P - Boptimum at Primary velocity

This byte shall specify the value of B as determined from recordings made atjthe Primary velocity with the
optimum recording powers as described in Annex |.3, as a number n such that

1= 100 x (Boptimum * 1)

Byte 4D - Reserved - (00)

This byte is reserved and shall be set to (00).
Byte 4/1 - Reserved - (00)

This byte is reserved and shall be set to (00).
Byte 4R - Tyop first pulse duration

This byte shall specify the duration of<the first pulse of the multi pulse train (see Annex G.1). The value is
expresped in fractions of the channel\bit clock period as a number n such that

7:16><Tt°%w and 3<n<15

Byte 4B - Tmp multi pulse duration

This byte shall specify the duration of the second and next pulses of the multi pulse train (sge Annex G.1).
The value is expressed in fractions of the channel bit clock period as a number n such that

pu | o 4.9
ariu I ST =T

Byte 44 - dTy,, first pulse lead/lag time for any runlength > 4T

When the current mark is a 4T or longer mark, this byte shall specify the lead or lag time of the first pulse of
the multi pulse train relative to the trailing edge of the first Channel bit of the data pulse (see Annex G.1). The
value is expressed in fractions of the Channel bit clock period as a two’s compliment binary number n such
that

n=16 x thO%W and -8<n<15

(positive numbers indicate a lead time, negative numbers indicate a lag time)
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Byte 45 - dTy,, 3 first pulse lead/lag time for runlengths = 3T

When the current mark is a 3T mark, this byte shall specify the lead or lag time of the first pulse of the multi
pulse train relative to the trailing edge of the first Channel bit of the data pulse (see Annex G.1). The value is
expressed in fractions of the Channel bit clock period as a two’s compliment binary number n such that

n=16 x

and -8<n<15

thop,B
Tw

(positive numbers indicate a lead time, negative numbers indicate a lag time)

Byte 46 - dT),

When the curr]
the multi pulse
value is expre
that

n=16 x

(positive
Byte 47 - dTlp
When the curr

pulse train relg
expressed in fi

n=16 x

(positive
Byte 48 - dT),

When the curr
pulse train relg
expressed in f

n=16 x

= JT

tastptiseleadHag-time-foranyruniength>5F
Ilul.

ent mark is a 5T or longer mark, this byte shall specify the lead or lag time of thellast p
train relative to the leading edge of the last Channel bit of the data pulse (see Annex G.
5sed in fractions of the Channel bit clock period as a two’s compliment binary ‘number

d'|'|p
Tw

numbers indicate a lead time, negative numbers indicate g lag-time)

and -8<n<7

3 last pulse lead/lag time for runlengths = 3T

ent mark is a 3T mark, this byte shall specify the\lead or lag time of the last pulse of th
tive to the leading edge of the last Channel bit.of the data pulse (see Annex G.1). The
actions of the Channel bit clock period as a two’s compliment binary number n such that

dTlp,3
Tw

numbers indicate a lead time,negative numbers indicate a lag time)

and -8<n<7

4 last pulse lead/lag time for runlengths = 4T

ent mark is a 4T mark, this byte shall specify the lead or lag time of the last pulse of th
tive to the leadifigyedge of the last Channel bit of the data pulse (see Annex G.1). The
actions of the €hannel bit clock period as a two’s compliment binary number n such that

dTlp,4
Tw

and -8<n<7

ulse of
1). The
n such

e multi
alue is

e multi
alue is

(positiv

PR TN SO -9~ H $ 1 Atioa. PGSR SOOI -9~ H $ lac-tinaa)
T ToCTSTTIOTCatCa 1TCadu tTIe] aATVCTTOTmToCT S TTUToatS—aT1ay urTey)

ey

Byte 49 - dT,,, erase lead/lag time when preceding mark length > 5T

This byte shall specify the lead or lag time of the erase pulse relative to the trailing edge of the data pulse (see
Annex G.1), when the preceding runlength is a 5T or longer mark. The value is expressed in fractions of the
Channel bit clock period as a two’s compliment binary number n such that

n=16 x

and -8<n<15

dTera/
Tw

(positive numbers indicate a lead time, negative numbers indicate a lag time)
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Byte 50 - dT,,, ; erase lead/lag time when preceding mark length = 3T
This byte shall specify the lead or lag time of the erase pulse relative to the trailing edge of the data pulse (see

Annex G.1), when the preceding runlength is a 3T mark. The value is expressed in fractions of the Channel bit
clock period as a two’s compliment binary number n such that

n=16 x dTera%W and -8<n<15

(positive numbers indicate a lead time, negative numbers indicate a lag time)

Byte S—e¥Fsmgerase-leadfiag-time-when-preeeding-marklength=4F————
This byte shall specify the lead or lag time of the erase pulse relative to the trailing edge,of the data pulse (see

Annex|G.1), when the preceding runlength is a 4T mark. The value is expressed in fractions of {he Channel bit
clock period as a two’s compliment binary number n such that

=16 x dTefa%W and -8<n<15

(positive numbers indicate a lead time, negative numbers indicate a lag time)
Bytes p2 to 63 - Reserved - All (00)

These pytes are reserved and shall all be set to (00).

14.4.23 Extended Information blocks - Bytes (64*.ix32) to (95 + ix32)
(withli =0 to 5)

Extended Information (El) blocks are meant-to facilitate future extensions. Each such block [consists of 32

bytes. |These bytes can hold for instance parameters for alternative write strategies or other advanced

paraméters. If a set of parameters. does not fit in one Extended Information block, additional continuation

blocks|can be added, which additienal blocks are identified by a Continuation bit.

The presence of an Extended .Information block shall be indicated by the appropriate bit in|byte 18. If an
Extended Information block:is 'not used, all 32 bytes shall be set to (00).

Byte (64 +ix32) Extended Information block i Format number / Continuation bit

Bits bg to bg indicate the Format number which identifies the definitions of thie data in bytes
(65 +ix32) to (95 + ix32).

| ~"  Ifbitbzis set to ONE, the related Extended Information block is not an indeépendent block
but a continuation of the preceding Extended Information block. The Format number in a
continuation block shall be the same as the Format number in the preceding Extended
Information block.

A disk can have several Extended Information blocks. The contents of blocks with different
Format numbers have to be interpreted each according to their respective definitions. The
contents of blocks with the same Format number are interpreted in the same way; the
parameters specified in these blocks however can have different values.

Drives not acquainted with the specific Format number in block i, should not use the
parameters in this Extended Information block (see Annex P).
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NOTE The contents of an El block are identified by the Format number of the block only. The position of the EI block
in the ADIP Aux Frame is irrelevant for this, so an El block with Format number n could be allocated at any position i.
Therefore drives should always check the Format numbers in the El blocks to be sure that the write strategies are
correctly interpreted.

Bytes (65 + ix32) to (95 + ix32)
Each parameter set defined for these bytes shall be identified by a unique Format number.

14.4.2.3.1 Extended information for the 2,4x N/2 write strategy

This Extended Information block specifies the parameters for a so-called N/2 or 2T write strategy as defined in
Annex G.2. The parameter set defined in this Extended Information block shall be applied at a recording
speed equivalgnt to 2,4 times the basic DL DVD speed (2,4x3,83 m/s).

If a layer can pot be recorded under these “2,4x N/2” conditions, this El block shall not be used(all bytes set
to (00) and related Extended Information indicator bits set to ZERO).

On Layer 0 thig EI block shall not be used.
Byte 18 - Extgnded Information indicators

This byte shalllbe set to xxxx xxx1 indicating Extended Information block 0 is.in_use.
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Table 5 — Extended Information block 0

Byte Content Number of
number bytes
64 Continuation bit / Format number 1
65 Reserved - set to (00) 1
66 Reserved - set to (00) 1
67 Primary recording velocity for the parameter set in this El block 1
68 Reserved - (00) 1
69 Reserved - (00) 1
70 Maximum read power at Primary velocity 1
71 P\np at Primary velocity 1
72 p at Primary velocity 1
73 ¢ at Primary velocity 1
74 € at Primary velocity 1
75 Vtarget @t Primary velocity 1
76 B optimum at Primary velocity 1
77 Reserved - (00) 1
78 Reserved - (00) 1
79 Tmp multi pulse duration for any runlengths > 4T 1
80 Tiop first pulse duration for any runlengths > 4T 1
81 Ttop,3 first pulse duration for runlengths = 3T 1
82 Tip,3 last pulse duration for runlengths = 3T 1
83 dTyop first pulse.fead/lag time for any runlengths > 6T 1
84 dTyop,5 firstpulse lead/lag time for runlengths = 5T 1
85 dTiop 4 first pulse lead/lag time for runlengths = 4T 1
86 dTiop,3 first pulse lead/lag time for runlengths = 3T 1
87 dType last pulse lead time for runlengths = 5T, 7T, 9T & 11T 1

88 dT), 3 last pulse lead/lag time for runlengths = 3T

89 dTerg o erase lead/lag time for runlengths = 5T, 7T, 9T & 11T 1

90 dTera g erase lead/lag time for runlengths = 4T, 6T, 8T, 10T & 14T 1

91 dTera 3 erase lead/lag time for runlengths = 3T 1
920,95 Reserved - All (00) 4

Byte 64 - Extended Information block 0 Continuation bit / Format number

This byte shall be set to 0000 0011 indicating Format 3 and this block not being a continuation block, for which
bytes 65 to 95 have the following meaning:

Byte 65 - Reserved

This byte is reserved and shall be set to (00)

Byte 66 - Reserved

This byte is reserved and shall be set to (00)
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Byte 67 - Primary recording velocity for the parameter set in this El block

This byte indicates the recording velocity of the disk for the parameters as defined in this El block. This
recording velocity is equal to about 2,4 times the Reference velocity and shall be specified as a number n

such that

n =4 x Vprimary (n rounded off to an integral value)

It shall be

set to (25) indicating a Primary writing Speed of about 9,25 m/s.

Byte 68 - Reserved

This byte is res

berved and shall be set to (00)

Byte 69 - Reserved

This byte is res
Byte 70 - Max

This byte shall
such that

n =20 x

NOTE At r

berved and shall be set to (00)
mum read power, P, at Primary velocity

specify the maximum nominal read power P, in milliwatts at th&Primary velocity as a nu

V N
andnz1ox/—iﬂEﬂL
Vreference

pading speeds lower than the Primary velocity(of“2,4x, such as e.g. at 1x Reference velocity, {

(P~ 0.7)

mber n

he read

power shall be feduced to prevent degradation of the recordings on the disk. A safe value for the nominal read power is

P.=0,7+05

Byte 7 - PlND
P|ND is the sta

This byte shal
such that

n=4x

[v
——actual (gee also 29.3).
Vreference

at Primary velocity
ting value for the determination of Py,get Used in the OPC algorithm, see Annex I.

specify the indicative value P\p Of Piarget in milliwatts at the Primary velocity as a nu

Pinp - 10)

mber n

Byte 72 - p at

Primary velocity

This byte shall specify the Write power multiplication factor p at the Primary velocity used in the OPC

algorithm (see

n=100

Annex |) as a number n such that

xp

Byte 73 - ¢4 at Primary velocity

This byte shall specify the Erase/Write power ratio €4 at the Primary velocity used in the OPC algorithm (see
Annex |) as a number n such that

n=200

46
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Byte 74 - ¢, at Primary velocity

This byte shall specify the Cooling/Write power ratio ¢, at the Primary velocity used in the OPC algorithm (see
Annex |) as a number n such that

n=1000 x g
Byte 75 - ytarget at Primary velocity

This byte shall specify the target value for y, yiarget @t the Primary velocity used in the OPC algorithm (see
Annex |) as a number n such that

=20 x Ttarget
Byte 7P - Boptimum at Primary velocity

This byte shall specify the value of B as determined from recordings made at)jthe Primary velocity with the
optimum recording powers as described in Annex 1.3, as a number n such that

1 =100 x (Boptimum *+ 1)

Byte 7[ - Reserved - (00)

This byte is reserved and shall be set to (00).

Byte 7B - Reserved - (00)

This byte is reserved and shall be set to (00).

Byte 7P - Ty, multi pulse duration for anygunlengths > 4T
This byte shall specify the basic duratioh’of the 2" and next pulses of the multi pulse train when the current

mark i$ a 4T or greater mark (see Annex G.2). The value is expressed in fractions of the Channel bit clock
period jas an unsigned binary number n such that

7=16XTm%W and 3<n<16

Byte 8p - Tyop, first pulse duration for any runlengths > 4T

This byte shall-specify the duration of the first pulse of the multi pulse train when the current mark is a 4T or
greatef mark’ (see Annex G.2). The value is expressed in fractions of the Channel bit clock period as an
unsigngd\binary number n such that

n=16th°%W and 3<n<24

Byte 81 - Tyop 3 first pulse duration for runlengths = 3T

This byte shall specify the duration of the first pulse of the multi pulse train when the current mark is a 3T mark
(see Annex G.2). The value is expressed in fractions of the Channel bit clock period as an unsigned binary
number n such that

n=16th°p%W and 3<n<24
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Byte 82 - T|p,3

last pulse duration for runlengths = 3T

This byte shall specify the duration of the 2" pulse of the multi pulse train when the current mark is a 3T mark

(see Annex G.2). The value is expressed in fractions of the Channel bit clock period as an unsigned binary
number n such that

n=16 x

Byte 83 - dTy,

and 3<n<16or

Tlp,3
Tw

first pulse lead/lag time for any runlengths > 6T

n =0 (in case the 2"9 pulse is not present)

When the curr
the multi pulse
value is expre
that

n=16 x

(positive
Byte 84 - dTy,

When the curr
pulse train relg
expressed in fi

n=16 x

(positive
Byte 85 - dTy,

When the curr
pulse train relg
expressed in f

n=16 x

bnt mark is a 6T or greater mark, this byte shall specify the lead or lag time of the first{
train relative to the trailing edge of the first Channel bit of the data pulse (see Annex G.
5sed in fractions of the Channel bit clock period as a two’s compliment binary)number

thop
Tw

numbers indicate a lead time, negative numbers indicate a lag-time)

and -8<n<8

b5 first pulse lead/lag time for runlengths = 5T
ent mark is a 5T mark, this byte shall specify the lead or lag time of the first pulse of th

tive to the trailing edge of the first Channel bit of\the data pulse (see Annex G.2). The
actions of the Channel bit clock period as a twd’s’compliment binary number n such that

thop,5
Tw

numbers indicate a lead time, negative numbers indicate a lag time)

and -8<n<8

b4 first pulse lead/lag time for runlengths = 4T

ent mark is a 4T mark; this byte shall specify the lead or lag time of the first pulse of th
tive to the trailingledge of the first Channel bit of the data pulse (see Annex G.2). The
actions of the Channel bit clock period as a two’s compliment binary number n such that

thop,4
Tw

and -8<n<8

(positive

ulse of
P). The
n such

e multi
alue is

e multi
alue is

numbers indicate a lead time, negative numbers indicate a lag time)

Byte 86 - dTy,

p,3 first pulse lead/lag time for runlengths = 3T

When the current mark is a 3T mark, this byte shall specify the lead or lag time of the first pulse of the multi
pulse train relative to the trailing edge of the first Channel bit of the data pulse (see Annex G.2). The value is
expressed in fractions of the Channel bit clock period as a two’s compliment binary number n such that

n=16 x

and -8<n<8

thop,S
Tw

(positive numbers indicate a lead time, negative numbers indicate a lag time)
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Byte 87 - dT|,, o last pulse lead time for runlengths = 5T, 7T, 9T & 11T

When the length of the current mark is an odd number of Channel bits, this byte shall specify the lead time of
the last pulse of the multi pulse train relative to the leading edge of the last Channel bit of the data pulse (see
Annex G.2). dT|, o adds to the length of the last pulse such that this becomes Tp,, + dT); o . The value of
dTjp,0 is expressed in fractions of the Channel bit clock period as a two’s compliment binary number n such
that

n=16><dT'p’%W and 0<n<8

GpUOItIVU ||u|||bc|o ;I IdIUGtU [} :Uad t;IIIU)
Byte 8B - dT, 3 last pulse lead/lag time for runlengths = 3T
When the length of the current mark is a 3T mark, this byte shall specify the lead orjilag time of the last pulse
of the multi pulse train relative to the leading edge of the last Channel bit of the data pulse (s¢e Annex G.2).

The vglue of dT, 3 is expressed in fractions of the Channel bit clock period  as a two's compliment binary
number n such that

7=16xdT'P%W and -16<n<8

(positive numbers indicate a lead time, negative numbefs indicate a lag time)
Byte 8D - dT, o erase lead/lag time for runlengths =5T, 7T, 9T & 11T

When the length of the current mark is an odd nunmiber of Channel bits, this byte shall specify [the lead or lag
time of| the erase pulse relative to the trailing edge.of the data pulse (see Annex G.2). The value is expressed
in fractjons of the Channel bit clock period as aitwo’s compliment binary number n such that

=16 x dTefa'%W and 2H<n<16

[)ositive numbers indicaté alead time, negative numbers indicate a lag time)
Byte 9D - dT,,, g erase leadilag time for runlengths = 4T, 6T, 8T, 10T & 14T

When the length of the .current mark is an even number of Channel bits, this byte shall specify|the lead or lag
time of| the erase pulse relative to the trailing edge of the data pulse (see Annex G.2). The value is expressed
in fractjons of the'Channel bit clock period as a two’s compliment binary number n such that

dTera,E

7=16X T\I\I

and -24<n<16

(positive numbers indicate a lead time, negative numbers indicate a lag time)
Byte 91 - dT,,, ; erase lead/lag time for runlengths = 3T

When the length of the current mark is 3T, this byte shall specify the lead or lag time of the erase pulse
relative to the trailing edge of the data pulse (see Annex G.2). The value is expressed in fractions of the
Channel bit clock period as a two’s compliment binary number n such that

n=16x dTefa%W and -24<n<16

(positive numbers indicate a lead time, negative numbers indicate a lag time)
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Bytes 92 to 95 - Reserved - All (00)

These bytes are reserved and shall all be set to (00).

15 General description of the Information Zone

The Information Zone, extending over two layers, shall contain all information on the disk relevant for data
interchange. The Data Zones are intended for the recording of User Data. (see 10.7.1)

The Lead-in Zone contains control information and an area for disk testing. The Lead-out Zone allows for a
continuous smaoth lead-out and also contains an area for disk testing. The Middle Zones facilitate jumping

from Layer O fo Layer 1 at the end of the Data Zone on Layer 0. The Outer Drive Areas are meant\f

testing.

or disk

The Lead-in Zpne, the Data Zone, the Middle Zones and the Lead-out Zone constitute the Rewritable jarea in
which the information is recorded using the Phase change effect.

Talle 6 — Layout of Layer 0 of a fully formatted disk (for 80 mm disk.see Annex A)

Description Nominal radius | PSN-of the first Number |of
in mm Physical Sector Physical
Sectors
Initial Zone start 22,000 mim (01F2B0) 47 488 norpinal
Inner Disk Test Zone start 23,397'mm | (02AC80) 12 288
Guard Zone 1 start 23,746 mm (02DC80) 512
Reserved Zone 1 (02DE80) 4 096
Reserved Zone 2 (0O2EE80) 64
Lead-in . P
l =1 |Inner Disk Identification Zone (02EECO) 256
= Reserved Zone 3 (02EFCO0) 64
% Reference Code Zone start 23,886 mm (02F000) 32
% Buffer Zone 1 (02F020) 480
o Control Data’Zone (02F200) 3072
% Buffer Zane-2 (02FE00) 512
©
= start 24,000 mm (030000)
l Data |DataZone 2 086 912 max
Buffer Zone 3 start 58,000 mm (22D800) max 768
Middle (al Tuir Capdcity)
Zone 0 [Reserved Zone 4 (22DB00) max 256
Guard Zone 2 (22DC00) max 4 096 min
Reserved Zone 5 start 58,059 mm (22ECO00) 4 096
Quter | ier Disk Test Zone start 58,106 mm | (22FC00) 12 288
Drive
Area
start 58,247 mm (232C00) .
Guard Zone 3 end > 58,500 22 096 nominal
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Table 7 — Layout of Layer 1 of a fully formatted disk (for 80 mm disk see Annex A)

Description Nominal radius | PSN of the first Number of
in mm Physical Sector Physical
Sectors
Final Zone end 22,000 mm .
(FD5380) 47 488 nominal

end 23,397 mm

Inner Disk Test Zone (FD2380) 12 288
end 23,746 mm
T Lead-out
g Buffer Zone 4 9 088
B
L
kS
>
£
3
S (FD0000)
= end 24,000 mm
T ata |Data Zone 2 (86 912 max
(DD2800) min

end 58,000 mm

Middle | oo rer Zone 3 (at full capacity) | (DD2500) min 768
Zone 1 [Reserved Zone 4 (DD2400) min 256
Guard Zone 2 (DD1400) 4 096 min
Reserved Zone 5 end 58,059 mm (DD0400) 4 096
Quter | outer Disk Test Zane end 58,106 mm (DCD400) 12 288
Area end 58,247 mm

Guard Zone 3 22 096 nominal

start > 58,500 -

16 Layout of the Information Zone

The Information-Zone of single-sided and of each side of double-sided disks shall be sub-divid¢d as shown in
Table ¢ and Tabte 7. The radii indicated in Table 6 and Table 7 for some of the Zones are the hominal values
of the ¢entre of the first or last track of the Zone.

16.1 Usage of the Data Zone

Depending on the application, it might be necessary to adapt the length of the Data Zone on Layer 0 (e.g. to
set the “layer jump” at a predetermined position). In this case the start of Middle Zone 0 shall be shifted
towards the inside of the disk. At the same time, the end of Middle Zone 1 shall be shifted by the same
amount, such that the first address of the Data Zone on Layer 1 is the inverse of the last address of the Data
Zone on Layer 0 (see 16.2). The layer jump is only allowed to be set at an ECC Block boundary and shall be
fixed at initialization of the disk. The layer jump position shall never be changed, unless the disk is re-
formatted or is used in sequential recording mode (see 23.3).

The maximum possible PSN of the Data Zone on Layer 0 (end_LO0), representing the layer jump position, shall
be recorded in the Physical format information in the Control Data Zone (see 17.10.1).
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R <58 mm
nominal
' Middle Outer Drive
| Lead-out Zone Data Zone | Zone 1 Area 1
Layer 1 ATRHAARR < ]
|
I I | | I
Spacer | l | | Middle Outer Drive
I Lead-in Zone | Data Zone | Zone O Area 0
Layer 0 ATRHAARR > ——
: : HO36666) tend—06)* T
R =24 mm R =58 mm
nominal nominal

For the host/a

Figure 23 — Usage of the Data Zone

pplication the Data Zone on Layer 0 and the Data Zone on Layer # shall be treated

contiguous Ddta Zone (see Figure 24 and clause 22). At the moment the ECC- Block located at 3

[end_L0) in

e Data Zone on Layer 1 has to be recorded, at least 4 ECC™Blocks in the Middle

immediately prieceding the Data Zone on Layer 1 shall be recorded. These E€C Blocks function as a ru

the Data Zone

on Layer 1.

Maximum possible PSN of Data Zone on Layer 0 = (end_LO)
(end_LO) = (22D7FF) and (end_L0) = (DD2800) unless set otherwise

As one
ddress

yone 1
n-in for

(030000) (end_LO) (end ‘L0) (FCFFFF)
“contiguous” logical ,&gfess space of User Data
LSN O LSN.n=A* LSN n LSN 2n-1
Lead-in[Zone Data Zone on Layer 0 Data Zone on Layer 1 Lead-out Zone
Inner side of disc Inner side of disc
< Run-in >

Middle Zone 0} Middle Zone 1
Outer edge of disc

Figure 24 — Contiguity of Data Zones

16.2 Physical SectorNumbers (PSNs)

The PSNs on
layer (

on that

ach/recording layer increase by 1 for each next Physical Sector in the tracking direction
Z5). The Tirst Physical Sector of the Data Zone on Layer U shall have PSN (030000).

see Figure

The Physical Sector Numbers on Layer 1 are derived from the Sector numbers at the same radial position on
Layer O by inverting its bits, viz. changing from ZERO to ONE and vice versa. The highest Physical Sector

Number in the

NOTE
Physical Sector

52

Data Zone on Layer 0 (end_LO0) shall be such that the inverted value is a multiple of 16.

Number < 0 to occur anywhere on the disk.
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(FD0OO000) (FCFFFF)
A /> Address on Layer 1

\ (end_LO)
Physica \
Number, Lead-out (Xo0RX) Middle
Zone Data Zone Zone
4—
—>
Lead-in Data Zone Middle
Zone Zone
(XXXXXX) | —
- — (end_L0>J

/j\\ Address on Layer,0
(02FFFF) (030000)

Radius——>»

Figure 25 — Physical Sector numbering

17 Lead-in Zone

The Lgad-in Zone is the innermost Zone of the Information Zone on Layer 0. It shall consist of the parts shown
in Figufe 26.

The Plysical Sector Number of the first and last Physical Sector of each part is indicated inh Figure 26 in
hexadgcimal and decimal notationsand the number of Physical Sectors in each part are indicated in decimal
notatiop.

A maiden disk does not have any data recorded in the Lead-in Zone. After finalization (see clause 23) of the
disk, tHe Lead-in Zone 'shall be recorded according to 17.1 to 17.11.

17.1 Initial Zone

The Main/Data of the Data Frames in this Zone, when recorded, shall be set to all (00). The recording in the
Initial Zoie”shall start at radius 22,6 mm max. This International Standard does not specify the number of
Physical Sectors in the Tnitial Zone.

NOTE The Physical Sector Number of the first Physical Sector of the Data Zone is large enough so as to prevent a
Physical Sector Number < 0 to occur in the Initial Zone.

17.2 Inner Disk Test Zone

12 288 Physical Sectors reserved for drive testing and OPC algorithm (see Annex I). This Zone shall be filled
with Main Data set to (00).
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17.3 Guard Zone 1

This Guard Zone is used as a protection for separating test writing zones from information zones containing
user data. If recorded, this Zone shall be filled with Main Data set to (00). This zone shall contain 512 Physical
Sectors.

Physical Sector 175 231
Physical Sector 175 232

Physical Sector 187 519

Initial Zone
all Physical Sectors
with Main Data set to (00)

Inner Disk Test Zone
12 288 Physical Sectors

Physical Sector (02AC7F)
Physical Sector (02AC80)

Physical Sector (02DC7F)

Physical Sector 187 520

Physical Sector 188 031
Physical Sector 188 032

Physical Sector 192 127
Physical Sector 192 128

Physical Sector 192 191
Physical Sector 192 192

Physical Sector 192 447
Physical Sector 192 448

Physical Sector 192 511
Physical Sector 192 512

Physical Sector 192 543
Physical Sector 192 544

Physical Sector 193 023
Physical Sector 193 024

Physical Sector 196 095
Physical Sector 196 096

Physical Sector 196 607
Physical Sector 196'608

Guard Zone 1
512 Physical Sectors
with Main Data set to (00)

Reserved Zone 1
4 096 Physical Sectors

Reserved Zone 2
64 Physical Sectors

Inner Disk ldentification Zone
256 Physical Sectors

Reserved Zone 3
64 Physical Sectors

Reference Code Zone
32 Physical Sectors

Buffer«Zone 1
480 Physical Sectors
with Main Data set to (00)

Control Data Zone
3072 Physical Sectors

Buffer Zone 2
512 Physical Sectors

Data Zone

Physical Sector (02DC80)

Physical Sector (02DEZF)
Physical Sector (02DES80)

Physical Sector(02EE7F)
Physical Sector (02EE80)

Physical’Sector (02EEBF)
Physical Sector (02EECO)

Physical Sector (02EFBF)
Physical Sector (02EFCO0)

Physical Sector (02EFFF)
Physical Sector (02F000)

Physical Sector (02F01F)
Physical Sector (02F020)

Physical Sector (02F1FF)
Physical Sector (02F200)

Physical Sector (02FDFF)
Physical Sector (02FE00)

Physical Sector (02FFFF)
Physical Sector (030000)

Figure 26 — Lead-in Zone on Layer 0

17.4 ReservedZone 1

4 096 Physical Sectors (= 256 ECC Blocks) reserved for Defect Management use. If not used all bytes shall
be set to (00).

17.5 Reserved Zone 2

64 Physical Sectors reserved for Defect Management use. If not used all bytes shall be set to (00).

17.6 Inner Disk Identification Zone

256 Physical Sectors reserved for information agreed upon by the data interchange parties. Each set of
16 Physical Sectors from one ECC Block is either a Disk Control Block (DCB) (see clause 24) or recorded
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with all (00) Main Data. Each ECC Block in this Zone following one recorded with all (00) Main Data shall also
be recorded with all (00) Main Data.

17.7 Reserved Zone 3

64 Physical Sectors reserved for Defect Management use. If not used all bytes shall be set to (00).

17.8 Reference Code Zone

The recorded Reference Code Zone shall consist of the 32 Physical Sectors from two ECC Blocks which
generate a specific Channel bit pattern on the disk. This shall be achieved by setting to (AC) all 2 048 Main

Data h
Frame

17.9 Buffer Zone 1

This Z
this Zo

b £ lo H Dot = A [H loallla Liael
ytco Ul TALIT CUITTOPUIIUNTY Udla T T4dlllic. WIUTTUVCT, TIU  oSLldiTiunntyg  otiall VT applicUu

5, except to the first 160 Main Data bytes of the first Data Frame of each ECC Block.

bne shall consist of 480 Physical Sectors from 30 ECC Blocks. The MainobData of the [
he shall be set to all (00).

to these Data

ata Frames in

17.10| Control Data Zone
This Zpne shall consist of 3 072 Physical Sectors from 192 ECC+Blocks. The content of the 16 Physical
Sector$ of each ECC Block is repeated 192 times, unless specified otherwise. The structure of ja Control Data
Block ghall be as shown in Figure 27.
Physical format.information
2 048 bytes
Disk manufacturing information
2 048 bytes
Content provider information
14 x 2 048 bytes
Figure 27 — Structure of a Control Data Block
17.10.1 Physical format information
This information.shall comprise the 2 048 bytes shown in Table 8. It contains disk and format information.
Table 8 — Physical format information
Byte number Content Number
of bytes
0 Disk Category and Version Number 1
1 Disk size 1
2 Disk structure 1
3 Recording density 1
4to 15 Data Zone allocation 12
16 General Flag bits 1
17 Disk Application Code 1
18 Extended Information Indicators 1
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Table 8 — Physical format information (continued)

Byte number Content Number
of bytes
19 to 26 Disk Manufacturer ID 8
27 to 29 Media Type ID 3
30 Product revision number 1
31 number of Physical format information bytes in use in ADIP up to byte 63 1
3210 63 Basic write strategy parameters for Layer 0 32
64 to 95 Extended Information block O for Layer 0 32
96 to 127 Extended Information block 1 for Layer 0 32
128 to 159 Extended Information block 2 for Layer 0 32
160 to 1911 Extended Information block 3 for Layer 0 32
192 to 228 Extended Information block 4 for Layer 0 32
224 to 25p Extended Information block 5 for Layer 0 32
256 Disk Category and Version Number 1
257 Disk size 1
258 Disk structure 1
259 Recording density 1
260 to 27{ Data Zone allocation 12
272 General Flag bits 1
273 Disk Application. Code 1
274 Extended Information indicators 1
275 to 28p Disk Manufacturer ID 8
283 to 28p Media Type ID 3
286 Product revision number 1
287 number of Physical format.information bytes in use in ADIP up to byte 63 1
288 to 31p Basic write strategy parameters for Layer 1 32
320 to 35/ Extended Information block O for Layer 1 32
352 to 38 Extended Information block 1 for Layer 1 32
384 to 41p Extended Information block 2 for Layer 1 32
416 to 44y Extended Information block 3 for Layer 1 32
448 to 479 Extended Information block 4 for Layer 1 32
480 to 511 Extended Information block 5 for Layer 1 32
51210 2 047 Reserved — All (00) 1536

The information in bytes 0 to 255 are copied from the ADIP auxiliary data on Layer O during initialization of the
disk and may be modified during use to reflect the actual status of the disk (e.g. the Data Zone allocation
bytes). All 256 bytes have the same definitions and shall have the same contents as the Physical format
information in the ADIP Aux Frames on Layer 0 as defined in Table 3 and 14.4.2, except the following bytes:
Byte 1 - Disk size and maximum transfer rate

Bits b7 to by same as 14.4.2
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Bits b3 to by shall specify the maximum read transfer rate.

These bits may be set to one of the following values (depending on the maximum read-out
speed needed by the application):

0000: specify a maximum transfer rate of 2,52 Mbits/s (see note at 29.3)

0001: specify a maximum transfer rate of 5,04 Mbits/s (see note at 29.3)

0010: specify a maximum transfer rate of 10,08 Mbits/s

1111: specify no maximum transfer rate is specified.

All other combinations are reserved and shall not be used.

Bytes 4 to 15 - Data Zone allocation

in the first 16 ECC Blocks of the Control Data Zone:
Bytes 4 to 7 same as 14.4.2

Byte 8 shall be set to (00)

Bytes $to 11 shall specify the Sector Number of the actual last Physical Sector of the Datal Zone. Usually
this field is set to the same value as in 14.4.2, however in’ special cases other|values can be
allowed (see 23.3).
Byte 12 shall be set to (00)
Bytes 13 to 15 shall specify the Sector Number of the actual last Physical Sector of the Data Zone on
Layer O (this PSN represents the location-of.the layer jump, see 16.1). This value shall be <
(22D7FF) (for 80 mm disk see Annex A).
in the remaining 176 ECC Blocks of the Control DatarZone:

Bytes 4 to 15  shall be set to the same valuesias in 14.4.2, or shall be set to the same valuep as in the first
16 ECC Blocks.

Byte 1P - General Flag bits

Bit b7 same as 14.4.2
Bit b6 same as 14:4.2
Bit b5 shall.specify if Buffer Zone 2 in the Lead-in Zone contains VCPS related informiation,

shall be setto 0, indicating no VCPS related information is present in Buffer Zone 2,

shall be setto 1, indicating Buffer Zone 2 contains VCPS related information as defined in
the VCPS System Description (see Annex O). T

Bits by to by same as 14.4.2

The information in bytes 256 to 511 have the same definitions and shall have the same contents as bytes 0 to
255 of the Physical format information in the ADIP Aux Frames on Layer 1 as defined in Table 3 and 14.4.2.

The remaining bytes 512 to 2047 have no relation to the ADIP information and shall be set to all (00).

17.10.2 Disk manufacturing information

This International Standard does not specify the format and the content of these 2 048 bytes. They shall be
ignored in interchange.
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17.10.3 Conte

nt provider information

These 28 672 bytes shall be set to all (00).

Under no circu

mstance may data received from the host be recorded in this field.

Circumvention Recorders and recording drives shall be considered as circumvention devices when these
are produced to record, or can easily be modified to record, in any manner, a user-defined number in this field.

17.11 Buffer Zone 2

This recorded

ane shall consist of 512 Physical Sectaors from 32 FCC Blocks During use of the dis

VCPS

related inform
VCPS System

Main Data of the Data Frames in this Zone shall be set to all (00).

18 Data Zonhe

Two times 2 086 912 Physical Sectors for the storage of user data (for 80 mm disksee Annex A).

htion may be recorded to these 32 ECC Blocks, according to the specifications given
Description (see Annex O). If no VCPS related information is copied to these locatiens t

The start radidis of the Data Zone on Layer O and Layer 1 is determined ‘by the location of Physice
Address (00C000) and (F74A00) respectively and the maximum/minimum ‘end radius is determined
location of Physical ADIP Address (08B600) and (FF4000) respectively,(see 14.4.1.1, bit 2 to 23 and 13

19 Middle Zones

Both layers have a Middle Zone located at the outer side(of the disk. They shall consist of the parts s|
in Figure 28 and Figure 29. The Physical Sector Number of the first and the last Physical Sector of ed

is indicated in
Sectors in eac

The Middle Zo
Layer 1 (the m
inner PSN).

When Layer 0
Middle Zone 1

Figure 28 and Figure 29 in hexadetimal and decimal notation and the number of P
n part is indicated in decimal notation: (for 80 mm disk see Annex A)

hes shall be located opposite-each other, meaning that the end address of the Middle Z

ost inner PSN) is the inverse of the start address of the Middle Zone on Layer 0 (also th

has been fully recorded (user data or formatting), then both Middle Zone 0 on Layel
on Layer 1 shall be recorded before ejecting the disk from the drive.

in the
nen the

| ADIP
by the
T7.1).

ecified
ch part
hysical

one on
e most

0 and

When the fornpatting on _Layer 1 (see 23.2.2.2) is completed before Layer O is fully recorded, then a (partial)

Middle Zone 1

of at least4 ECC Blocks shall be recorded on Layer 1 (see also 16.1 and 24.2 byte Dyg)
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Data Zone on Layer 0
Physical Sector 2 283 519 max Physical Sector (22D7FF) max
Physical Sector 2 283 520 max Buffer Zone 3 Physical Sector (22D800) max
768 Physical Sectors
Physical Sector 2 284 287 max | with Main Data set to (00) Physical Sector (22DAFF) max
Physical Sector 2 284 288 max Reserved Zone 4 Physical Sector (22DB00) max
256 Physical Sectors
Physical Sector 2 284 543 max | with Main Data set to (00) | Physical Sector (22DBFF) max
Physical Sector 2 284 544 max Guard Zone 2 Physical Sector (22DC00) max
min 4 096 Physical Sectors
Physical Sector 2288 639 | with Main Data set to (00) | Physical Sector (22EBFF)
Physical Sector 2 288 640 Physical Sector (22EC00)
Outer Drive Area

Figure 28 — Middle Zone on Layer 0

Outer Drive Area
Physical Sector 14 488 575 Physical"Sector (DD13FF)
Physical Sector 14 488 576 Guard Zone 2 Physical Sector (DD1400)
min 4 096 Physical Sectors
Physical Sector 14 492 671 min | with Main Data set to (00) ~-Physical Sector (DD23KF) min
Physical Sector 14 492 672 min Reserved Zone 4 Physical Sector (DD2400) min
256 Physical Sectors
Physical Sector 14 492 927 min| with Main Data sette/(00) | Physical Sector (DD24KFF) min
Physical Sector 14 492 928 min Buffer Zone'3 Physical Sector (DD2500) min
768 Physical Sectors
Physical Sector 14 493 695 min| with Main Data set to (00) | Physical Sector (DD27FF) min
Physical Sector 14 493 696 min Physical Sector (DD2800) min
Data<Zone on Layer 1

Figure 29— Middle Zone on Layer 1

19.1 Buffer Zones 3

These [recorded Zones shall consijst of 768 Physical Sectors. The outermost possible start logation of Buffer
Zone Jis (22D800) on Layer. 0 and (DD2500) on Layer 1 (for 80 mm disk see Annex A). The Mgin Data of the
Data Ffames in this Zone.shall be set to all (00).

19.2 Reserved Zones 4

256 PHysical Sectors are reserved and shall be set to (00).

19.3 Guard Zones 2

These Guard Zones are used as a protection for separating test writing zones from information zones
containing user data. They also provide for a recorded area on the opposite layer, at any position within the
Data Zone of each layer (to cope with radial misalignments of inner and outer diameters of the Data Zones)
(for 80 mm disk see Annex A).

The Guard Zones 2 shall be filled with Main Data set to (00).

If the full storage capacity (2 086 912 sectors) of the disk is used, these zones shall contain 4 096 Physical
Sectors.

If only 2 086 912 — n sectors of the Data Zone on each layer are used (see Figure 30),

while n <12 288, both Guard Zones 2 shall contain 4 096 + n Physical Sectors (no gap between Guard
Zone 2 and the Outer Drive Area);
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if n > 12 288, both Guard Zones 2 shall contain at least 16 384 Physical Sectors, adjoining the
Reserved Zone 4 (on each layer a gap between Guard Zone 2 and the Outer Drive Area is allowed).

In the latter case (n > 12 288), the Guard Zones 2 can be extended with Physical Sectors filled with Main Data
set to (00) to fill up the gap up to a certain radius or up to the Outer Drive Area, or this gap can be left

unrecorded. The choice for these options is left to the drive manufacturer.

Example 1: less than 12 288 sectors unused

< 12 288 sectors

Rs58mm}<—>{

nominal| no gap |
|

Loy

'(030000)

(end_LO); | |
4 096 < Guard Zone 2 < 16384
|

Example 2: more than 12 288 sectors unused

R < 58 mm <

> 12 288 sectors

>

N
>

|
|
|
i Outer Drivej
|
|
|

| Data Zone  nominal| Middle Zone > 0,2 mm Area
' gap —
7 | « > |
l (030000) (end_LO) l « > (22D7FF)|
R =24 mm Guard Zone 2 R =58 mm
nominal > 16 384 sectors nominal

20 Outer Drive Areas

Figure 30 — Two examples of size of Guard Zone 2 on Layer 0
(layout on Layer 1 shall be similar)

Both layers hgve an Outer Drive Area located-at the outer side of the disk. They shall consist of the parts
specified in Figure 31 and Figure 32. The Physical Sector Number of the first and the last Physical Se¢ctor of
each part is indicated in Figure 31 and Figure 32 in hexadecimal and decimal notation and the number of

Physical Sectdrs in each part is indicated in decimal notation (for 80 mm disk see Annex A).

Physical Sectori2 288 640

Physical(Sector 2 292 735
Physical Sector 2 292 736

Guard Zone 2
with Main Data set to (00)

(9ap)

Reserved Zone 5
4 096 Physical Sectors
with Main Data set to (00)

OQuter Disk Test Zone

Physical Sector (22EC00)

Physical Sector (22FBFF)
Physical Sector (22FC00)

Physical Sector 2 305 023
Physical Sector 2 305 024

12 288 Physical Sectors

Guard Zone 3
nominal 22 096 Physical Sectors
with Main Data set to (00)

Physical Sector (232BFF)
Physical Sector (232C00)

Figure 31 — Outer Drive Area on Layer 0
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Physical Sector 14 472 191
Physical Sector 14 472 192

Physical Sector 14 484 479
Physical Sector 14 484 480

Physical Sector 14 488 575

Guard Zone 3
nominal 22 096 Physical Sectors
with Main Data set to (00)

Outer Disk Test Zone
12 288 Physical Sectors

Reserved Zone 5
4 096 Physical Sectors
with Main Data set to (00)

(gap)
Guard Zone 2

with Main Data set to (00)

ISO/IEC 29642:2009(E)

Physical Sector (DCD3FF)
Physical Sector (DCD400)

Physical Sector (DDO3FF)
Physical Sector (DD0400)

Physical Sector (DD13FF)

20.1 Reserved Zone 5

Figure 32 — Outer Drive Area on Layer 1

4 096 Physical Sectors are reserved and shall be set all (00).

20.2 Quter Disk Test Zone

12 288 Physical Sectors reserved for drive testing and OPC algorithiy(See Annex I). This Zong shall be filled
with Main Data set to (00) (for 80 mm disk see Annex A).

20.3 Guard Zone 3

This Zone shall be filled with Main Data set to (00) or may'be left unrecorded.

21 Lead-out Zone

The Lgad-out Zone is located at the inner side of the disk on Layer 1. The minimum length gf the Lead-out
Zone dhall be about 50 048 sectors, ranging from address (FDO00O) at radius 24,0 mm nominal to address

(FDC380) at radius 22,6 mm maximum, all recorded with Main Data set to (00).

The Ldad-out Zone shall consist of the parts specified in Figure 33.

The Physical Sector Number of the first and the last Physical Sector of each part is indicated

n Figure 33 in

hexadgcimal and decimal notation and the number of Physical Sectors in each part is indicdted in decimal

notatiop.

Physical Sector 16 580 607

Data Zone

Physical Sector (FCFFFF)

Rhysical Sector 16 580 608

Buffer Zone 4

Physical Sector (FDpP000)

Physical Sector 16 589 695

o-AQQ-Di : Lo 4
J VOO ITlysitdl oCLLIUTINS

with Main Data set to (00)

Physical Sector (FD237F)

Physical Sector 16 589 696

Physical Sector 16 601 983

Inner Disk Test Zone
12 288 Physical Sectors

Physical Sector (FD2380)

Physical Sector (FD537F)

Physical Sector 16 601 984

Final Zone
all Physical Sectors
with Main Data set to (00)

Physical Sector (FD5380)

Figure 33 — Lead-out Zone on Layer 1

© ISO/IEC 2009 — All rights reserved

61


https://iecnorm.com/api/?name=d398bc9e2efd2af9715d29cc1c64fe1d

ISO/IEC 29642:2009(E)

21.1 Buffer Zone 4

This Zone shall consist of 9 088 Physical Sectors. The Main Data of the Data Frames in this Zone shall be set

to all (00).

21.2 Inner D

isk Test Zone

12 288 Physical Sectors reserved for drive testing and OPC algorithm (see Annex I). This Zone shall be filled
with Main Data set to (00).

21.3 Final Zone

The Main Datd
Final Zone sh
Physical Sectd

22 Assignr

Logical Sector
the first PSN (
PSN (FCFFFF

of the Data Frames in this Zone, when recorded, shall be set to all (00). The recording
bll end at radius 22,6 mm max. This International Standard does not specify theynun
rs in the Final Zone.

hent of Logical Sector Numbers (LSNs)

Numbers (LSNs) shall be assigned contiguously increasing by one“from LSN 0, startir]
D30000) to PSN (end_LO) on Layer 0 and then continuing uninterrupted from PSN (end
on Layer 1 (see Figure 24 and also Annex J).

23 Formatting

The disk shall
data bytes in t

be considered fully formatted if all areas in the Information Zone have been recorded. Th
he ECC blocks can contain relevant data er¢an be set to dummy data (all bytes (00)). A

blocks, including those with dummy data, shall comply with clause 13.

The disk shall
Reserved Zon

be considered partially formatted if\at least the Inner Disk Test Zone, the Guard Zong
e 1, the Reserved Zone 2, theé_Inner Disk Identification Zone, the Reserved Zone

Reference Cogle Zone, the Buffer Zone 1, the-Control Data Zone and the Buffer Zone 2 in the Lead-i

and the Inner I

To indicate th
Blocks (FDCB

NOTE To ¢

Formatting car

1) Pre-format

Disk Test Zone and the Buffer-Zone in the Lead-out Zone have been recorded.

b status of the disk, the' Inner Disk Identification Zone shall contain Formatting Disk
5) (see 24.2).

nable data retrieval by Read-Only drives, the disk shall be formatted or recorded sequentially.

be doné in‘two different ways:

) in the
hber of

g from
[10) to

e Main
I ECC

1, the
3, the
n Zone

Control

ing,"which is the conventional way of formatting used for many storage media. After t

formatting pro

he pre-

cess, the disk is fully formatted. User Data shall not be recorded to the disk until the pre-

formatting process is complete.

This process ¢
write Data

write Data

onsists of the following steps:

write Lead-in Zone

Zone on Layer 0

write Middle Zones 0/1

Zone on Layer 1

write Lead-out Zone
verify the Data Zone (optional)

2) Background formatting, which is a formatting process that runs in the background during use of the disk
on a recorder. After the Background formatting process, the disk is fully formatted. User Data may be
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recorded to the disk during the Background formatting process. The disk may be interchanged at any time

after th

e first step.

This process consists of the following steps:
— Initialization

— De-icing

— Finalization

— Verification

Initialization shall always be applied to a maiden disk, while the other steps are optional.

A third

way of using the disk is

3) SeqLentiaI recording without formatting, where the disk is recorded by appending data)to

Data Z

23.1 Pre-formatting

If Pre-f]
The In
All oth

After fu

23.1.1

Option
for cor

23.2 Background formatting

Becau
immed
proces
the ap

record¢r in the background during the moments that the application is not accessing the disK

User D

23.21

It is reg
Guard
Zone 3

bne.

brmatting is applied, this shall be done before any User Data is recorded onto the disk.
er Disk Identification Zone shall contain FDCBs according to 24.2.jndicating pre-formatti
r Zones shall be recorded according to clause 17, 18, 19, 20 and-21.

Ily formatting the disk and before ejecting the disk, the drivé shall update the FDCBs.

Verification

ectness.

se the Pre-formatting process can.bé‘rather time consuming, and the user may want to u
ately, Background formatting canbe used instead of Pre-formatting. During the Backgrd
5 only a minimum amount of-data will be recorded onto the disk, after which the disk G
plication. A disk on which~a~Background formatting process is active, may be formatted

ata into previously unrecorded areas shall be considered formatting of that area.

Initialization

ommended-that the Background formatting process starts with recording the Inner Disk
Zone J,\the Reserved Zone 1, the Reserved Zone 2, the Inner Disk Identification Zone
, thé Reference Code Zone, the Buffer Zone 1, the Control Data Zone and the Buffer

Lead-i$ Zone (see Table 6) and the Inner Disk Test Zone and the Buffer Zone 4 in the Lead

Table 7

the end of the

ng in progress.

blly the Data Zone can be certified. During this process every ECC Block in the Data Zgne is checked

5e a blank disk
und formatting
an be used by
further by the
. Recording of

Test Zone, the
the Reserved
Zone 2 in the

The Inner Disk Identification Zone shall contain FDCBs according to the definitions in 24.2.
All other Zones shall be recorded according to clause 17.
Optionally the Middle Zone 0 and Middle Zone 1 can be recorded.

After initialization the disk can be released for the application.

23.2.2

De-icing

out Zone (see

De-icing is the process of recording all ECC blocks in the Data Zone. During the De-icing phase, unrecorded
areas in the Data Zone shall be filled with ECC blocks containing all (00) bytes or with User Data when

reques

ted.
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All recorded areas shall be registered in the Formatting bitmap of a Formatting Disk Control Block (FDCB) in
the Inner Disk ldentification Zone. During the time intervals when the drive is idle, the De-icing process,
controlled by the drive, can proceed in the background. When the application requests disk access, the De-
icing process is suspended and the control of the disk is returned to the application. Application requested
writes to previously unrecorded areas shall be registered in the FDCB. During background De-icing the drive
should keep the FDCBs updated. When an eject is requested during background De-icing, the drive shall
update the FDCBs before ejecting the disk.

To facilitate data retrieval by Read-Only devices from a disk that is sequentially filled up with User Data
starting on Layer 0 (which is the usual case), it is required to have Layer 1 recorded up till at least the same
radius as Layer 0. To reach such a disk status, several procedures could be followed. In 23.2.2.1 and
23.2.2.2, two examples for such procedures are given.

NOTE in d
Read-Only devi
have been filled

ase of Random Recording (non-continuous / non-sequential user data recording), datacretri
es can only be expected to be feasible if all unrecorded areas up till the outermost user datare
up with dummy data before the disk is ejected from the recorder.

eval by
ordings

23.2.2.1 Example 1 of De-icing procedure

In this exampl
See the exam

Layer 0 (2), go

When the driv
be interrupted

After such hos|

the example).
alternately (10

Because too 9
might result i

formatting sho

is 512 (corresy

The Last Writt]
used on Layer

Background fg

64

e the Background formatting is performed piece-by-piece on Layer 0_and Layer 1 alte
ble in Figure 34, where the Background formatting starts on Layer\I\1), then writes a p
es back to Layer 1 (3), et cetera (4 on Layer 0, 5 on Layer 1, 6 an L'ayer 0, 7 on Layer 1)

b now receives a request to write User Data (8 in the exaniple), the Background formatt
Aand this User Data recording will get priority.

I intervention the Background formatting should firstdevel up the recordings on both laye
After that, the Background formatting proceeds with the piece-by-piece recording of both
on Layer 1, 11 on Layer 0, etc.).

mall chunks of Background Formatting will result in many layer jumps and too large

longer waiting times at eject, the pumber of ECC Blocks for the piece-wise Back
Lld be optimized for each recorder.-A"guide value for the number of ECC Blocks in each
onding to 5 seconds at 2,4 x recording speed).

bn/Forwards-formatted Addtess (LWA) and the First Backwards-formatted Address (FB
1), both contained in the'EDCBs (see 24.2), shall be used to indicate the progress statu
Fmatting process.

nately.
ece on

ing will

rs (9 in
layers

chunks
ground
chunk

A, only
5 of the
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FBA = First Backwards-formatted Address
Background unrecorded
Formatting area
23,4mm 24,0mm
> | < > | < i S S——
Final Lead-out Zone Data Zone Middle
Zone 1
Test Inner Control o LWA

Zone 0 Disc ID Data I ——_ —

2 4 6 user(8) .
Initigl Middle
Zone Lead-in Zone Data Zone Zone 0

—> | <« > | <€ > | <€
~
~——_— Sequential -+~
‘ User Data ‘ unrecorded
Background Formatting area
LWA = Last Written/Forwards-formatted Address
Figure 34 — Example 1 of Background-Formatting
23.2.22 Example 2 of De-icing procedure

In this
the inn

formatiing starts on Layer 1 (1, 2, 3, 4).

bxample first the Background formatting on Layer: is performed in a piece-by-piece way
er side of the disk towards the outer side. See the example in Figure 35, where th

, working from
e Background

When the drive now receives a request to write*User Data (5 in the example), the Background formatting will
be intefrupted and this User Data recording will get priority.
FBA = First Backwards-formatted Address
Background unrecorded
Formatting area
23,4mm 24,0mm
Fingl | ['éad-out Zone T Data Zone " | Middle
Zore | N Zone 1
<< <c—ic—<—
FBA
Test Inner Control . LWA
Zone 0 DisC1D Data
user (5) -
Initial Middle
Zone Lead-in Zone Data Zone Zone 0
—> | < > | <€ > —
Sequential Dummy unrecorded
User Data Data area

LWA = Last Written/Forwards-formatted Address

Figure 35 — Example 2 of Background Formatting
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After such host intervention the Background formatting should proceed on Layer 1 with leveling up the
recordings on both layers (6 in the example). After that, the Background formatting proceeds with the
piece-by-piece recording of Layer 1 (7, 8, etc.).

Once Layer 1 has been fully formatted, Layer 0 can be further filled by the formatting process, which can be
performed in the normal sequential way of recording.

Because too small chunks of Background Formatting will result in many jumps and too large chunks might
result in longer waiting times at eject, the number of ECC Blocks for the piece-wise Background Formatting
should be optimized for each recorder. A guide value for the number of ECC Blocks in each chunk is 512
(corresponding to about 5 seconds at 2,4x recording speed).

The Last Written/Forwards-formatied Address (LWA) and the First Backwards-formatted Address (EBA, only
to be used on Layer 1), both contained in the FDCBs (see 24.2), shall be used to indicate the progresy status
of the Background formatting process.

To further impfove the capabilities of Read-Only devices to retrieve data from a partially formatted digk, it is
recommended|to extend the User Data recordings on Layer 0 by at least 64 ECC Blogks-containing lummy
data before th¢ disk is ejected from the drive, such to guarantee some run-out area.

NOTE As it is not always sure that Layer 1 does not contain User Data outside the\maximum recorded radius of
Layer 0, it is reqommended to fill up Layer O until the same outer radius before the disk is ejected, if one is aiming at the
best possible dgta retrieval capabilities for Read-Only devices. As long as the disk.is-not fully formatted this might extend
the eject time.

23.2.3 Finalizption

When the De-[cing process has finished and all areas in the Data Zone have been recorded, the driye shall
add the Middlg Zones according to clause 19 and the Outer Drive Areas according to clause 20.

The Lead-in Zpne shall be finished by adding the Initial Zone according to clause 17 and the Lead-oyt Zone
shall be finishgd by adding the Final Zone accordingto-clause 21.

23.24 Verificlation (optional)

Verification is fhe process of reading and ‘ehecking all ECC blocks in the Data Zone. If an ECC block i$ found
unreliable, this|block can be replaced using a Defect Management system (see clause 3).

The Last Verified Address (LVA) pointer in the Formatting Disk Control Blocks (FDCBs) in the Innger Disk
Identification 4one shall registerithe area that has been checked. During the time intervals when the|disk is
idle, the Verification process; controlled by the drive, can proceed in the background. When the application
requests disk jaccess, the~Verification process is suspended and the control of the disk is returned to the
application. Dyring background Verification the drive should keep the FDCBs updated. When an ¢ject is
requested during background Verification, the drive shall update the FDCBs before ejecting the disk.

23.3 Sequentiatrecording without formmatting

If the disk is used for contiguously sequential recording only, a Dummy Zone immediately following the last
recorded User Data should be recorded before ejecting the disk. The host/application can write additional data
to the disk by overwriting the Dummy Zone with User Data immediately followed by a new Dummy Zone.

During recording on Layer 0 the host/application can adapt the layer jump position and then continue
recording on Layer 1 as described in 16.1. However after starting recording on Layer 1, the layer jump position
shall be definite, and both Middle Zones shall be recorded before the disk is ejected from the drive.

When a disk is going to be used for sequential recording without formatting, it shall be initialized in the same
way as for Background formatting (see 23.2.1) and as long as there are unrecorded areas, the FDCB shall be
used in the same way as during the De-icing process (see 23.2.2).
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The Formatting status in the FDCBs (see 24.2) shall be set to “partially formatted”, the Last Written Address
shall be set to the last PSN of the last contiguously recorded ECC Block (end_rec, including the Dummy
Zone). The LWA shall continue on Layer 1 as indicated in Figure 36. All other bits shall be set to their relevant
meaning.

Following bytes in the Control Data Zone relating to the Data Zone allocation (see 17.10.1) shall be set to:

— if the user recordings end on Layer 0O:
bytes 9 to 11: shall be set to the last PSN of the actual last ECC Block containing User Data supplied by
the host/application (end_data, not including the Dummy Zone),
bytes 13 to 15: shall be set to the last PSN of the actual last ECC Block containing User Data supplied by
the host/application (end_LO = end_data, not including the Dummy Zone);

— if the user recordings extend beyond the layer jump onto Layer 1:
bytes 9 to 11: shall be set to the last PSN of the actual last ECC Block containing User Data supplied by
the host/application (end_data, not including the Dummy Zone),
bytes 13 to 15: shall be set to the last PSN of the Data Zone on Layer 0 (end- L8, identifying the location
of the layer jump).

Recordings end on Layer 0

Layer 1 (FCFFFF)
!

FDCB

LWA user data)
Layer O vy

Control |(030000) (end* data) (end_rec) (22D800)
Data {end_LOY}
|

Recordings end on Layer 1

Layer 1 (FCFFFF) L user data

(end_rec) A(end_data)

FDEB
LWA user data
Control |(030000) (end_LO) (22D800)

Data

Layer O

Figure 36 — Example of Sequential recording

The Dummy Zone shall fulfil the following rules:

— Bits by to byg in the ID field of the Data Frames in the Dummy Zone shall be set to ZERO ZERO,
identifying the Dummy Zone as if it was Data Zone.

— The length of the Dummy Zone shall be at least 64 ECC Blocks.

For optimum compliance with ISO/IEC 16448 the rules as given in Table 9 should be followed (for 80 mm
disk see Annex A).
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Table 9 — Length of Dummy Zone on Layer 0

Length of the Recorded part End of the Dummy Zone on Layer 0
of the Data Zone on Layer 0 (radius)

(end radius)

less than 34,0 mm 35,0 mm min.

34,0 mm to 57,5 mm end radius Data Zone + 1,0 mm min.
57,5 to 58,0 mm 58,5 mm

—  The Dummy Zone should be filled with all Main Data (00).

— ltis allowgd to have an unrecorded area between the end of the Dummy Zone and Buffer Zone)3 |ocated
at radius §8 mm.

To prevent Repad-Only devices from landing in possibly unrecorded data areas, Anhex K give§ some
recommendatipns how to move over from Layer O to Layer 1 and vice-versa.
24 Disk Control Blocks

Disk Control ECC Blocks are provided as a structure on the disk té& include additional information for
interchange bgtween the data interchange parties. DCBs are recorded 'in the Inner Disk Identification) Zone.
All DCBs shalllhave the same format for the first 40 data bytes. A special DCB is defined to reflect thg status

of the formatting process and to hold some general information.

Each type of|DCB (i.e. with some specific Content Descriptor other than (00000000), (FFFFFHFE) or
(FFFFFFFF)) ghall occur only once in each of the Inner Diskldentification Zone.

24.1 General format of Disk Control Blocks

The Main Datq of each Disk Control Block shalkbé according to Table 10.

Table 10 — General format of each Disk Control Block

Physi¢al Sector of each DEB Main Data BP | Description
0 Dg to D3 Content Descriptor
0 Dy to Dy Unknown Content Descriptor Actions
Q Dg to D3g Drive ID
0 Dy to Dy 47 Content Descriptor Specific
1to 15 Dg=D2 047 Content Descriptor Specific

Bytes D, to D5 - Content Descriptor

if set to (00000000)
the DCB is unused.
The Content Descriptor of all subsequent DCBs in this Inner Disk Identification Zone shall be set to
(00000000).

All remaining bytes, D4 to D5 47 of Physical Sector 0 and Dg to D5 g47 of Physical Sector 1 to 15 in
Table 10 shall be set to (00).
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if set to (46443000) or (46443100)
this DCB shall be as defined in 24.2

if set to (57444300)
this DCB shall be as defined in 24.3

if set to (FFFFFFFE)
this DCB is bad and shall not be used.

NOTE If any damaged DCB is replaced at an other location, the original location shall be overwritten with a DCB with
the Content Descriptor set to (FFFFFFFE) and all remaining bytes set to (00). The List of DCBs (see 24.2, Physical Sector

0/ bytes D1og to D4g1) shall be updated accordingly.

if set tq (FFFFFFFF)

his DCB was previously used and is now available for reuse.
Il remaining bytes, D4 to D2 047 of Physical Sector 0 and DO to D2 047 of Physical Secjor 1 to 15 in
able 10 shall be set to (00).

All othgr values for the Content Descriptor are reserved.

Each rlew DCB added to the Inner Disk Identification Zone shall be written at the first unused|DCB (Content
Descriptor = (00000000) or (FFFFFFFF)).

Bytes P4 to D7 — Unknown Content Descriptor Actions

These |pits are provided to specify required actions when the content and use of the DCB are ynknown to the
drive (iLe. the content descriptor is not set to a known-assigned value). These bytes form a field consisting of
32 indiyidual bits.

Bits bsj to by  Reserved
These bits shall be set to alhZERO.

Bit bg DCB overwrite
if set to ONE, modifying the current DCB shall not be allowed,
else it shall be setto ZERO.

Bit b, Formatting
if set t6' ONE, reformatting of the disk shall not be allowed,
else'it shall be set to ZERO.

Bit b4 DCB read protect
if set to ONE, the information in this DCB is meant for use by the drive only apd shall not be

transferred outside the drive,
else it shall be set ZFRO

Bit by Data Zone write
if set to ONE, recording shall not be allowed in the Data Zone,
else it shall be set to ZERO.

Bytes Dg to D3qg Drive ID

Bytes Dg to D3g shall contain a unique descriptor, identifying the drive that has last written the DCB. The
format of this unique drive identifier shall be as follows:

— Bytes Dg to Dy3 shall identify the manufacturer of the drive. This name shall be represented by characters
from the GO set + SPACE according to ISO/IEC 4873. Trailing bytes not used shall be set to (00).
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— Bytes Dy, to D35 shall identify the model name/type number of the drive. This model name/type number
shall be represented by characters from the GO set + SPACE according to ISO/IEC 4873. Trailing bytes

not used shall be set to (00).

— Bytes D3¢ to D3g shall contain a unique serial number of the drive. The 4 bytes shall form one 32-bit

binary number.

Bytes Dy to D, g47 Content Descriptor Specific

Bytes specified by the format description for the DCB with the actual Content Descriptor value.

Physical Sector-+to-15:BytesDytoDrp77ContentDescriptor-Specific

h layer.

Bytes specified by the format description for the DCB with the actual Content Descriptor value.
24.2 Format|of the Formatting DCB (FDCB)
The Inner DisH Identification Zone shall contain two DCBs reflecting the status of the-disk, one for eac
These FDCBs|shall have the content as defined in Table 11 and Table 12.
Table 11 — Format of the FDCB for Layer-0
Physical [Sector Main Data Description number o
of ECC [plock byte position bytes
0 Dg to D3 Content Descriptor 4
0 D4 to Dy Unknown Content Descriptor Actions 4
0 Dg to D3g Drive ID 32
0 Dyg to Dys FDCB update count 4
0 D44 to Dy7 Formatting status and mode of Layer 0 4
0 Dyg to Dg4 Last Written/forwards-formatted address 4
0 Dso to Dgs Last verified address of Layer 0 4
0 Dsg to Dgg Layer 0 Bitmap Start Address 4
0 Dgg to Dg3 Layer 0 Bitmap Length 4
0 D4 t0-Dgs5 Disk ID 32
0 Do to Dqp7 Application dependent 32
0 D7og to D4g1 List of DCBs 16x4
0 D1go to Dy g47 Reserved and set to (00) 1 856
1 to|8 Dg to Dy 947 Layer O Formatting bitmap 8x2 048
9to 15 Dg to Dy g47 Reserved and set to (00) 7x2 048
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Table 12 — Format of the FDCB for Layer 1

Physical Sector Main Data Description number of
of ECC block byte position bytes
0 Dg to D3 Content Descriptor 4
0 D4 to Dy Unknown Content Descriptor Actions 4
0 Dg to D3g Drive ID 32
0 Dyg to Dys FDCB update count 4
0 D44 to Dy7 Formatting status and mode of Layer 1 4
0 Dyg to Dr4 First Backwards-formatted address 4
0 D55 to Dgs Last verified address of Layer 1 4
0 Dsg to Dgg Layer 1 Bitmap Start Address 4
0 Dgg to Dgs Layer 1 Bitmap Length 4
0 Dg4 to Dgs Disk ID 32
0 Dgg to Dqp7 Application dependent 32
0 D1og to D491 List of DCBs 16x4
0 D1gp to Dy g47 Reserved and set to (00) 1 856
1t08 Dg to Dy 947 Layer 1 Formatting bitmap 8x2 048
9to 15 Dg to Dy g47 Reserved and set to (00) 7x2 048

Physigal Sector 0 / bytes Dy to D3 — Content Descriptor

these hhytes identify the Formatting DCB and shalkbée set to:

(46443000), representing the characters “FD0™and the version number 0, in the FDCB for Layer 0,

(46443100), representing the characters FD1” and the version number 0, in the FDCB for Layer 1.
Physigal Sector 0 / bytes D4 to D7 — Unknown Content Descriptor Actions
shall be set to (0000000D) indicating that if this DCB is not known to the system, the DCB shall not be
overwrltten, the disk shall not be-reformatted, writing to the Data Zone shall not be allowed, whjile transferring
the DCB information from thé&.drive to the host computer is allowed.
Physigal Sector 0 / bytes Dg to D39 — Drive ID

these hhytes shall’eontain the drive ID as specified in 24.1.

Physigal Sector 0 / bytes Dy4g to D43 — FDCB update count

these bytes—shatt—specify thetotatmumberof updateoperations—of the FBDCB—Thisfietd—shall be set to
(00000000) during the creation of the FDCB, and shall be incremented by one each time the FDCB is
re-written.
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Physical Sector 0 / byte D44 to D47 — Formatting status and mode of Layer 0/1

byte D44 — Formatting status flags

bits 7 to 6

bit 5

bits 4 to 0

Layer 0/1
Formatting status

Layer 0/1
Formatting open

Reserved

bits 7 to 6:

ZERO ZERO = the related Layer is not formatted/recorded

ZERO ONE = the related Layer has been partially formatted/recorded

ONE ZERO = the related Layer has been fully formatted/recorded by user
= the related Layer has been fully formatted by manufacturer

ONE ONE

bit 5:

ZERQ = the FDCB on the disk reflects the actual status of the related Layer
ONE | = the Formatting process of the drive is active and the FDCB on the disk'might not

reflect the actual status of the related Layer

bit 4 to (:

reserved

byte D45 — Ve

ification status flags

bits 7 to 6

bits 5 to‘Q

Verification status

Reserved

bits 7 to|6:
ZERQ ZERO = the related Layer is not verified
ZER(Q ONE = the related Layer has been pattially verified
ONE ZERO = the related Layer has been-fully verified by user
ONE ONE = the related Layer has been‘fully verified by manufacturer
bits 5 to|0: reserved
byte D46 — Regording status flags
bit' 7 bits 6 to 5 bits 4 to 0
Lead-in / Middle Zone 0/1 & reserved
Lead-out status Outer Drive Area
status
bit 7:
for Layer O:

ZERO = Lead-in is recorded from address (02AC80) to address (02FFFF)

ONE = Lead-in is fully recorded

for Layer 1:
ZERO = Lead-out is recorded from address (FD0000) to address (FD537F)

ONE = Lead-out is fully recorded

bits 6 to

5:

for Layer O:

ZERO ZERO =
ZERO ONE =

72

no Middle Zone 0 and Outer Drive Area has been recorded,
partial Middle Zone 0 has been recorded adjoining the actual

last sector of the Data Zone on Layer 0 at PSN (end_L0),
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ONE ZERO = Middle Zone 0 is recorded from address (22D800) to address
(22EBFF) (see clause 19 and 23.2.1) (for 80 mm disk see Annex A),

ONE ONE = Middle Zone 0 and Outer Drive Area are fully recorded adjoining the actual last
sector of the Data Zone on Layer 0 at (end_LO).

for Layer 1:

ZERO ZERO = no Middle Zone 1 and Outer Drive Area has been recorded,

ZERO ONE = partial Middle Zone 1 has been recorded adjoining the actual first sector of the
Data Zone on Layer 1 at PSN (end_LO),

ONE ZERO = Middle Zone 1 is recorded from address (DD1400) to address
(DD27FF) (see clause 19 and 23.2.1) (for 80 mm disk see Annex A),

ONE ONE = Middle Zone 1 and Outer Drive Area are fully recorded adjoining the actual first

sector of the Data Zone on Layer 1 at PSN (end_LO).
bits 4 to O: reserved
k7 — Reserved

et to (00)

Physigal Sector 0 / bytes Dyg to Dg4

In the

FDCB for Layer 0 — Last Written Address (LWA)

these 4 bytes shall indicate the last PSN of the last ECC Blogk of the contiguously recorded p
Zone (continuing on Layer 1 as indicated in Figure 24, including Dummy Zone data, but no

Middle

Zone) starting from address (030000). (There.shall be no unrecorded ECC Blocks be

(030000) and the LWA.) As long as the first ECC Bleck of the Data Zone is unrecorded, the LV|
to (004J00000), indicating that the LWA is not (yef)~in use. After formatting has been finished,
also bg set to (00000000).

In the

FDCB for Layer 1 — First Backwards-formatted Address (FBA)

these 4 bytes shall indicate the first-RSN of the first ECC Block of the contiguously recorded p
Zone dn Layer 1 (not including the-Middle Zone) ending at address (FCFFFF). (There shall be
ECC Blocks between the FBA and address (FCFFFF).) As long as the last ECC Block of thg¢ Data Zone is
unrecorded, the FBA shall be. set to (00000000), indicating that the FBA is not (yet) in use. A

has be

en finished, the FBAymay also be set to (00000000).

Physigal Sector 0 /.bytes D5, to D55 — Last Verified Address (LVA) of Layer 0/1

For La
the Da

For Lay

er 0: these 4 bytes shall indicate the last PSN of the last ECC Block of the contiguously
a Zane on Layer O starting from address (030000).

art of the Data
t including the
fween address
VA shall be set
the LWA may

art of the Data
no unrecorded

fter formatting

verified part of

A dle 4 Joash [Ty | I H boble 1 LA DOMNL oL Ll 1 Pl el Yl = | 1 £tle W 1
Cl T. UToT 5 UyLTo STidil TUILAlc 11T 1dol TmOIN UT'UHIT Tdol UL DIUUR UT T CUTTUYUUUSTY

the Data Zone on Layer 1 starting from address (end_LO).

If not in use the LVA may also be set to (00000000).

Physical Sector 0 / bytes D¢ to D59 — Bitmap Start Address (BSA)

verified part of

these 4 bytes shall indicate the first PSN of the first ECC Block represented in the related Formatting bitmap.

For Layer O this address shall be > (00030000) and less than the Last Written Address.

For Layer 1 this address shall be = (end_LO).
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These bytes shall be set to (00000000) if the related layer is fully Formatted or if the Formatting Bitmap is not
used.

Physical Sector 0 / bytes Dg, to Dg3z — Bitmap Length (BML)
these 4 bytes shall indicate the number of ECC Blocks represented in the related Formatting bitmap.

For Layer 0 the BML shall be = (end_LO +1 - BSA o)/ 16.
For Layer 1 the BML shall be > (FBA - BSA_ 1) / 16 and < (FD000O - BSA.1) / 16.

These bytes shall be set to (00000000) if the related layer is fully Formatted or if the Formatting Bitmap is not
used.

Physical Sector 0 / bytes Dg4 to Dgs — Disk ID

these 32 byteg shall be recorded with a random, statistically unique, 256-bit binary number;at’initialization of
the disk. Both FDCBs shall contain the same Disk ID number.

Physical Sectpr 0 / bytes Dgg to D457 — Application dependent

this field shall]consist of 32 bytes and is reserved for use by the applicationto store information such as
specific copy grotection data. If this setting is not specified by the application, the bytes shall be set to (00).

Physical Sector 0 / bytes D455 to D494 — List of DCBs

To improve thé robustness and the time to access the actually:valid DCBs, it is recommended to stofe a list
representing the 16 locations of the Inner Disk IdentificationsZone with the Content Descriptor of the DCB
contained in egch of these locations. This list shall be formatted according to Table 13.

Table 13 — Format of the List of DCBs

PHysical Sector Main Data -
of ECC block byte positiag Description number of bytes

Content Descriptor of DCB

0 D12g to D31 in location 0 4
Content Descriptor of DCB

DPy3, to D

0 132 10 L135 in location 1 4

0

0 D(128+ix4) tO Content Descriptor of DCB 4

D(131+ix4) in location i

0
Tontent Descriptor of DTB

0 D1gg to D1g1 in location 15 4

bytes D(12g+ix4) t0 D(131+ix4) — Content Descriptor of DCB in location i

each group of 4 bytes shall represent the Content Descriptor (see 24.1, bytes D to D3) of the DCB in
the specified location in the Inner Disk Identification Zone holding this FDCB.

Location i in the Inner Disk Identification Zone shall be the ECC Block starting with PSN (02EECO0) +
ix16.

The List of DCBs shall include both FDCBs themselves. The position of the FDCBs are not restricted to
locations 0 and 1. If not used the List of DCBs shall be set to all (00000000).
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Physical Sector 0 / bytes D4g, to D5 47 — Reserved
these bytes are reserved and shall be set to (00)
Physical Sector 1 to 8 / bytes D, to D, o47 — Formatting bitmap

Physical Sectors 1 to 8 of the FDCBs contain a bitmap, where each bit reflects the recording status of one
ECC block in the related layer. Bit O (the Isb) of Main Data byte D of Sector 1 represents the first ECC block,
indicated by the Bitmap Start Address, bit 1 of Main Data byte D, of Sector 1 represents the next ECC block,
following the ECC Block indicated by the Bitmap Start Address, etc. All remaining bits in Physical Sectors 1 to
8 following the bitmap shall be set to ZERO.

The ECC blocks in the bitmap are identified by a sequence number i, where i starts at 0 for thJa ECC block at
the Bitmap Start Address. Bit n of Main Data byte D,, of Sector k represents the i th ECC plock from the

Bitmap Start Address:
i=[(k-1)x2 048+m]x8+n, where k=1..9, m=0..2047,n=0..7
Addregs of the first Physical Sector of the it ECC block = Bitmap Start Address + ix16.

If the bit representing the i th ECC block is set to ONE, then the/i-™ ECC block has not heen recorded.
If the bjt representing the it ECC block is set to ZERO, then the i ! ECC block has been recorded.

Physigal Sector 9 to 15/ bytes Dy to D, o47 — Reserved
all bytgs in these sectors shall be set to (00)

24.3 Format of the Write inhibit DCB (WDCB)

The Inper Disk Identification Zone may optionally contain a DCB reflecting the write protect stafus of the disk.
This WIDCB shall have the content as defined in Table 14.

Table 14 — Format of the WDCB

Hhysical Sector Main Data Description number of bytes
pf ECC block byte position
0 Dg to D3 Content Descriptor 4
0 D4 to Dy Unknown Content Descriptor Actions 4
0 Dg to D3g Drive ID 32
Q Dyg to Dys WDCB update count 4
0 Dy4 to Dy7 Write protect Actions 4
0 Dyg to Dgs Reserved and set to (00) 16
0 De4 to Dgs WDCB Password 32
0 Dgg to Do g47 Reserved and set to (00) 1952
1to 15 Dg to Dy 47 Reserved and set to (00) 15%2 048

Physical Sector 0 / bytes Dy to D; — Content Descriptor

these bytes identify the Write inhibit DCB and shall be set to (57444300), representing the characters “WDC”
and the version number 0.
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Physical Sector 0 / bytes D4 to D; — Unknown Content Descriptor Actions

shall be set to (0000000F) indicating that if this DCB is not known to the system, the DCB shall not be
overwritten, the disk shall not be reformatted, writing to the Data Zone shall not be allowed, and transferring
the DCB information from the drive to the host computer shall not be allowed.

Physical Sector 0 / bytes Dg to D3g — Drive ID

these bytes shall contain the drive ID as specified in 24.1.

Physical Sector 0 / bytes D4 to D43 — WDCB update count

these bytes s
(00000000) du
re-written.

hall specify the total number of update operations of the WDCB. This field shall'be
ring the creation of the WDCB, and shall be incremented by one each time the-W

Physical Sector 0 / byte D44 to D47 — Write protect Actions

These bits ar¢

32

individual b

Bits b31 to

Bit by

Bits b6 to b

Bits b1, bo

NOTE The

bg

ManagementS

provided to specify allowed and required actions. These bytes, form a field consis
ts.

Reserved
These bits shall be set to all ZERO.

Write protect Change
if set to ZERO, the Write protect Status bits bg to by may be modified,

if set to ONE and the password recegived from the host is the same as the
Password in this DCB, the Write protéct Status bits bg to by may be modified,

if set to ONE and the passward-teceived from the host is the different from the
Password in this DCB, the Write protect Status bits bg to by shall not be modified.

Reserved
These bits shall be.set'to all ZERO.

Write protect Status
if set to ONE/ONE recording in any area on the disk shall not be allowed,

if set-to ONE/ZERO recording in the actual User Data Area defined by an applied
Management System shall not be allowed,

set to
DCB is

ting of

\WDCB

\WDCB

Defect

Defect

User Data Area is the part of the Data Zone meant for storing the User Data in case 4

System

located in the Data Zone of the dISk can be excluded from the wrlte |nh|b|t|on in WhICh case the Defect Management
System can stay enabled.

if set to ZERO/ONE recording in the Data Zone on the disk (all of the area between the

end of the Lead-in Zone and the start of the Lead-out Zone) shall not be allowed,

if set to ZERO/ZERO recording in all areas on the disk is allowed.

Physical Sector 0 / bytes D4g to Dg3 — Reserved

these bytes are reserved and shall be set to (00)
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Physical Sector 0 / byte Dg4 to Dgs — WDCB Password

These bytes shall contain a user defined password consisting of up to 32 characters from the GO set +
SPACE according to ISO/IEC 4873. Trailing bytes not used shall be set to (00).

If all bytes of the WDCB Password field are set to (00), then all 32 bits of the Write protect Actions field shall
be set to ZERO.

If the WDCB Password field is set to all (FF), then the disk is permanently write protected and further
recording on the disk shall not be allowed. Bits b7, by and by of the Write protect Actions field shall be set to

ONE.
Physical Sector 0 / bytes Dgg to D, g47 — Reserved

these ljytes are reserved and shall be set to (00)
Physigal Sector 1 to 15/ bytes Dy to D, g47 — Reserved

all bytgs in these sectors shall be set to (00)

25 General
All recprdings shall occur only in grooved areas. The groove centreling\s” deviated from the| average track
centreljne with a phase modulated sinewave. Physical addressing-information can be dec¢ded from this
phase modulated wobble.

The fofmat of the groove information on the disk is defined in/14.4. Clause 27 specifies the rdquirements for
the sighals from grooves, as obtained when using the Reference Drive as defined in clause 9.

26 Mpthod of testing

26.1 Environment

All signals in Clause 27 shall be within<their specified ranges with the disk in the test environment conditions
defined in 8.1.1.

26.2 Reference Drive

All signals specified in_Clause 27 shall be measured in the indicated channels of the Refefence Drive as
defineq in Clause 9. The drive shall have the following characteristics for the purpose of these tests.

26.2.1 |Optics and mechanics

The fo¢used optical beam shall have the properties defined in 9.2 a) to i). The disk shall rotate [as specified in
9.5.

26.2.2 Read power

The optical power incident on the read-out surface of the disk (used for reading the information) shall be
1,2mW + 0,1 mW.

26.2.3 Read channels

The drive shall have two read channels. Read Channel 1 gives a signal (/1 + I5) related to the total amount of
light in the exit pupil of the objective lens. Read Channel 2 gives a signal (/1 - I5) related to the difference in

the amount of light in the two halves of the exit pupil of the objective lens. These channels can be
implemented as given in clause 9.
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For measurement of the push-pull and track cross signals, the read channel signals shall be filtered by a
18t order LPF with a fo(-3 dB) of 30 kHz.

For measurement of the wobble signal, the read channel signals shall be filtered by a 15t order Band Pass
Filter with frequency range (-3 dB): 25 kHz, slope +20 dB/decade to 4,0 MHz, slope —20 dB/decade.

26.2.4 Tracking

During the measurement of the signals, the axial tracking error between the focus of the optical beam and the
recording layer shall not exceed 0,20 um,

and the radial fracking error between the focus of the optical beam and the centre of @ track shatt ot exceed
0,022 pym.

26.3 Definition of signals

All signals are] linearly related to currents through a photo detector, and are therefore,linearly related to the
optical power falling on the detector.

0 level

—_—>
radial position

Figure 37 — Signals from grooves in the Read Channels when crossing the tracks

Push-pull signal

The push-pull signal is the filtered sinusoidal difference signal (/4 - /5) in Read Channel 2, when the focus of
the optical beam crosses the tracks. The signal can be used by the drive for radial tracking.

Track cross signal

The track cross signal is the filtered sinusoidal sum signal (/1 + I5) in Read Channel 1, when the focus of the
optical beam crosses the tracks.

Wobble signal

The wobble signal ky is the filtered sinusoidal difference signal (/1 - /5) in Read Channel 2, while the drive
meets the minimum tracking requirement.
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27 Characteristics of the groove signals

27.1 Phase depth

The phase depth of the groove shall not exceed 90°.

27.2 Push-pull signal

The peak-to-peak value of the push-pull signal PP shall meet the following requirements:

(l1 _IZ)nn
a) onfootn 1ayers berore recording.v,zZo = |-( S U,00

I+ 1 v + (1 + 12 )i |12
The max variation of the push-pull signal within one layer before~’recordi

PPmax_PPmin <015
PFinax + PPin

b) o <0)56

=)

li—1
both layers after recording: 0,28 < U 2)Pp
|-(I1 + I2)max + (I1 +I2)minJ/2

c) Ratio of push-pull signal of unrecorded groove to push-pull_signal of recorded groove w

shall be in the range of: 0,75< Phbefore <1,25

after

27.3 Track Cross signal

The Triack Cross signal for the unrecorded disksis not specified.

27.4 Normalized wobble signal

The dgviation from the track centreline shall be measured by the normalized wobble signal.
distange that the centre of the wobble groove deviates from the average track centreline car
accordjng to Annex L.

The wagbble signal shall-be’measured in an empty track during the monotone wobble part, at |
the ampplitude is not enhanced due to the positive interference of the wobble from adjacent tra
the othr layer is unrecorded.

The ndrmalized-wobble signal shall be

ng shall be:

thin one layer

The amount of
be calculated

bcations where
cks and where

= =——=0;30
(l1 _l2)pp

At locations where the amplitude of the wobble signal is enhanced due to the positive interference of the

wobble from adjacent tracks, the maximum wobble signal shall be

IW,pp-max <26
IW,pp-min
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27.5 Characteristics of the wobble

The average Narrow band SNR of the wobble signal before recording shall be greater than 45 dB. The
measurement shall be made using a resolution bandwidth of 1 kHz. At the location of the measurement the
other layer shall be unrecorded.

The average Narrow band SNR of the wobble signal after recording shall be greater than 38 dB. The
measurement shall be made using a resolution bandwidth of 1 kHz. At the location of the measurement the

other layer shall be recorded.

28 Method

The format of
signals from re

This clause 29
values, called
Clause 31 and

of testing

he information on the disk is defined in clause 13. Clause 29 specifies the requirements
corded marks, as obtained when using the Reference Drive as defined in clause 9.

specifies the average quality of the rewritable information. Local deviations-from the sf
defects, can cause tracking errors or errors in the Data fields. Thesererrors are cove
Clauses 32 and following.

28.1 Envirompment

All signals in
conditions defi

P9.2.2 to 29.2.5 shall be within their specified ranges with the disk in the test envir
hed in 8.1.1.

28.2 Referemce Drive

All signals spe
defined in clau

28.2.1 Optics

The focused o
9.5.

28.2.2 Read ¢

The optical pg

cified in 29.2.2 to 29.2.5 shall be measured ip the indicated channels of the Reference O
5e 9. The drive shall have the following chatacteristics for the purpose of these tests.

and mechanics

btical beam shall have the properties defined in 9.2 a) to i). The disk shall rotate as speq

ower

wer incident on~the read-out surface of the disk (used for reading the information)

1,2mW £ 0,1 mW.

28.2.3 Read dhannels

The drive shal

havetwo read channels. Read Channel 1 gives a signal (/4 + I,) related to the total am

for the

ecified
red by

bnment

rive as

ified in

hall be

ount of

light in the exi

HI £ dlo lo. ' 1 n A Ola [IaY H H L L] L) [ T [ P | A4
PUMITUT TS UUJTUUVE TTTTS. NTAU UTIariiTr £ yives a Siyriar (71 = 1) 1ialtcu tu uic Ul

ence in

the amount of light in the two halves of the exit pupil of the objective lens. These channels can be
implemented as given in clause 9.

For measurement of the push-pull and track cross signals, the read channel signals shall be filtered by a
18t order LPF with a f,(-3 dB) of 30 kHz.

The signal from Read channel 1 is not equalized except when measuring jitter. The threshold level for
binarizing the read signal shall be controlled to minimize the effects of mark and space size changes due to
parameter variations during writing. Jitter measurements shall be made using the Read Channel 1 with the
characteristics in Annex E.
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Tracking

During recording and during the measurement of the signals, the axial tracking error between the focus of the

optical

beam and the recording layer shall not exceed 0,20 um,

and the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed
0,022 um when running at the Reference velocity and shall not exceed 0,045 um when running at a higher
velocity.

NOTE

At high recording or playback velocities, advanced servo systems might be needed to achieve tracking errors
below these maximum values.

28.2.5

All writ
with th

Scanning velocity

b tests are performed at each of the recording velocities defined in 14.4.2. The teSts-sha
b related write strategy.

All readl tests are performed at the Reference velocity.

28.3 \

Marks

28.3.1
The las
A 3T tdg
The re
(Pc), W

spaceg

The ac

28.3.2

The op

Vrite conditions

and spaces are written on the disk by pulsing a laser.

Write pulse waveform

er power is modulated according to one of the write{pulse waveform given in Annex G.
14T is written by applying a multiple-pulse train-of write pulses.

cording power has three levels: the Write power (Pw), the Erase power (Pe), and the

hich are the optical powers incident.at’the entrance surface of the disk and used for wri

. The values of these power levels shall be optimized according to Annex I.

tual recording powers, Pw, Pé;land Pc shall be within 5 % of their optimum values.

Write power
timized recording powers, Pwo, Peo and Pco shall meet the following conditions
bn Layer 0 at:2)4x recording speed for the N-1 strategy as defined in 14.4.2.2:

20,0.mW < Pwo < 45,0 mW

40 mW <Peo<22,0mW

| be performed

Cooling power
ing marks and

0,1 mW <Pco<0,7mW

on Layer 1 at 2,4x recording speed for the N/2 strategy as defined in 14.4.2.3.1:

20,0 mW < Pwo <45,0 mW
4,0 mW <Peo <220 mW

0,1 mW <Pco<0,7mW
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28.3.3 Write power shift for layer L1 due to recording on layer LO

Depending on the recorded/unrecorded status of layer L0, the optimum write power for layer L1 might exhibit
some difference. This difference shall fulfil the following requirement:

0,95<

PWonL1,unrecL0

<1,05

PWon L1,recLO

28.4 Measurement conditions

The test for jitter shall be carried out on any group of five adjacent tracks, designated (m-2), (m-1), m, (m+1),

(m+2), in the |
specified in 14

For measurem
The Jitter shal
Write random

Read the data

29 Characferistics of the recorded signals

The following 9

29.1 Channel bit length

The average 0
146,6 nn

29.2 Definiti

All signals are
the optical pow

29.2.1 High frlequency signals (HF)

The HF signal
Read Channe
information on

Ihformation Zone of the disk. The jitter shall be measured on recordings made at all vd
4.2.2, byte 32, and in the Extended Information blocks defined under 14.4.2.3.

ent of jitter the system described in Annex E shall be used.

jata on all five tracks 10 times each as specified in 28.3.1.

of track m under the conditions specified in 28.2.

n+1,4nm

jon of signals

be measured according to the following procedure:

ignals shall be measured, after recording with thewrite conditions as specified in 28.3.1.

hannel bit length over each RUN shalbbe

linearly related to currents through a photo-diode detector, and are therefore linearly rel
er falling on the detector.

is obtained by summing the currents of the four elements of the photo detector as gener
1. These currents are modulated by the effects of the marks and spaces represent

locities

ated to

ated in
ng the

thewrecording layer.
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97-0009-A

Figure 38 — Signals from spaces and marks in Read channel 1

Modulated amplitude

. The 0 Level is the signal level obtained from the-measuring device when no disk is i

pdulated amplitude /44 is the peak-to-peak value of the HF .signal generated by the Iar
lengths (see Figure 38). The peak value /444 shall be the peak value of the HF sig
g. The modulated amplitude /3 is the peak-to-peak value generated by the shortest m

gest mark and
nal before a.c.
ark and space
nserted. These

paraméters shall meet the following requirements under ‘all conditions, also such as a diffefent number of

overwr

Within

Within

29.2.3

tes, and when recordings have been made at different speeds.

1% > 0,48
l14n

3/ >0,15
14

I14Hmax

one revolution, (114Hmax 414“”‘"% <0,15
14Hmax

Signallasymmetry

The signal asymmetry shall meet the following requirement:

29.2.4

['14H tlg a3y +l3 -‘

l14

Normalized Slicing Level jump

Between any 2 consecutive ECC Blocks, the Normalized Slicing Level (NSL) jump shall be:

|(/3H,2 + 13 2)~ (I3 +/3L,1)|S 0.50
U2 —faL2)+ sl t)
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where /3y 1 and I3 4 are the /3 levels just before the linking position
and I3H,2 and I3L,2 are the I3 levels just after the linking position.

This requirement shall be fulfilled also after a different number of overwrites for the 2 ECC Blocks (up to 500

DOW cycles).

29.2.5 Jitter

Jitter is the standard deviation ¢ of the time variations of the binary read signal. This binary read signal is
created by a slicer, after feeding the HF signal from the HF read channel through an equalizer and LPF (see
Annex E). The jitter of the leading and trailing edges is measured relative to the PLL clock and normalized by

the Channel bi

clock neriod
Ll

The jitter shall
The jitter meas

The measured

29.2.5.1

The following
storage time. H
with nominal r
14.4.2.3.1. Ne

After 24 hours
A new, empty

jitter is measured (jitterq1).

The difference

where:

Additionally th¢ number of PI errors over.any 8 consecutive ECC Blocks shall not exceed 280 (see 31.2

29.3 Read s

When reading

ranges after 1

NOTE Whd
higher read po

Oveérwrite stability

be measured at the Reference velocity using the circuit specified in Annex E.
urement shall be using the conditions specified in 28.4.

jitter shall not exceed 9,0 %.

test shall be applied to verify the stability of the overwrite capabilities of the disk afte
For this purpose a band of at least 5 tracks shall be (over)written 10 times, at a velocity
bcording powers and the write strategy parameters set to~the values as defined in 14.4
t the disk has to be stored at 55 °C £ 2 °C for 24 hours)

the original recorded tracks shall be overwritten.once and the jitter is measured (jitterqg+1
brea of the disk, close to the original recording, shall be (over)written 11 times and also h

in the measured jitter values shall be défined as Ajitter? = jitter120+1 —jitter121 ,

Ajitter < 6,0 %.

ability

P00 000(repeated reads.

erSvIn case of (partial) CAV operation care should be taken to set sufficiently low read powe

I some
bf 2,4x,
2.2 or

)

ere the

at a play-back speed of n x the reference velocity with a read power of {0,8 + 0,5x \/—m_} mwW
(n>1) at a temperature 0of 65 °C, all parameters specified in 29.2.2 to 29.2.5 shall be within their sy

ecified

n reading at higher play-back speeds, the signal-to-noise ratios in drives can be improved by applying

s when

jumping towards
jumping inwards

Inner diameters (although the rotational speed will stay the same, the linear speed will decreas

).

Reading with the 1x read power at lower speeds than the reference velocity might degrade the read stability
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30 Additional testing conditions

Recorded +RW disks compliant with this +RW DL International Standatd‘shall also fulfil the

signal $pecifications when measured with the Pick Up Head according {o)ISO/IEC 16448.

30.1 Test environment

All conditions are the same as in 28.1 to 28.2.5 except for the.following.

30.1.1|Optics

The fo¢used optical beam used for reading data shall have the following properties:

a) Wavelength (L) 650 nm + 5 nm

b) Numerical aperture of the objective lens (NA) 0,60 + 0,01

c) Thg objective lens shall bencompensated for spherical aberrations caused by a parallel
nopinal thickness (0,6 mm)and nominal refractive index (1,55).

d) Wave front aberration 0,033 x A rms max.

e) Lightintensity_at'the rim of the pupil of the 60 % to 70 % of
intgnsity in the radial objective
angl over 90 % in the tanger

f) Polarization of the light Circular

g) Normalized detector size

h)

ISO/IEC 29642:2009(E)

Tmax read power (mW)

Safe operating area:
Preag < 0,8 + 0,5xVn

nominal read power for testing:
1T+ 712£0,1 mW @ 1X speed

linear velocity (X)

12 4 8 12 16

Figure 39 — Safe operating area when reading at higher speeds

following basic

substrate with

the maximum
b lens direction
tial direction.

100 um?2 < S / M2 < 144 pm?

where S is the total surface of
the quadrant photo detector

Read power 1,2 mW = 0,1 mW

Relative Intensity Noise (RIN)* of laser diode -134 dB/Hz max.
*RIN (dB/Hz) = 10 log [(a.c. light power density / Hz) / d.c. light power]

30.2 Definition of signals

For the definition of the following signals see 29.2 and the underlying subclauses.
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30.2.1 Modulated amplitude

’1y > 0,48
l14n

I3
ha

Within one layer, (114Hmax _114Hmiry

Within one lay

Within one rev

Within one rev

30.2.1.1 Ref

The Reflectan
shall be RxM 3

>0,15

{ < 0,33 (with PBS)
14Hmax

r—@mﬁm—"ﬁrﬁm\

),
’ N 4Hmax

blution, (Harmax _I14Hmiry

N4Hmax

D

<0,20 (without PBS)
< 0,15 (with PBS)

< 0,10 (without PBS)

blution, (Harmax _I14Hmiry

N 4Hmax

ectancexModulation product

Ce of the disk (see 12.3) multiplied by the Modulation (= formalized /14, modulated am
/
R 1% RxM > 0,029
14H X lan

At the measur¢ment location both layers shall be recorded.

30.2.2 Signal

-005<

30.2.3 Jitter
The jitter shall
The jitter meas

The measured

asymmetry

lian +har 3y +lap
2 2

<+0,15

l14

be measured at the Reference velocity using the circuit specified in Annex E.
urement shall be using the conditions specified in 28.4.

jittershall not exceed 9,0 %.

plitude)

30.2.4 Track Cross signal

The Track Cross signal (see 26.3) shall meet the following requirement:

30.2.5 Differe

M>o1o

(I’I + I2)max

ntial phase tracking error signal

The output currents of the four quadrants of the split photo detector shown in Figure 40 are identified by

I, Iy, I, and Iy
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Light beam
—>
\/ Tangential direction

Id Ic

97-0047-A

Figure 40 — Quadrant photo detector

I tial nh 1 ki i leshall ha deri d.f th h diff, hat
The differential-phase-tracking-error-signal-shall-be-derived-from-the-phase-differences-between the sum of the

currenfs of diagonal pairs of photo detector elements when the light beam crosses the trackst

{Phasq (/;+1;) - Phase(/,+/y)} , see Figure 41 and Annex F.
The phase difference signals shall be low-pass filtered with f(-3 dB) of 30 kHz.

This differential phase tracking error signal shall meet the following requirements (see Figure 41

~

Amplitude

At the |positive 0 crossing A_t/T shall be in the range 0,5 to,1,Dat 0,10 um radial offset, where At is the

averagg time difference derived from the phase differencesbetween the sum of the currents of|diagonal pairs
of photp detector elements, and T is the Channel bit clock{period.

Asymmetry (see Figure 41)

T, -T
The asymmetry shall meet the following requirement: Hs 0,20,
1+ 12

where [T is the positive peak value of E/T and T, is the negative peak value of E/T

—=\I" 0 Level

— Radial spot displacement
" Tp: Track pitch

Figure 41 — Differential phase tracking error signal

30.2.6 Tangential push-pull signal

This signal shall be derived from the instantaneous level of the differential output (I;+1y) - (lpt/.). It shall meet
the following requirements, see Figure 42:

0< [(1a +1g)— (hy +IC)]pp <09

4
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Figure 42 — Tangential push-pull signal

31 Quality pf the recording layer

For the integrity of the data on the disk, the recording layer shall fulfil the following jnitial quality requirements.

31.1 Defectg
Defects are aiff bubbles and black spots. Their diameter shall meet the following requirements:
— for air bubples it shall not exceed 100 pym,

— for black gpots causing birefringence it shall not exceed 200 um,

— for black gpots not causing birefringence it shall not eéxceed 300 um.

In addition, over a distance of 80 mm in scanning direction of tracks, the following requirements shall bg met:
— the total Igngth of defects larger than 30.um’shall not exceed 300 pm,

— there shal| be at most 6 such defects.

31.2 Data eryors

A byte error gccurs when<ohe or more bits in a byte have a wrong value, as compared to their priginal
recorded valug.

A row of an EQC Block as defined in 13.3 that has at least 1 byte in error constitutes a Pl error.

If a row of anLECC
“Pl-uncorrectable”.

The disk shall be recorded with arbitrary data in one single uninterrupted writing action from the start of the
Lead-in Zone until the end of the Lead-out Zone (“Disk-At-Once” mode). Both layers shall be recorded, where
Layer 1 shall be recorded after recording Layer 0.

During playback after the initial recording, the errors as detected by the error correction system shall meet the
following requirements:

— inany 8 consecutive ECC Blocks the total number of PI errors before correction shall not exceed 280,

— inany ECC Block the number of Pl-uncorrectable rows should not exceed 4.
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32 Method of testing

Clause 31 describes a series of measurements to test conformance of the user data on the disk with this
International Standard. It checks the legibility of the user-written data. The data is assumed to be arbitrary.
The data may have been written by any drive in any operating environment (see 8.1.2). The read tests shall
be performed on the Reference Drive as defined in clause 9.

Whereas clause 28 disregards defects, clause 33 includes them as an unavoidable deterioration of the read
signals. The severity of a defect is determined by the correctability of the ensuing errors by the error detection
and correction circuit in the read channel defined below. The requirements in clause 33 defines a minimum
quality of the data, necessary for data interchange.

32.1 ﬂEnvironment

All signals in 33.1 to 33.2 shall be within their specified ranges with the disk in any environment|in the range of
allowed operating environments defined in 8.1.2. It is recommended that before testing, the entrance surface
of the dlisk shall be cleaned according to the instructions of the manufacturer of the disk.

32.2 Reference Drive

All sighals specified in clause 33 shall be measured in the indicated ‘channels of the Reference Drive as
defined in clause 9. The drive shall have the following characteristics-for the purpose of these tgsts:

32.2.1|Optics and mechanics

The fopused optical beam shall have the properties alreddy defined in 9.2 a) to i). The disk |shall rotate as
specifigd in 9.5.

32.2.2|Read power

The optical power incident on the entrance‘surface of the disk (used for reading the informjtion) shall be
1,2mW} + 0,1 mW.

32.2.3 |Read channels

The drjve shall have two read channels. Read Channel 1 gives a signal (/4 + I5) related to the fotal amount of
light in|the exit pupil of theéyobjective lens. Read Channel 2 gives a signal (/1 - I5) related to the difference in

the amount of light in_the two halves of the exit pupil of the objective lens. These channels can be
implemented as givenin 9.3 and 9.6.

The signal from:Read channel 1 is equalized and filtered before processing. The threshold levgl for binarizing
the redd signal shall be controlled to minimize the effects of mark and space size changes dug to parameter
variatigns_during writing. For measurement of the disk quality as specified in clause 33, the pqualizer, filter
and sl cer, and the characteristics of the PlLL shall be the same as epnr\ifind in—Annex-F for the J|tter

measurement.

32.2.4 Error correction

Correction of errors in the data bytes shall be carried out by an error detection and correction system based
on the definition in 13.3.

32.2.5 Tracking

During the measurement of the signals, the axial tracking error between the focus of the optical beam and the
recording layer shall not exceed 0,20 um,

© ISO/IEC 2009 — All rights reserved 89


https://iecnorm.com/api/?name=d398bc9e2efd2af9715d29cc1c64fe1d

ISO/IEC 29642:2009(E)

and the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed
0,022 um.

33 Minimum quality of a Recording Unit

This clause specifies the minimum quality of the data of a Recording Unit as required for data interchange.
The quality shall be measured on the Reference Drive as defined in clause 9 and Annex E.

A byte error occurs when one or more bits in a byte have a wrong value, as detected by the ECC and/or EDC
circuits.

33.1 Tracking

The focus of the optical beam shall not jump tracks unintentionally.

33.2 User-written data

The user-writtgén data in a Recording Unit as read in Read channel 1 shall not contain any byte errgrs that
cannot be corrected by the error correction defined in 13.3. To relieve this requirement, a defect management
system can belused, which autonomously replaces unreliable Recording Units\(see clause 3).
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Annex A
(normative)

80 mm +RW DL disk

The +RW DL Format also allows an 80 mm disk with capacities of 1,46 Gbytes and 2,92 Gbytes. All
mechanical, physical and optical characteristics shall be equal to those of the 120 mm disks specified in this
document, except for the following items:

see: 10.2 Overall dimensions
The disk shall have an overall diameter d4 = 80,00 mm * 0,30 mm
see: 10.7 Information Zone

The Information Zone shall extend over both recording layets)between diameter dg and
diameter

d7 = 77,5 mm min.
see: 10.7.1 Sub-division of the Information Zone

The end of the Data Zone on Layer 0 and the begifining of the Data Zone on Lalyer 1 shall be
located at diameter

dg = 76,00 mm makx,

which is the beginning/end of the Middle,Zones.
see: 11.1 Mass

The mass of the disk shall be in\the range of 6,0 g t0 9,0 g.
see: 11.2 Moment of inertia

The moment of inertia 6fthe disk, relative to its rotation axis, shall not exceed 0{010 g-m2.
see: 11.3 Dynamic Imbalance

The dynamic imbalance of the disk, relative to its rotation axis, shall not exceed|1,5 g-mm.
see: 14.1 Track'shape

The tracks shall be continuous in the Information Zone.
Thetgroove tracks shall start at a radius of 22,00 mm max. and end at a radius of 38,75 mm
min.

see: 14.4.1.1 ADIP word structure, bits 2 to 23

Physical ADIP Address (033A7F), which is the last address corresponding to the Data Zone
on Layer 0, shall be located at radius 35,00 mm max

Physical ADIP Address (FCC580), which is the first address corresponding to the Data Zone
on Layer 1, shall be located at radius 38,00 mm max

see: 14.4.2.1 General information - Bytes 0 to 31
Byte 1 — Disk size and maximum transfer rate
Bits b; to b, shall specify the disk size, they shall be set to 0001, indicating a 80 mm disk
Bytes 4 to 15 — Data Zone allocation

Bytes 13 to 15 shall be set to (OCE9FF) to specify PSN 846 335 as the last possible
Physical Sector of the Data Zone on Layer O.
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<— Tracking direction «—

——> Tracking direction —»

92

see: 16 Layout of the Information Zone

Table A.1 — Layout of Layer 0 of a fully formatted disk

Description Nominal radius | PSN of the first Number of
in mm Physical Sector Physical
Sectors
Lead-in |all the same as 120 mm disk - - -
Data |Data Zone start 24,000 mm (030000) 649 728 max
Buffer Zone 3 ?tatrft :|3|8,000 rr;rr; (OCEAQQ) max 768
Midgte at full capacity
Zone 0 [Reserved Zone 4 (OCEDO0O) max 256
Guard Zone 2 (OCEEOO0) max 4096 miin
Reserved Zone 5 start 38,090 mm (OCFEO00) 4 096
g: er Outer Disk Test Zone start 38,162 mm (ODOEO00) 8 192
Arga |Guard Zone 3 start 38,305 mm (OD2E00) ,
end > 38,500 11 216 norinal
Table A.2 — Layout of Layer 1 of a fully formatted disk
Description Nominal raditis | PSN of the first Number [of
in mm Physical Sector Physical
Sectors
Leadjout |all the same as 120 mm disk - (FDO000) -
Data |Data Zone end 24,000 mm | (F31600) min 649 728 max
end 38,000 mm
Midlile Buffer Zone 3 (at full capacity) | (F31300) min 768
Zone 1 [Reserved Zone 4 (F31200) min 256
Guard Zone 2 (F30200) 4 096 miin
Reserved Zone 5 end 38,090 mm (F2F200) 4 096
%E Outer Disk Test.:Zone end 38,162 mm (F2D200) 8 192
EE Guard Zone 8 end 38,305 mm ,
start > 38,500 _ 11 216 norpinal

Seq

: 1740.1 Physical format information

Bytes 4 to 15 — Data Zone allocation

see

Bytes 13 to 15 shall specify the maximum possible Physical Sector Number of the Data

Zone on Layer 0 (this PSN represents the location of the layer

16.1). This value shall be < (OCE9FF)

:18 Data Zone

Two times 649 728 Physical Sectors for the storage of user data.

The start radius of the Data Zone on Layer 0 and Layer 1 is determined by the location of
Physical ADIP Address (00C000) and (FCC580) respectively and the maximum/minimum end
radius is determined by the location of Physical ADIP Address (033A80) and (FF4000)

respectively (see 14.4.1.1, bit 2 to 23 and 13.7.1).
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see: 19 Middle Zones

Physical Sector 846 335 max
Physical Sector 846 336 max

Physical Sector 847 103 max
Physical Sector 847 104 max

Physical Sector 847 359 max
Physical Sector 847 360 max

Physical-Sector-851-455.

Data Zone on Layer 0

Buffer Zone 3
768 Physical Sectors
with Main Data set to (00)

Reserved Zone 4
256 Physical Sectors
with Main Data set to (00)

Guard Zone 2
min 4 096 Physical Sectors

with-Main-Data-set-to-(00)

ISO/IEC 29642:2009(E)

Physical Sector (0CE9FF) max
Physical Sector (0CEA00) max

Physical Sector (0CECFF) max
Physical Sector (0CEDOQOQ) max

Physical Sector (OCEDFF) max
Physical Sector (OCEE00) max

Phvsical Sactor (ﬁf“l:nl-_-F)
—YSiGaH O =

Physical Sector 851 456

Physical Sector 15 925 759
Physical Sector 15 925 760

Physical Sector 15 929 855 min
Physical Sector 15 929 856 min

Physical Sector 15 930 111 min
Physical Sector 15 930 112 min

Physical Sector 15 930 879 min
Physical Sector 15 930 880 min

see: 19.1 Buffer Zone 3

Layer 1.
see:19.3 Guard Zones 2

Physical Sectors.

Outer Drive Area

Figure A.1 — Middle Zone on Layer 0

Outer Drive Area

Guard Zone 2
min 4 096 Physical Sectors
with Main Data set to (00)

Reserved Zone4
256 Physical Séctors
with Main Data sét to (00)

Buffer. Zohe 3
768 Physical Sectors
with Main'Data set to (00)

Data Zone on Layer 1

Figure A.2 — Middle Zone on Layer 1

The outermost possible start location of Buffer Zone 3 is (OCEAQ00) on Layer 0 an

If the fall~storage capacity (649 728 sectors) of the disk is used, these zones shal

If.only 649 728 — n sectors of the Data Zone on each layer are used (see Figure 30),
while n <6 144, both Guard Zones 2 shall contain 4 096 + n Physical Sectors (no

Physical Sector (0CEEQO0)

Rhysical Sector (F301FF)
Physical Sector (F3020D)

Physical Sector (F311FF) min
Physical Sector (F3120D) min

Physical Sector (F312FF) min
Physical Sector (F3130D) min

Physical Sector (F315FF) min
Physical Sector (F3160D) min

Guard Zone 2 and the Outer Drive Area);

if n > 6 144, both Guard Zones 2 shall contain at least 10 240 Physical Sectors, adjoining the
Reserved Zone 4 (on each layer a gap between Guard Zone 2 and the Outer Drive Area is

allowed).

d (F31300) on

contain 4 096

gap between

In the latter case (n > 6 144), the Guard Zones 2 can be extended with Physical Sectors filled with
Main Data set to (00) to fill up the gap up to a certain radius or up to the Outer Drive Area, or this
gap can be left unrecorded. The choice for these options is left to the drive manufacturer.
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see: 20 Outer Drive Areas

Guard Zone 2
with Main Data set to (00)

(9ap)

Physical Sector 2 288 640

Physical Sector 2 292 735

Reserved Zone 5
4 096 Physical Sectors
with Main Data set to (00)

Physical Sector 2 292 736

Physical Sector 2 305 023

Outer Disk Test Zone
8 192 Physical Sectors

Physical Sector 2 305 024

Guard Zone 3

pominal 14216 Physical

Physical Sector (22ECO00)

Physical Sector (22FBFF)
Physical Sector (22FCO00)

Physical Sector (232BFF)
Physical Sector (232C00)

Sectors
with Main Data set to (00)

Physical Sector 14 472 191

Guard Zone 3
nominal 11 216 Physical
Sectors
with Main Data set to (00)

Physical Sector 14 472 192

Physical Sector 14 484 479

Outer Disk Test Zone
8 192 Physical Sectors

Physical Sector 14 484 480

Physical Sector 14 488 575

Reserved Zone 5
4 096 Physical Sectors
with Main Data set to (00)

(9ap)
Guard.Zonhe 2
with Main Data set to (00)

seq: 20.2 Outer Disk Test Zone

8 1092 Physical Sectors:teserved for drive testing and OPC algorithm (see Annex ). Thi

shdll be filled with Main.Data set to (00).

sed: 23.3 Sequential recordi

ng

Figure A.3 — Outer Drive Area on Layer 0

Physical)Sector (DCD3FF)
Physical Sector (DCD400)

Physical Sector (DDO3FF)
Physical Sector (DD0400)

Physical Sector (DD13FF)

Figure A.4 —.QOuter Drive Area on Layer 1

Table A.3 — Length of Dummy Zone on Layer 0

of-the-DataZone-ontaye

Length of the Recorded part

0

End of the Dummy Zone on Layer 0

5 Zone

(end radius)

Leadiia)
T U adrasSy

less than 34,0 mm

35,0 mm min.

34,0 mm to 37,5 mm

end radius Data Zone + 1,0 mm min.

37,5 t0 38,0 mm

38,5 mm

It is allowed to have an unrecorded area between the end of the Dummy Zone and Buffer
Zone 3 located at radius 38 mm.
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see: 24.2 Format of the FDCB
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Byte D46 — Recording status flag

bits 6 to 5:

for Layer 0O:

ZERO ZERO = No Middle Zone 0 and Outer Drive Area has been recorded

ZERO ONE = Temporary Middle Zone 0 has been recorded

ONE ZERO = Middle Zone 0 is recorded from address (OCEAQO) to
address (OCFDFF) (see clause 19 and 23.2.1)

ONE ONE = Middle Zone 0 and Outer Drive Area are fully recorded
adjoining the actual last sector of the Data Zone on Layer 0
at PSN (end_LO0).

for Layer 1:

ZERO ZERO = No Middle Zone 1 and Outer Drive Area has been fecorded

ZERO ONE = Temporary Middle Zone 1 has been recorded

ONE ZERO = Middle Zone 1 is recorded from address (E30200) o address
(F315FF) (see clause 19 and 23.2.1)

ONE ONE = Middle Zone 1 and Outer Drive Area-are fully recorfded

adjoining the actual first sector of the Data Zone on Layer 1
at PSN (end_L0).
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Annex B
(normative)

Structure for Extended format information in the Data Zone
The ADIP Aux Frames in the Data Zone may be used to store information needed to support specific

applications, such as e.g. encryption/decryption keys needed for a copy-protection system. This annex only
specifies the general structure for such information.

B.1 Extended format information

The Extended [Format Information consists of a table of contents (EFI TOC) and up to 16 distinct regigns that
contain additiopal format information. The EFI TOC defines the location and contents of the\fegions contained
in the Extendgdd Format Information, see B.1.1. The EFI TOC shall be stored in the ADIP Aux Frames (see
14.4.1.1) in th¢ Data Zone, starting at the ADIP word that has Physical ADIP Address (00C000). The regions
of the Extended Format Information shall be located in the ADIP Aux Frames in the-Data Zone and/or ghall be
present as pre-recorded areas in the main data channel. Each region contains.ohé or more copies of| a data
block of a partjcular type, as indicated in the EFI TOC. Each region shall be-centained in one recording layer
(regions shall not cross the layer jump).

Figure B.1 schematically shows an example lay-out, based on the VCPS copy-protection system, with the EFI
TOC and the YCPS-defined regions that are contained in the ADIR/Aux Frames in the Data Zone. Tlhe EFI
TOC consists pf 8 consecutive copies of an ETOC block, where.each ETOC block contains the complete EFI
TOC informatipn (see B.1.1). The VCPS-defined hash region.¢contains one or more copies of the DKB hash
value, as spedfied in the EFI TOC. The VCPS-defined DKB, region contains one or more copies of the DKB,
as specified inf the EFI TOC. Gaps may exist between any two regions. All bytes in the ADIP Aux Frgmes in
the gaps shall pe set to (00).

0x0C00p 0x0C800
A v
EFI TOC gap hash region | gap | DKB region
Ji § ; ™, N\,
; i /
RN AN Nbytes
\ y \\\ . S N
» | ~
/ | . | DKB DKB | -
Vo 16 bytes AN
"2 / —A \ # of copies specified in EFI TOC
/ \ | hash hash | - | hash |
' 256 bytes x“\“ # of copies specified in EFITOC
ETOC | ETOC | -~ ETOC
8 copies

Figure B.1 — Example lay-out of Extended format information in ADIP

B.1.1 EFITOC

The EFI TOC starts at the ADIP word that has Physical Address (00C000). The length of the EFI TOC is 8
ADIP Aux Frames, which is equivalent to 2048 consecutive ADIP words. As shown in Figure B.1, the EFI TOC
consists of 8 consecutive copies of an ETOC block. The ETOC block consists of at most 16 Region
Descriptors, as defined in Figure B.2. The combined size of all Region Descriptors contained in the ETOC
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block shall be no more than 256 bytes. Remaining bytes shall be set to all zeros, such that the size of the
ETOC block is exactly 256 bytes.

Byte Bit] 6 5 4 3 2 1 0
(_) Region Descriptor #1
Region Descriptor #2
Region Descriptor #n
(00)
255 (00)

Figure B.2 — ETOC block

Region Descriptor #i: Region Descriptor #i contains information with_respect to the i-th|region of the
Extended Format Information (1 </ < n < 16). A Region Descriptor ,consists of a Basic Region Descriptor
followed by zero or more Extended Region Descriptors. The format of a“Basic Region Descriptpr is defined in
Figure |B.3. The format of an Extended Region Descriptor is defined in“Figure B.4.

Bit
Bytd 7 6 5 4 3 2 1 0

D (msb)

( Region Type Identifier

4 (Isb)
3 Extent | Version number

; (msb) Region Start Address (Isb)
b (msb)

: Data Block Size

D (Isb)
10 Repeat Count

11 Reserved | Private
12 (msb)

: Alternative Location
15 (Isb)

Figure B.3 — Basic Region Descriptor

Region Type Identifier: The type of the data block that is contained in the region. Data blocks stored in
differept regions having the same Region Type |dentifier shall be identical.

Extent: The Extent bit shall indicate if this Basic Region Descriptor is followed by an Extended Region
Descriptor, as follows:

0: This Basic Region Descriptor is not followed by an Extended Region Descriptor.
1: This Basic Region Descriptor is followed by an Extended Region Descriptor.
Version Number: The revision of the data block type that is contained in the region.
Region Start Address: If the data block is stored in the ADIP Aux Frames, the Region Start Address is given

as the Physical ADIP Address of the ADIP word that contains the first byte of the data block, divided by 256.
The Region Start Address shall be greater than or equal to (00C8). If the data block is not stored in the ADIP
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Aux Frames, the Region Start Address shall be zero. In that case the Alternative Location shall be non-zero
and specify the location of the data block in the main data channel.

Data Block Size: The size in bytes of a single copy of the data block in the region. The Data Block Size shall
be set to zero if the data block is not contained in the ADIP Aux Frames.

Repeat Count: The number of consecutive copies of the data block that are contained in the region. If the
data block is stored in the ADIP Aux Frames and the region extends through the end of the Disk, Repeat
Count shall be set to 0. The Repeat Count shall be set to zero if the data block is not contained in the ADIP

Aux Frames.

Reserved: All

reserved bits shall be set to ‘0’.

Private: The H

0: ADiri

1. ADri

Alternative Ld

rivate bit shall indicate if a Drive is permitted to output the contents of the region, as follo
e is permitted to output the contents of the region.
e is not permitted to output the contents of the region.

cation: In addition to, or alternative to storage in the ADIP Aux Frames, the data block

WS:

may be

stored in a contiguous area of the main data channel. In that case, the Alternative“Location specifies the first

Physical Sectd

r Number of the location in the main data channel that contains.one or more copies of {

ne data

block. Otherwise, Alternative Location shall be set to zero. Note that the format of the data block as coptained
in the main dgta channel may be different from the format of the data block as contained in the ADIP Aux
Frames.
Bit
Byte 7 6 5 4 3 2 1 @

0 (msb)

1 Region‘T'ype Identifier

2 (Isb)

3 Extent | Version number

4

: Reserved

15

Figure B.4 — Extended Region Descriptor

Region Type ldentifier: the Redion Type Identifier shall be identical to the Region Type Identifier contained in

the preceding Basic Region Descriptor.

Extent: The Extent bit-shall indicate if this Extended Region Descriptor is followed by another Extended

Region Descriptor, asfollows:

0: This Extended Region Descriptor is not followed by another Extended Region Descriptor.

1: This Extended Region Descriptor is followed by another Extended Region Descriptor.

Version Number: the Version Number shall be identical to the Version Number contained in the preceding
Basic Region Descriptor.

Reserved: All reserved bytes shall be set to (00).

98
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Annex C
(normative)

Measurement of light reflectivity

C.1 Calibration method

The re

pa
fo

For us
relevar

When
(Im) wi
coming
paralle

nmainn

A gooq
referer]

lectivity of a disk can be measured In several ways. 1he two most common methods are
rallel method,
cused method.

b in players the focused method with the help of a reference disk with knowh feflectan
t and easiest one, while for the calibration of the reference disk the parallebmethod is ea

Mmeasuring the reflectivity in the focused way, only the light returned‘by the reflective I3
| fall onto the photo detector. The reflected light coming from the front surface of the dis

from the parasitic reflections inside the disk will mainly fall outside the photo detector.
method only the “total” reflected power (/;)) can be measured,-a calculation is needed tg

reflectance from the reflective layer.

reference disk shall be chosen, for instance 0,6 /mm/glass disk with a golden reflecti
ce disk shall be measured by a parallel beam as.shown in Figure C.1.

‘\\\
int \\\
I// \ //'
I, \
IS
I R

Is

Figure C.1 — Reflectivity calibration

ce is the most
sier.

yer of the disk
k and the light

Because in the
determine the

ve mirror. This

In this

Eioiira tha fallavaina analing

igure-the-following-apptes:

reflectance of the entrance surface

reflectance as measured by the focussed beam (is by definition = Iy f )
B

reflectance as measured by the parallel beam (is by definition = I//I )
B

power of incident beam

reflected power from entrance surface

reflected power from recording layer

reflected power from internal reflections between entrance surface and recordin
measured reflected power (I + Iy + fint)
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The reflectance of the entrance surface is defined by:

=

2
n-- 1) , Where n is the index of refraction of the substrate.
n+

The main reflected power I, = I - I5 -lint which leads to:

(1_rs)2 x(Ry —rs)

Rref = |:

1-ryx(2-Ry)

|

The reference|disk shall be measured on a reference drive. The total detector current (/4 + /) obtaingd from

the reference disk, and measured by the focused beam is equated to /,, as determined above.

Now the arranigement is calibrated and the focused reflectance is a linear function of the.reflectivity of the

recording layer and the double pass substrate transmission, independently from the reflectivity of the entrance

surface.

C.2 Measuring method

Reflectivity in the unrecorded Information Zone

A method of measuring the reflectance using the reference drive.

(1) Measure tie total detector current (/4 + I5)s from the reference disk with calibrated reflectance Rg+.

(2) Measure the total detector current (/4 + )4 from a greove track in an area of the disk under invesjigation
where the |groove track and the two adjacent tracks on each side of the track to be measured havie been
erased. Efasure of these tracks shall be done“by irradiating the tracks using only the Pe power as
determined from the OPC algorithm (see Annex 1).

(3) Calculate fhe unrecorded disk reflectance'Ry as follows:

l4+1
Rq = (1_& *Rief
(I +15)s

Reflectivity inf the recorded Information Zone

A method of measuringthe reflectance using the reference drive.

(1) Measure the total detector current (11 + 12)s from the reference disk with calibrated reflectance Rref.

(2) Measure | T2 from a recorded groove track Im an area of the disk under Investigation where at teast the

two adjacent tracks on each side of the track to be measured also have been recorded. Recording of
these tracks shall be done using the optimum powers as determined from the OPC algorithm
(see Annex |).

(3) Calculate the recorded disk reflectance R4y as follows:

X Ryef
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Annex D
(normative)

Measurement of birefringence

D.1 Principle of the measurement

In ordér t©0 measure

f i the birefringence, circularly polarized Tight In a parallel beam 1S Us§
retardgtion is measured by observing the ellipticity of the reflected light.

The or

where

The ell

radial direction

Figure D.1 — Ellipse with ellipticity e = b/a and orientation 6
entation 6 of the ellipse is-determined by the orientation of the optical axis
= y- /4
v is the angle between the optical axis and the radial direction.

pticity, e-=b/a, is a function of the phase retardation &

.= tan{l(E - 8)—‘
I_2 2 =}

d. The phase

()

When the phase retardation §is known the birefringence BR can be expressed as a fraction of the wavelength

A

BR =—456nm

27

(©)

Thus, by observing the elliptically polarized light reflected from the disk, the birefringence can be measured
and the orientation of the optical axis can be assessed as well.

© ISO/IEC 2009 — All rights reserved
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D.2 Measurements conditions
The measurement of the birefringence specified above shall be made under the following conditions.

Mode of measurement in reflection, double pass through the substrate.

Wavelength A of the laser light 640 nm £ 15 nm
Beam diameter (FWHM) 1,0 mm £ 0,2 mm
Angle B of incidence in radial direction 7,0°+0,2°

relative to the radial plane perpendicular
to Reference Plane P

Disk mounting horizontally
Rotation less than 1 Hz
Temperature and relative humidity as specified in 8.1.1

D.3 Exampje of a measurement set-up

Whilst this Intgrnational Standard does not prescribe a specific device for measuring birefringence, the|device
shown schemg4tically in Figure D.2 as an example, is well suited for this measurement.

/

i /
laser —— @ ' \ << photo detector

% < collimator lens
polarizer —
< rotating analyzer

Maplate s /

\B. I
\g¥

disc [ \/ i_'_i 1

Figure D.2 — Example of a device for the measurement of birefringence

Light from a laser sotrce, collimated into a polarizer ( extinction ratio ~ 10 ), is made circular by a A/ plate.
The elllp“Clty (f fha raﬂar\farl ||nhf s Qnal\l—/aﬂ l'\\l a rnl‘ohng Qnol\l-rnr anH a phr\l‘n Hafﬁr\fnr |:r\r o\lor\l | Catlon

on the disk, the minimum and the maX|mum values of the |nten3|ty are measured. The ellipticity can then be
calculated as

e? = /minl 4)

max

Combining equations (2), (3), and (4) yields

BR = & - &arctan
4 & max

102 © ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=d398bc9e2efd2af9715d29cc1c64fe1d

ISO/IEC 29642:2009(E)

This device can be easily calibrated as follows

Imin is set to 0 by measuring a polarizer or a A/ 4 plate,
Imin = Imax When measuring a mirror

Apart of the d.c. contribution of the front surface reflection, a.c. components may occur, due to the
interference of the reflection(s) of the front surface with the reflection(s) from the recording layer. These a.c.

reflectivity effects are significant only if the disk substrate has an extremely accurate flatness and if the light
source has a high coherence.
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Annex E
(normative)

Measuring conditions for operation signals

E.1 System diagram for jitter measurement and determination of the characteristics
of user data

The general sy

stem diagram shall be as shown in Figure E.1.

pre-amp's

HF-signal f
|_

AC-couplin
PINSl eq

4-qug
photo-d

drant
etector

LPF

phase detector
jF filter
VCO

slicer PLL

all data clock
edges signal

e.g. Time Interval Analyzer

jitter analyzer

start/stop signal
from revolution pulsg

104

Figure E.1 — General diagram for jitter measurement
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E.2 Open loop transfer function for PLL

The open-loop transfer function for the PLL shall be as shown in Figure E.2

Gain (dB)

A

-40 dB/decade

-20 dB/decade

0dB 5 \

» Frequency| (kHz)

-40 dB/decade

Figure E.2 — Schematic representation of the open-loop transfer function for PLL

E.3 Slicer

The sliger shall be a 15t order, integrating feed-back auto-slicer with a -3 dB closed-loop bandwifdth of 5 kHz.

E.4 CGonditions for measurement

The bgndwidth of the pre-amplifier of the photo detector shall be greater than 20 MHz in ofder to prevent
group-¢lelay distortion.

Equalizer: 3-tap transversal filter with transfer function H(z) = 1,364 z2- 0,182 (1 + z%)

Low-pass filter: 6" order Bessel filter, f. (-3 dB) = 8,2 MHz
Filtering plus equalization:
— Gain variation: 1 dB max. (below 7 MHz)
— Group delay variation: 1 ns max. (below 7 MHz)

— (Gain at 5,0 MHz - Gainat 0 Hz) = 3,2dB + 0,3 dB
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a.c. coupling (high-pass filter) = 18t order, f; (-3 dB) =1 kHz

Correction of the angular deviation: only d.c. deviation shall be corrected.

E.5 Measu

The jitter of all

Gain (dB)
+6
Equalizer —~—
N
3 — S
/ N
= Equalizer + \
e Bessel filter \
0 = \
~
™ N ~ ]
-3 Bessel filter 155
~
'~
\ o
-6
0 Frequency (MHz) 10

rement

Figure E.3 — Frequency characteristics for the equalizer and the low-pass filter

leading and trailing edges over one revolution shall be measured.
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Annex F
(normative)

Measurement of the differential phase tracking error

F.1 Measuring method for the differential phase tracking error

The re
of the

indepenhdently after equalization of the wave form with the transfer function defined by:

The gain of the comparators shall be sufficient to reach full saturation on thevoutputs, even

signal

other tp produce a time-lead signal C1 and a time-lag signal C2. The _phase comparator shal

individ

smoothing the C1, C2 signals with low-pass filters and by subtracting by means of a unity g

amplifi

Special attention shall be given to the implementation of the‘Circuit because very small time di
to be measured (1 % of T equals only 0,38 ns). Careful averaging is needed.

The avierage time difference between two signals_fram the diagonal pairs of elements of the qu

shall b

where

F.2 Neasurement of )At /T without time interval analyzer

The relative time difference At/T is represented by the amplitude of the tracking error signal pr
amplitydes of the,'C1 and C2 signals and the frequency component of the read-out signals 4

The re

€rence CIrcurt for the measurement of the tracking error shall be that Shown In FIgure ]
diagnonal pairs of elements of the quadrant photo detector shall be converted~to

Hiw)=(1+16x107 xiw)/(1+4,7x108 x iw)

bmplitudes. Phases of the binary pulse signal edges (signals B1 and-B2) shall be con

tial edge with signal C1 or C2, depending on the sign of At;. A tracking error signal shall

pr. The low-pass filters shall be 1% order filters with a cut-off frequency (-3 dB) of 30 kHz.

)
=

=1
A= DAY

N is the number of edges,-both rising and falling.

1. Each output
binary signals

with minimum
pared to each
react to each
e produced by
ain differential

fferences have

hdrant detector

bvided that the
re normalized.

ation.between the tracking error amplitude ATVE and the time difference is given by:
|~ v Al v Af; A_t \v/nr\
ATVE =& —\Vpc==—Vpc=—x—

DT NnT T n

where:

Vpc is the amplitude of the C1 and C2 signals

Ti is the actual length of the read-out signal in the range 3T to 14T
n.T is the weighted average value of the actual lengths

N.n.T is the total averaging time.

The specification for the tracking gain can now be rewritten by using the tracking error amplitude as follows:

0.5x(Vp%) <ATVEL 1.1x(Vp%) at 0,1 um radial offset.
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108

»| amp signal A1 equalizer level signal B1
| H(iw) comparator
Ia/—\lb |
-7 .
| | H(iw)=1+1'6X1O_XI_w
\ / 1+4.7x10 % i
d ~—+ Ic
| » amp signal A2 equalizer level signal B2
H(iw) comparator
signal C1_| low pass ol
filter g
phase 1st order differential
comparator -3dB @ 30 kHz amp£1X) signal TVE
signal C2_| low pass o ATVE
filter
/\ |
/\ \
\/ )
tr'ack?ng erro
(0,1 um)
At = pqsitive At, = negative
signal A
b
signal AP
signal B
signal BR

signal C1

signal CZ

//

]|

U

Figure F.1 — Circuit for tracking error measurements
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F.3 Calibration of the circuit

Assuming that Vpc equals = 5 V and that the measured value of n equals =~ 5, then the above relation between
the tracking error amplitude ATVE and the time difference At can be simplified to:

ATVE=S! VPO AL
T n T

The average runlength n of the 8-to-16 modulated signal is depending on the data content and the averaging
time. Therefore the circuit shall be calibrated with a fixed frequency signal, corresponding to a modulated
signal with 5T runlengths. For this purpose sinusoidal signals with a frequency of 2,616 MHz can be used.

Typically the pulses of signals C1 and C2 will be generated by some digital gate circuit with;‘ah output signal
switching between ground and the supply voltage. This voltage swing is assumedqto-be jabout 5 volts,
however, depending on the applied technology, it may deviate from 5 volts significantly,

Becauge the formal specification for the DPD signal is:

),5£A?ts 1,1 at 0,1 um radial offset,

the megasurement by means of ATVE is influenced by the actual values of Vpc and n. Therefore the following
calibration procedure shall be applied.

F.3.1 [Saturation of comparators
Make sure that the gain of the level comparators is>such that for all actual input signal levels, |the signals B1
and BZ are square wave signals. In this case the:amplitude of the signal TVE is independent of the amplitude
of the input signals.

saturation area

TVE signal
amplitude

0 >
Comparator input
signal amplitude

Figure F.2 — Tracking error signal amplitude versus comparator input signal amplitude

F.3.2 Correction for n and Vpc

Because of the above mentioned deviations of n and Vpc, and possibly some other circuit parameters, a
correction factor K has to be determined, such that:

AT (real) = K x ATVE (measured).
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This can be achieved in the following way:

a) Generate two sinusoidal signals A1 and A2 of frequency 2,616 MHz with a phase difference, and inject
them into the two equalizer circuits.

b) Measure the relation between At/T and ATVE , and determine K from Figure F.3:

= AtfT(injected) . Now the set-up is ready for use.
ATVE(measured)
A

ATVE |

1.2 A 3
theoretical line for

1.0 Vpc=5V and n=5
0.8

0.4 ,/ example of

/ measured line
0.2 o
o

0

0 02 04 06 08 10 12
ALJT
—

Figure F.3 — ATVE versus At/T
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Annex G
(normative)

The write pulse wave form for testing

For the two layers and for different speed ranges, different write strategies can be used. This version of this
document specifies two options:
— a N-1 write strategy, where each runlength of NT is recorded by means of N-1 pulses, and

1L/ M % ES . L 1 +lo £ NI dad b £ iot/NL/ON ]
— a NI VWIS olldiTyy, WITCTT TAUIT TUTHITTTyUuT U TN T 1o TOCLUTUTU Uy T dlilo Ul IIIL\I‘IL} MUIOTOo.

G.1 N-1 write strategy

The wiite pulse waveform obtained from the NRZI data and the channel clo¢kyis shown inl Figure G.1. It
consisf{s of N-1 pulses, where N is the length of the NRZI pulse expressed in channel clock cycles.

The values for Pw, Pe, and Pc are determined according to the OPC algorithm (see Annex I). |JAn example of
the wrife pulse waveform for the minimum mark, the minimum space and)an 8T mark is shown in Figure G.2.

T T T
\ \ \
NRZI channel bits \ \ | | \
\ \ Wy \
\ \ | | \
: \ \ 7| | \ :
I | _>l__l<_m9 | | I | |
| |5 | | Lo
:dT M—ﬂhn : ! 4T —>—<hd|
1dTiop 1 1o ! ro | | byl g ! |
@ T L (T
4 | : dTIp,4)} N
PW : ‘ ‘ : l dTera
: } } | (dTera,S__
| } } | dTera,4)
Pe : \ \ :
| ! ! |
—————————————— {-- }
Po 1| \ \ | | \ :
I 0mw \ | | \ |
\ 4 ) 4 X | x I I | .

Figure G.1 — Write pulse waveform

G.1.1 Timing parameters

The pulse width times, Tio, and T, shall be as indicated by byte 42 and byte 43 in 14.4.2.2 respectively. The
duration is defined in fractions of the channel clock period:

Tiop =1 % g Tws where i =3, 4, .. or 15
it
Tmp=m x/16 TW, wherem =3, 4, ..or 13
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The laser power shall be switched to cooling level between each two write pulses for at least %6 Tw-

The first pulse lead/lag-times, the last pulse lead/lag-time and the erase lead/lag-time shall be as indicated by
bytes 44/45, bytes 46/47/48 and bytes 49/50/51 in 14.4.2.2 respectively. The duration is defined in fractions of
the channel clock period. (dTx is expressed as a positive value when leading to the related clock edge and is
expressed as a negative value when lagging to the related clock edge)

dTiop =P X %6 Tw where p =-8, -7,

1
dTtop,3=q x%6 TW, whereq=-8,-7,..

.,-1,0,1,

..or 15 for any runlength > 4T

..or 15 for runlengths = 3T

= y =

dTlp=rx /16 TW , wherer =-8, -7, ..
y

dTlp,3 5s x /16 TW , where s = -8, -7,
y

dTlp,4 st x /16 TW | where t = -8, -7, ..

= y =
dTera=|ux/16 TW , where u = -8, -7, ..
y
dTera,3|=vx/16TW, wherev=-8,-7,

1
dTera, 4f w x%6 TW, wherew=-8,-7,..,-1,0,1, ..

The accuracy ¢f all pulse widths shall be better than + 0,5ns’

NRZI data

3T

..or 7 for any runlength > 5T

.,-1,0,1,..

..or 7 forrunlengths = 4T

.. or 15 when preceding mark length > 5T

.,-1,0,1,..

or 7 for runlengths = 3T

or 15 when preceding mark length = 3T

or15 when preceding mark length = 4T

space

>

Figure G.2 — Example of a Multiple-pulse

G.2 N/2 write strategy

The write pulse waveform obtained from the NRZI| data and the channel clock is shown in Figure G.3. It
consists of int(N/2) pulses, where int(x) represents the largest integer < x and N is the length of the NRZI
pulse expressed in channel clock cycles. For the 3T runlength the write pulse waveform can consist of 2
pulses or one single pulse (in which case T, 3 shall be set to 0).
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NRZI
channel bits

dT, is expressed as a positive value when leading to the related clock edge,
and is expressed as a negative value when lagging to the related clock edge.

Figure G.3 — Write pulse waveform

The values for Pw, Pe, and Pc are determined according to the OPC algorithm (see Annex I). An example of
the write pulse waveform for the minimum mark, the minimum space and an 8T mark is shown in Figure G.4.
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