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Foreword

ISO (the

establishe

International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees

h\l/ the respective nrgnni7n+inn todeal with particular fields of technical Qr\fi\/ify 1ISQ _and IEC

technical
and non-g
technolog

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives;-Part 2.

The main
Standards
an Interna

Attention
rights. 1SQ

ISO/IEC 2
track prog
approval k

This seco
revised.

committees collaborate in fields of mutual interest. Other international organizations, governnién
overnmental, in liaison with ISO and IEC, also take part in the work. In the field of informati
y, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

adopted by the joint technical committee are circulated to national bodies fér yoting. Publication
tional Standard requires approval by at least 75 % of the national bodies easting a vote.

shall not be held responsible for identifying any or all such patent fights.
9642 was prepared by Ecma International (as ECMA-374) and“was adopted, under a special “fa
edure”, by Joint Technical Committee ISO/IEC JTC 1, kformation technology, in parallel with
y national bodies of ISO and IEC.

hd edition cancels and replaces the first edition (ISO/IEC 29642:2007), which has been technic3

tal
on

task of the joint technical committee is to prepare International Standards.,Draft International

asS

s drawn to the possibility that some of the elements of this document'may be the subject of patgnt

St-
its

y

viii
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Introduction

Ecma Technical Committee TC31 was established in 1984 for the standardization of Optical Disks a

nd 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 bheen dn\/nlnpnd h_\,/ TC31 and puhlichnd hy Ecma, almost all of which

have also

been adopted by ISO/IEC under the fast-track procedure as International Standards.

In{June 2006, a group of companies proposed that TC31 develop a standard for 120 mm dual layer
optical disks using phase change recording technology and based on ISO/IEC 16448, 'ISO/IEC 1

rewritable
7341 and

ISP/IEC 26925. TC31 adopted this project and started the work that has resultedyin this Infernational

Sthndard.

THis International Standard specifies two Types of rewritable optical disks:.<%n€& (Type S9) mak
recording on only a single side of the disk and yielding a nominal capacity,of\8,55 Gbytes or 2,66 (
disk and the other (Type D18) making use of recording on both sides~of-the disk and yielding
capacity of 17,1 Gbytes or 5,32 Gbytes per disk.

THis International Standard, taken together with a standard for velume and file structure, such as fqg
dgveloped in Ecma Technical Committee TC15, provides #4he/requirements for information in
bgtween systems.

ng use of
bbytes per
A nominal

r instance
terchange
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Information technology — Data interchange on 120 mm and
80 mm optical disk using +RW DL format — Capacity:
8,55 Gbytes and 2,66 Gbytes per side (recording speed 2,4X)

1

TH
re
an

Scope

is International Standard specifies the mechanical, physical and optical charaecteristics of] 120 mm

ritable optical disks with capacities of 8,55 Gbytes and 17,1 Gbytes. It specifies the quality of the¢ recorded

d unrecorded signals, the format of the data and the recording method, thereby allowing for ipformation

interchange by means of such disks. The data can be written, read and overwritten many times| using the

ph

Th
did

dimensions. All parameters unique for the 80 mm disks are specified in Annex A.

TH

TH

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

is International Standard also specifies 80 mm disks with capacities-of 2,66 Gbytes and 5,32 Gbytes. These
ks have the same characteristics as the 120 mm disks, exceptd{or 'some parameters related to the smaller

is International Standard specifies the following:
two 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;

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

the format of the information on the disk, including the physical disposition of the tracks and sg¢ctors, the
error correcting codes and the coding method;

the characteristics_of the signals recorded on the disk, thus enabling data processing systems fo read the
data from the-disk.

is International Standard provides for the interchange of disks between optical disk drives. Together with a

standard forwolume and file structure, it provides for full data interchange between data processing $ystems.

2

—Conformance
RGe

2.1 Optical disk

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 for its Type.

2.2 Generating system

A

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

accordance with 2.1.

©l
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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 document. For dated
referenceg, only the edition cited applies. For undated references, the latest edition,of the referenced
document|(including any amendments) applies.
ISO/IEC 4873:1991, Information technology — ISO 8-bit code for information _ifiterchange — Structure and
rules for implementation

S

ISO/IEC 1|6448:2002, Information technology — 120 mm DVD — Read-only. disk

ECMA-28f, Safety of electronic equipment (2002)

4 Terms and definitions

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

4.1
channel hit
elements py which the binary values ZERO and ONE are represented by marks and spaces on the disk

4.2
clampingizone
annular part of the disk within which-the clamping force is applied by the clamping device

4.3
Digital SYym Value
DSV
arithmetic| sum obtained from a bit stream by allocating the decimal value +1 to bits set to ONE and the
decimal value —1%to*bits set to ZERO

4.4

disk refer
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 substrate

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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4.7

field

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 The groove is located nearer to the entrance surface than the “land” in between the grooves. The recording is
made-on-the-groove-

4,

interleaving

process of reallocating the physical sequence of units of data so as to render the data more immune to burst
erfors

410

mark

feEture of the recording layer that can take the form of an amorphous domain,*a pit or any other type or form
that can be sensed by the optical system

NQTE The pattern of marks and spaces represents the data on the disk!

411

phase change

physical effect by which the area of a recording layer irradiated by a laser beam is heated so as [to change
frgm an amorphous state to a crystalline state and vice versa

412

physical sector

smallest addressable part of a track in the Information Zone of a disk that can be accessed indepe

ot

re
lay

er

4,
re
lin

ner addressable parts of the zone

3
cording layer
er of the disk on which data is-written during manufacture and/or use

414
R;ed—Solomon code
R

or detection and/or/'correction code

5
fFerence velocity
par veloeity that results in the nominal channel bit rate of 26,156 25 Mbit/s

4,

6

ndently of

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

417

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

©l
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418

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 continuous spiral

4.20

track pitc
distance b

4.21
Video Co
VCPS
method to
DVD+R/+

4.22
wobble
continuou

NOTE

4.23
zone

etween adjacent track centrelines, measured in a radial direction

htent Protection System

prevent unauthorized copying and/or redistribution of video data that is recorded in the
RW video format

5 sinusoidal deviation of the track from the average centreline

The location information is included as phase modulated data in the svebble.

annular arfea of the disk

5 Con

ventions and notations

5.1 Representation of numbers

A measur
instance,
- 0,02 allo|
Numbers
Numbers

The settin

Numbers
significant

bd value may be rounded off to the least significant digit of the corresponding specified value. H
t implies that a specified value-of 1,26 with a positive tolerance of + 0,01 and a negative tolerance]
ws a range of measured values from 1,235 to 1,274.

n decimal notations are represented by the digits 0 to 9.

n hexadecimal netation are represented by the hexadecimal digits 0 to 9 and A to F in parenthese

j of bits is.denoted by ZERO and ONE.

in binary notations and bit patterns are represented by strings of digits 0 and 1, with the m

or
of

*

st
bo

bit shown to the left. In a pattern of n bits, bit b,,_4 shall be the most significant bit (msb) and bit

shall be th

nificant bit lsbl_Bitb— chal ! 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 b(gp,.1) shall be recorded first.
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The names of entities, e.g. specific tracks, fields, etc., are given with an initial capital.

6 Abbreviated terms

bgether by
performed
rformed in

r between
Gbytes for

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

B Byte Position NSL Normalized Slicing Level

BRF Band Pass Filter OPC Optimum Power Control

CAV Constant Angular Velocity OTP Opposite Track Path

CUD Constant Linear Density PAA Physical Address in ADIR

Clv Constant Linear Velocity PBS Polarizing Beam Splitter

d.¢. direct current Pl Parity of Inner-code

DCB Disk Control Block PLL Phase Locked Loop

DCC d.c. Component suppression Control PO Parity of Outer<code

DOW Direct OverWrite PP Push-Pull

D$V Digital Sum Value pp peak-to-peak

ECC Error Correction Code PSN Physical Sector 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

FOCB Formatting DCB RS Reed-Solomon code

H High Frequency RSV, reserved

ID Identification Data (in use by specific applications)

IE ID Error Detection code RUN Recording UNit

LRF Low Pass Filter SNR Signal to Noise Ratio

LYB Least Significant Byte SPS Start Position Shift

Is least significant bit SYNC synchronization code

LYN Logical Sector Number

LWA Last Written/forwards-formatted

Address

MEB 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 t

an adhesive layer,-s0)that the recording layer(s) is (are) on the inside. The centering of the disk is

on the edge of the\eentre hole of the assembled disk on the side currently accessed. Clamping is pe
the¢ Clamping Zene. This International Standard provides for two Types of such disks.

Type S9 consists of a substrate, a dummy substrate and two recording layers with a space
them. Both recording layers can be accessed from one side only. The capacity is 8,55
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.
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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 an Spabcl qucl arecombined:

iEntrance surface

/

<«— Substrate
l«— Recording Layer 0
<«— Spacer / Adhesive Layer

<*———— Recording-Layer

<«— DummySubstrate

Type S9

Substrate

o Recording Layer 0
/ Spacer
4—‘{/ Recording Layer 1

<~ Adhesive Layer

‘S Recording Layer 1

Type D18

Spacer

) Recording Layer 0

Substrate

TEntrance surface

Figure 1 — Types of +RW DL disk

The efficigncy and data reliability of +RW DL disks can be improved by the use of Background Formatting ahd
Defect Mgnagement. An €éxample of such a system is referred to in Annex N.

Unauthorigzed copying{and/or redistribution of video data that is recorded in the DVD+R/+RW Video Format
can be prevented-byvapplying the Video Content Protection System as referred to in Annex O.

8 GeneratReguirements
8.1 Environments

8.1.1 Test environment

In the test environment, 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
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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
pdrametersin 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
relative humidity :3%1t085%
absolute humidity :1g/m3to 30 g/m3
atmospheric pressure : 60 kPa to 106 kPa
temperature gradient : 10 °C/h max.
relative humidity gradient : 10 %/h max.

N@ condensation on the disk shall occur. If the disk has been exposed’to conditions outside those specified in
this clause, it shall be acclimatized in an allowed operating environment for at least 2 h before use.

8.1.3 Storage environment

THe storage environment is defined as the environmentéwhere the air immediately surrounding the| disk shall
have the following properties:

temperature :-10&8C to 55 °C
relative humidity ;3% t0 90 %
absolute humidity 1 g/m3 to 30 g/m3
atmospheric pressure : 60 kPa to 106 kPa
temperature gradient : 15 °C/h max.
relative humidity gradient : 10 %/h max.

N@ condensation 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 Safety,requirements

THe disk¢shall satisfy the safety requirements of Standard ECMA-287, when used in the intended manner or in
anydoreseeable use in an information processing system.

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 be i i i i itten C
shall have a p-s intensity reflectance ratio of at least 100.

measurenmients on the layer under investigation. To cope with these effects, the photo detector'shall have
limited dimensions. Its length and width shall be between M x 9 um and M x 12 um,cwhere M is the
transversgl optical magnification from the disk to its conjugate plane near the quadrant photo|detector G.

During m’}:surements on one layer of a dual-layer disk, light reflected from the other layer can influence the

/
/1 i Read Channel 1
A >
G Hs
/ I
a b + + B ) Read ChannelZ
e Hy - "
Tangential
Iy le track S
direction Iy [y |1s |1y
G
A F |
A B C D E

Al Laser diode F Optical disc o

B[ Collimator lens G 4 quadrant photo detector

C| Polarizing beani’splitter H,, Hy, Hy, H, d.c. coupled amplifiers

D| Quarter-waye.plate s los 1o 1y Output currents from photo detector G
E[ Objectivelens 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

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

c) The objective lens shall be compensated for spherical aberrations caused by a parallel substrate with
nominal thickness (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)| Read power (average) 1,2mW 0,1 mW
(d.c. or HF modulated withra ffequency
>400 MHz)

i) [ Write power and pulse width see Annex G

i) | Relative Intensity Noise (RIN )* of the laser diode -134 dB/Hz max«

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

9.3 Read channel 1
Re¢ad channel 1 shall be provided to generate signals from the-marks and spaces in the recording layer. This
Re¢ad channel shall be used for reading the user-written information, using the change in reflectiyity of the
marks and spaces due to the phase change effect. The read amplifiers after the photo detectors il the Read
chiannel shall have a flat response within 1 dB from d.c. t6,20 MHz.

Fgr measurement of jitter, the characteristics of the'PLL and the slicer, etc. are specified in Annex E

9.4 Disk clamping

Fdr measuring, the disk shall be clamped between two concentric rings covering most of the Clamjping Zone
(s¢e 10.5). The top clamping area shall have the same diameters as the bottom clamping area (Figure 3).

< dout >

Figure 3 — Clamping and chucking conditions
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Clamping

din

shall occur between

0,5 0,0
=223mm ™" and  dgy =327mm

-0,0mm -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 taper

9.5 Rot

The actud
3,83 m/s A
counter-cl

The actud
paramete
Zone of th

ed cone angle, o, shall be 40,0~ = 0,97,

ation of the disk

| rotation speed for reading the disk shall be such that it results in the Reference velocity
0,03 m/s at the nominal Channel bit rate of 26,156 25 Mbit/s. The direction of‘rotation shall
bckwise when viewed from the objective lens.

| rotation speed (vactual) for writing the disk shall be such that it includes "all velocities for wh

of
be

ch

s are specified in the Physical format information in the ADIP Aux Frames in the Lead-in/Lead-¢ut

e disk (see 14.4.1.1 and 14.4.2).

9.6 Wo

Read chapnel 2 of the drive provides the wobble signals to control-thie access to addressed locations on
disk during writing. The wobble signal is generated in Read Channel 2 as a signal (/1 - I5) related to

difference| in the amount of light in the two halves of the exit(upil of the objective lens. The read amplifi
after the photo detectors in the Read channel shall have a flat response within 1 dB from d.c. to 20 MHz.

9.7 Tra

Read cha
optical be
difference|

The meth
For meas

be optimi
modulated

9.8 Reflerence servo systems

9.8.1 Ng

ble channel (Read channel 2)

king channel (Read channel 2)
hnel 2 of the drive provides the tracking error signals to control the servos for radial tracking of
in the amount of light in the twg halves of the exit pupil of the objective lens.
bd of generating the axial tracking error is not specified for the Reference Drive.
iring the disk characteristics, the focusing of the optical beam on the recording layer under test sh

signals (see 29.2:2).

rmalized servo transfer function

e
e
rs

he

am. The radial tracking error is generated in Read Channel 2 as a signal (/4 - ;) related to the

all

red for each recording layer independently. The criterion for the best focus shall be maximym

The open-loop transfer function, Hg(iw) for the axial and radial tracking servos is given by equation (1),

3io
1 2 1+ —
Hs (i) :§x(°_°_0j x— 20 (1)
10 1+ 10
30)0

where: i=4/-1, o=2nf and wg=2nfy

and

10

fo is 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:

Be
int
su

£ o= 1 \/amax

= — | —max.
21\ emax

cause the tracking error signals from the disk can have rather large variations, the traeking error

p each reference servo loop shall be adjusted to a fixed level (effectively calibrating the total |
ch to guarantee the specified bandwidth.

9.8.2 Reference Servo for Axial Tracking

Th
be

Fg
SC

e crossover frequency of the normalized servo transfer function (Hg)\for' axial tracking, fo = @
given by equation (2), where o5 is the maximum expected axial acceleration of 8,0 m/s?
Iitiplied by a factor m = 1,5 for servo margin. The tracking efror ey, caused by this mxo,

20 um.

us the crossover frequency f, shall be given by

_1 3 XM X tpay _1 3><1,5><86 = 2.1 kHz
21\ emax 21\ 0,20x10~

r an open loop transfer function H>of the Reference Servo for axial tracking, |1+H] is
hematically shown by the shaded region of Figure 4.

B3andwidth from 100 Hz to 10 kHz

|1

+H | shall be within 20% of)[1+H | .

Bandwidth from 26 HZ to 100 Hz

|1
1)

2)

+H | shall begithin the limits enclosed by the following four points.

41,7 dB-at100 Hz (|1+Hg| at 100 Hz - 20% )

452:dB at 100 Hz (|1+Hg| at 100 Hz + 20% )

signal fed
bop gain),

(2m) shall
| which is
, shall be

()

imited as

3)

4)

651dBat26 Hz (|1+Hg| at 26 Hz - 20% )

851dBat26 Hz (| 1+H| at 26 Hz- 20% + 20 dB)

Bandwidth from 9,5 Hz to 26 Hz

|1

©l

+H | shall be between 65,1 dB and 85,1 dB.
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452 L :
41,7 [T ;

9.8.3 Re

20 —
0 N\
Lo D —

1 95 26 100 1000 10000 100000
Frequency (Hz)

-10

Figure 4 — Reference servo for axial tracking

ference Servo for Radial Tracking

The crosspver frequency of the normalized servo transfer funetion (Hg) for radial tracking, fo = @ ¢ / (2r) sh

be given py equation (3), where a5 is the maximum expeécted radial acceleration of 1,1 m/s2, which

multiplied |by a factor m = 1,5 for servo margin. The tracking error e,y caused by this mxay 5y, shall

0,022 pum,

Thus the grossover frequency fy shall be given:by

fozzl\/%(mxocmax :L\/ 315N 1) 4 ke (:
T

For an o
schematio

€max 2

0,022x10°®

pen loop transfer fdnction H of the Reference Servo for radial tracking, [1+H| is limited
ally shown by the‘shaded region of Figure 5.

Bandwid{h from 100.Hz to 10 kHz

|1+H | sh

all be within 20% of | 1+H | .

all
s
be

Bandwid‘h 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 100 Hz (|1+H| at 100 Hz - 20% )

2)47,2dB at 100 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)
85,6

ISO/IEC 29642:2009(E)

80

65,6
60

47,2
43,7

Figure 5 — Reference servo for radial tracking

10 Dimensional characteristics

Dimensional characteristics are spgécified for those parameters deemed mandatory for interch
compatible use of the disk. Where there is freedom of design, only the functional characterist

20 \
0 | \%Q'/
_1 0 : !
1 95 282 100 1000 10000 100000

Frequency (Hz)

ange and
ics of the

elements described are indicated> The enclosed drawing, Figure 6 shows the dimensional requifements in

summarized form. The different parts of the disk are described from the centre hole to the outside rin
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2"transition area
Clamping zone
3"transition area
Information Zone
Rim area

L View A
1% transition area

— ds >
_— d5
—d,
—d—>

LY
%\ fjt( E hy e

View A - Transition areas and Clamping zone

View B - Rim area

Figure 6 — Physical disk dimensions

10.1 ReferencePlanes
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

Th

Th

e disk shall have an overall diameter (for 80 mm disk see Annex A)
d4 =120,00 mm % 0,30 mm
e centre hole of a substrate or a dummy substrate shall have a diameter (see Figure 7).

+0,15mm
dsubstrate =19,00 mm
=000mm

TH

Th
ch

TH

10

e hole of an assembled disk, i.e. with both parts bonded together, shall have a diameter

do = 15,00 mm min.

/jsubstrate R
il

Oy d

substrate

Figure 7 — Hole diameters for an assembled disk

e corners of the centre hole shal’be free of any burrs or sharp features and shall be roun
amfered by

hs = 0,1 mm max.
e thickness of the disk' shall be

+0,30 mm
eq =1,20,mm
-0,06 mm

.3 Eirst transition area

Hed off or

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.

©l
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10.4 Second transition area

This area shall 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 Cla

This Zone]
d5 E

Each side
Referencq

In the Cla

€2

10.6 Thi
This area
ds 7
In this are
hy 3
or below R

h2=

-------
shall extend between diameter d, and diameter
33,0 mm min.

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

mping Zone the thickness e, of the disk shall be

+0,20 mm
-0,1710 mm

=1,20 mm

rd transition area

shall extend between diameter ds and diameter
44,0 mm max.

h the top surface is permitted to be above Reference Plane Q by
0,25 mm max.

Reference Plane Q by

0,170 mm max.

The bottogn surface is permitted to be above Reference Plane P by

h3=

or below R

0,170 mm max.

Reference Plane P by

0:25 mm max.

h4=

10.7 Information Zone

The Information 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

of
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10.7.1 Sub-division of the Information Zone

Th

e 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.

TH

at|diameter

wh

TH
as

TH

digmeter

€ beginning of the Data Zone on Layer U and the default end of the Data Zone on Layer 1 shall be located

— +0,00mm
dg = 48,00 MM 0’40 mm -

ich is the end of the Lead-in Zone on Layer 0 and the default beginning of the Lead-out,Z6ne on |j

e Lead-out Zone shall start immediately after the Data Zone on Layer 1 and end at,about the san
the start of the Lead-in Zone (see also 16.1).

ayer 1.

e location

e end of the Data Zone on Layer 0 and the beginning of the Data Zone'on Layer 1 shall be [located at

dg = 116,00 mm max,

which is the beginning/end of the Middle Zones (for 80 mm disk se€/Annex A).
THe radial 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

| | I |

' I ' AR ! Middle Outer Drive

I Lead-out Zone : Data Zone I :(_Zone 1 Area 1
Layer 1 [T < | ==

| Final Zone ] |

| | | spiral direction | . .
Spgcer | ! I | Middle Outer Drive

| Lead-in Zone ' Data Zone | Zone0  Area0
Layer 0 [ITATTATHEL [\ ——

| Initial Zohe/, | ool dreciZ:

piral direction
Sulpstrate
Optical ntrance 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

he = 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

h7 ¥ 0,2 mm max.

10.9 Remark on tolerances

All height$ specified in the preceding clauses and indicated by h; are independent from @ach other. This
means that, for example, if the top surface of the third transition area is below Reference Plane Q by up to i,
there is np implication that the bottom surface of this area has to be above Refereneé Plane P by up to hs.

Where dimensions have the same - generally maximum - numerical value, this dogs\not imply that the actdial
values haye to be identical.

11 Mechanical characteristics

11.1 Mass

The mass|of the disk shall be in the range of 13,0 g to 20,0 g.(for 80 mm disk see Annex A).

11.2 Moment of inertia

The moment of inertia of the disk, relative to its rotation axis, shall not exceed 0,040 g-m? (for 80 mm disk see
Annex A).

11.3 Dynamic imbalance

The dynarmnic imbalance of the diski.rélative to its rotation axis, shall not exceed 2,5 g-mm (for 80 mm disk see
Annex A).

11.4 Axipl runout

When mepsured by-thé optical system with the Reference Servo for axial tracking, the disk rotating at ﬂ:e
Referencg velocity~of' 3,83 m/s (see 9.5), the deviation of each recording layer from its nominal position in the
direction rformal to the Reference Planes shall not exceed 0,30 mm.

11.4.1 Trackingrequirements-at-theReference-vetocity(EEWH
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 © ISO/IEC 2009 — All rights reserved
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.5 Radial runout

e 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

ng

TH

TH
an

TH

12

TH

TH

Th
re
the
Th

m

2.2 Thickness of the substrate

t exceed 0,015 um.
e measuring filter shall be a Butterworth LPF,
f. (-3 dB) : 1,1 kHz, with slope : -80 dB/decade.

e rms noise value of the residual error signal in the frequency band from 1,1 kHz to 10 kHz, mea
integration time of 20 ms, using the Reference Servo for radial tracking, shallnot exceed 0,016 p

e 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.

) Optical characteristics in the Information Zone

.1 Index of refraction
e index of refraction IR of the substrate in the Information Zone shall be 1,55 + 0,10.

e index of refraction of the spacer shallbe (IR + 0,10)

e thickness of the substrate or the thickness of the substrate + the spacer, from the entrance surl
cording layer concerngd) varies with the index of refraction of the substrate/spacer and shall be
b enclosed region in‘Figure 9.

+15um

“10um” Within each side of a disk, this thickness sha

e thickness of-the spacer shall be: 55 pum

bre than 10 um pp.

sured with
m.

ace to the
defined as

Il not vary
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- (1,45;0,575)

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

Thickness| Lver 1
(mm) _| . y

D A _

0,620 5

@®

o

)

©

(]

0,600 Nominal thickness E

of Spacer (55 pum) S

7] S

?

- 2

0,580 N g

\ . E

I

35

£

X

©

=

“““ -~ 1(1,65; 0,562)
. Layer O
0,560 (1,56; 0,562)— y
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 Refllectivity

The douljle-pass optical transmission of thexinvolved layers and the reflectivity of the recording layer
concerned are measured together as the reflectance R of that recording layer. When measured according|to
Annex C the value of R shall be in the Infermation Zone

0.0$<Ry<0.10 in theyunrecorded groove on Layer 0 and Layer 1
(inyan area where both layers are unrecorded),

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

R
posftion on LO and L1): 0,80 < —3£0 <125
Ra,L1

0.05 <R44H<0.10 in the recorded groove on Layer 0 and Layer 1
(in an area where both layers are recorded),

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
according 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 with the entrance surface.

Substrate

Recording layer

Entrance-surface

g

Reflected beam

Incident beam

Figure 40 — Angular deviation o

THe angular deviation shall be

In radial direction: |a| = 0,70° max .

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

In tangential direction: la| = 0,30° max.

13 Data format

THe data‘received from the host, called Main Data, is formatted in a number of steps before being rgcorded on
the disk.

It isTransformed successively into
— aData Frame,

— a Scrambled Frame,

— an ECC Block,

— 16 Recording Frames,
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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
bytes, an
Detection

2 rows

Code (EDC). The 2 048 Main Data bytes are identified as Dy to Dy g47-
172 bytes
4 2 6
bytes | bytes | bytyes
1 ID IED RSV Main data 160 bytes (Dg\D159)

Main data 172 bytes (D1gg - D331)

Main data 172 bytes (D332 - D5p3)

Main data 172 bytes (Dsg4 vDg7s)

Main data 172 bytes (D676 3 D847)

Main data 172 bytes (D848 - D1 019)

Main data 172 bytes (D1 020 - D1 191)

Main data 172 bytes (D1 192 - D1 363)

Main data 172 bytes (D4 34 - D1 535)

Main data172 bytes (D1 536 - D1 707)

Main‘data 172 bytes (D1 708 - D1 879)

Main data 168 bytes (D1 880 - D2 047)

EDC

Figure 11 — Data Frame

13.1.1 Idéntification Data(lD)

This field

see Figure 12.

22

(msp)b’,

b?A b 23

shall consist-of four bytes, the bits of which are numbered consecutively from by (Isb) to bzq (ms

bo (Isb)

4 bytes

RSV bytes, followed by 160 Main Data bytes. The next 10 rows shall each contain 172 Main/Data
i the last row shall contain 168 Main Data bytes followed by four bytes for recording af Er

for

Sector Information

— Physical Sector Number

—>

b3 b3o by b2s b7 b,e b2s b4
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 b3 shall be set to ZERO, indicating a CLD format

Bit bsg shall be set to ONE, indicating groove tracking (see clause 14)

Bit bog shall be set to ONE indicating that the reflectance is less than 40 %
Bit bog shall be set to ZERO

Bifs by7 to byg  shall be set to

Bi

Bi

TH

TH

13

W

wh

13

TH
ap

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

bos shall be set to ONE, indicating Rewritable data.
bo4 shall be set to ZERO on Layer 0
ONE on Layer 1
e least significant three bytes, bits b,z to bg, shall specify the.Physical Sector Number in binar

e Physical Sector Number of the first Physical Sector of annECC Block shall be an integer multiple

.1.2 ID Error Detection Code (IED)

hen identifying all bytes of the array shown in Figure 11 as C;; for i = 0to 11 and j = 0 to 171, th
D are represented by Cg ; for j = 4 to 5. Their-setting is obtained as follows.

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

3 )
ere I(x)= ZCOJX:S’/ and Gg(x)=(x+1)(x+ a)
j=0
s the primitive root'ef-the primitive polynomial P(x) = x8 + x4 + x3 + x2 + 1

.1.3 RSV

is fieldwshall consist of 6 bytes. The first byte may be set by the application. If not specifi
plication, it is reserved and shall be set to (00). The remaining 5 bytes are reserved and shall al

notation.
of 16.

e bytes of

ed by the
be set to

0

D).

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

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

13.1.4 Error Detection Code (EDC)

these are

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

©l
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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:

where

31 )
EDC(x)= Y b; x' =I(x) mod G(x)

i=0

16511

I(x) = Zbixi and G(X)=X32+X31 +x4+1

(=32

13.2 Scrlambled Frames

The 2 048

of a feedbpck bit shift register in which bits r; (msb) to rq (Isb) represent a scrambling byte at eacht 8-bit shift

At the bepinning of the scrambling procedure of a Data Frame, positions rq4 to rg shall be pre-set to

Main Data bytes shall be scrambled by means of the circuit shown in Figure 13 which shall-congist

o)

\f

M4 |13 | T2

M4 |T0| To | T8

fg | 5| Iy

r3

N2 | M1cto

A A 4 \ 4

A 4

A 4 A4 \ 4

S, at each 8-bitshift

Figure 13 — Feedback shiftiregister

e

value(s) specified in Table 1 (the msb of the pre-set valueishall be discarded). The same pre-set value sHall

initial pre-
Frame. T
numbers.

be used f}r 16 consecutive Data Frames. After 16 groups’of 16 Data Frames, the sequence is repeated.

e

et number is equal to the value represented by bits b; (msb) to b, (Isb) of the ID field of the Data

ble 1 specifies the initial pre-set value of the shift register corresponding to the 16 initial pre-

Table 1. == Initial values of the shift register

set

Initial pre-set™ [~Initial 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)
) (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 =D® Sy fork=0to 2047

24

(@ 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,J for i = 0 to 207 and j = 172 to 181 are bytes of the Parity of Inner Code

PI
L 172 bytes >« 10 bytes—P
A
BO,O BO,1 BO,170 BOJ71 BO,172 BO,181
B1,0 B1,1 B1,170 B1,171 B1,172 B1,181
Bz,o 82,1 B2,170 B2,171 Bz,172 Bz,181
192 rows
B‘IBQO B1891 B189170 B189171 B189172 B189181
B‘IQQO B1901 B190170 B190171 B190172 B190181
v B191,O B191,1 B191,170 B191,171 B191,172 B191,181
? B1920 B1921 B192170 B192171 B192172 B192181
PO 16 rows
¢ B207,0 B207,1 B207,170 B207,171 BZOZ172 B207,181

Figure 14 — ECC Block

THe PO and PI bytes shall be obtained as follows.

Infeach of columns j = 0 to 171, the 16 PO bytes are defined by the remainder polynomial Ry(x) tp form the
outer code RS '(208,192,17).

207

R;(0)= >By x*"" =1;(x) x"® mod Gpg (x)
=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

m3ai+int[i/12] andn=j fori<191
mq13x(i-191)-1 andn=j fori> 192
where int [x] represents the largest integer not greater than x.
Thus the [37 856 bytes of an ECC Block are re-arranged into 16 Recording Framées\.of 2 366 bytes. Each
Recordind Frame consists of an array of 13 rows of 182 bytes.
< 182 bytes >
T S Boart | Boro] - -« - - Bo 161 T
13| & =~ Recording
rows$ Frame O
Bigg | «vrei Biith | Broaza | -+ -+ - Bi1 181
P Byoo 171 [Brepaza | - v v - Bioz.181
T Biog | v Bipi71 | Brogra | - - - - B1z 11 T
13 = = Recording
rows Frame 1
Bagg [ --v-vr Bos 171 | Bagaza| - - - - - By 181
B193,0 ................... B193,171 B193’172 ..... B193,181
= __— Recording
=4 “ Frames 2 - 14
T ann """""""""" B1Rn171 B1Rn177 """ an 181
13 = = Recording
rows Frame 15
Bigrg | s rrrrrre e Big1.171 [Brotaza | + ¢ - - - B1g1.181
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

TH
Fr
91
bit
re

16-bit Code Word pattern: 0‘1 ‘0‘0‘ 1‘ o‘ 0‘0‘ 1‘0‘0‘0‘0‘ 1‘ 0‘ o‘
NRZ converted signal:

NRZI converted pulses:

.6 Physical Sectors

]

Figure 16 — NRZI conversion

8-bit 16-bit . 16 channel®its
bytes Code Words NRZ EXC“ﬁxe'OR NRZI convented:pulses
———» modulator > , > >
conversion
1T P
T = 1 channel clock period delay

e structure of a Physical Sector is shown ip\Figure 17. It shall consist of 13 rows, each comprising
ames. A Sync Frame shall consist of a SYNC Code from Table 2 and 1 456 Channel bits re
8-bit bytes. Each row of the Physical(Sector shall consist of two Sync Frames with the first 1 45
5 representing the first 91 bytes ©f yeach row of a Recording Frame and the second 1456 Ch
bresenting the second 91 bytes of each row of a Recording Frame.

two Sync
bresenting
b Channel
annel bits
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«— 32> 1456 «~ 32— 1456
SY0 SY5
SY1 SY5
SY2 SY5
SY3 SY5
SY4 SY5
SY1 SY6

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

<—— Sync Frame

Figure 17 — Physical Sector

Sync Frame ———
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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
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

(S07 SE S0y (1857
5Y0 = 0001001001000100 0000000000010001 / 0001001000000100 0000000000010001
SY1 =0000010000000100 0000000000010001 / 0000010001000100 0000000000010001
SY2 = 0001000000000100 0000000000010001 / 0001000001000100 000000000001000/1
5Y3 = 0000100000000100 0000000000010001 / 0000100001000100 0000000000010001
5Y4 = 0010000000000100 0000000000010001 / 0010000001000100 0000000006040001
SY5 = 0010001001000100 0000000000010001 / 0010001000000100 000000Q0Q0010001
SY6 = 0010010010000100 0000000000010001 / 0010000010000100 0000€60000010001
5Y7 =0010010001000100 0000000000010001 / 0010010000000100 0000000000010001

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

Primary SYNC codes Secondary SYNC codes
(msb) (Isb) (msb) (Isb)
SYO0 = 1001001000000100 0000000000010001 / 100100.1001000100 0000000000010001
S5Y1 =1000010001000100 0000000000010001 / 1000610000000100 0000000000010001
S5Y2 =1001000001000100 0000000000010001 / 160.1000000000100 0000000000010001
SY3 = 1000001001000100 0000000000010001.4:+000001000000100 0000000000010001
S5Y4 = 1000100001000100 000000000001000'+7 1000100000000100 0000000000010001
S5Y5 = 1000100100000100 0000000000040001 / 1000000100000100 0000000000010001
S5Y6 = 1001000010000100 0000000000610001 / 1000000001000100 0000000000010001
SY7 = 1000100010000100 0000000000010001 / 1000000010000100 0000000000010001

13.7 Layout of a Recording UNif (RUN)

A RUN shall consist of an integer humber (M > 1) of sets of 16 Physical Sectors, each from a single E(
Block. The M ECC Blocks shall be preceded by 8 Channel bits, which are meant to reduce possi
influenceg of inaccuracies-of the linking point, while the last 8 Channel bits of the last Physical Sector shall
discarded|at recording/The 8 linking Channel bits and the next SYNC Code SYO (chosen from State 1/2
State 3/4)[shall be ch@sen 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:
8 Chanpelbits for linking in ECC Block N-1,

of

CC
ble
be
or

full ECC.Blocks NtoN + 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
(00).

to
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8T theoretical start position

M ECC Blocks

ctual start position |« P

13

).

Ea

RWNs shall be mapped onto the ‘structure of tracks (see 14.4), such that the Physical Sector Numb
which the 2 least significant bits have been discarded, correspond to the local Physical Addreg
(PAA). In mathematical form: PSN = 4xPAA + i, where i = 0, 1, 2, or 3 (for example: Physical Secto
B0000) to (030003)-carrespond to Physical ADIP Address (00C000)).

of
(0

TH
W(
pa
W(

Channel
bits

ECC Block ECC Block

i last 8 (
:ChanﬁaJ
1 i *

N N+M -1

1
.

;,4 »

A

» <€

to be recorded to be
discarded
at recording

:2009(E)

N

ECC Block
N-1

ECC Block ECC Block ECC
N+M-1 NpfM

N

Block

N

TH

previous recording (if existent) is overwritten

.7.1 Recording Unit position

e reference for'the theoretical start positions is wobble 15 following the ADIP word sync unit of
rds of which-the 2 least significant address bits are 00 (see 14.4.1.1 and Figure 22). The theor
sition is.8.Channel bits after the nominal position of the zero crossing in the middle of the above
bble 45.0f the wobble signal from Read channel 2.

e_start of each recording shall

Figure-18 — Recording Unit

ch ECC Block, consisting of 16 Physical Sectors, shall correspond to 4 ADIP words (see 14.4.1.1).

be within + 5 Channel bits of the theoretical start

During writing the Channel bit clock shall be phase locked to the wobble frequency.

13.8 d.c. component suppression control

ers (PSN),

s in ADIP
Numbers

the ADIP

btical start
mentioned

position.

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

sh

all be set to 0.
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The different ways of diminishing the current value of the DSV are as follows:

a) Choice of SYNC Codes between Primary or Secondary SYNC Codes.

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

c) 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 tq
start with
SYNC Co
difference

In the cajg
computed
lowest | D
bit byte is
C) occurs.

Whilst cag
streams a
2 or 3inst

1) Comp
2) If the
strear

repres

3) Ifthe
C)is i

In both ¢
implemen

The proce
1) At the
DSVs
other
are in

Optionally

between the bit patterns of the Primary and Secondary SYNC Codes.

ead of 1 or 4. In that case the following 3-step procedure shallde applied:

are the | DSV | s of both streams.

entations of the next 8-bit byte is entered into. this' stream and the other into the other stream.

nored and the 8-bit byte is representediaccording to the prescribed State.

ases b) and c), if the |DSV s ‘afe equal, the decision to choose Stream 1 or Stream 2
ation-defined.

dure for case a) shall be as)follows:

of both streams.are compared. The stream with the lower |DSV/| is selected and duplicated to
berted eachtinione of the streams.

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

2) Ifthe

Code

at the beginning of the Sync Frame is changed from Primary to Secondary or vice versa. If th

|DSV| of the stream in which case c) occurs is;smaller than that of the other stream, then the
n in which case c) has occurred is chosen and” duplicated to the other stream. One of the

| DSV of the stream in which case c¢) hasoccurred is larger than that of the other stream, then case

end of each Sync.Frame, whether or not case b) and or case c) have occurred, the accumulatd
e

stream. Then/the/next Primary SYNC Code and the Secondary SYNC Code of the proper categgr

usethese poussibitities; twodatastreams;-Streant—and-Strearm 2, are generated—Strearm—t—shall
the Primary SYNC Code and Stream 2 with the Secondary SYNC Code of the same category|of
des. As both streams are modulated individually, they generate a different DSV because\of the

bes b) and c), there are two possibilities to represent a 8-bit byte. The DSV ofyéach stream|is
up to the 8-bit byte preceding the 8-bit byte for which there is this choice. The, stream with the
SV | is selected and duplicated to the other stream. Then, one of the representations of the next|8-
entered into Stream 1 and the other into Stream 2. This operation is repeated/each time case b)|or

e b) always occurs at the same pattern position in both streams, case ¢) may occur in one of the
hd not in the other because, for instance, the next State prescribed by the previous 8-bit byte can pe

S

y

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

S

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

30
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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 Clauses 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

ce

trelines, called wobble, which contains addressing information

TH
TH

and end at a radius of 58,75 mm min (for 80 mm disk see Annex A).

14

On Layer 0 the track path shall be a continuous spiral from the inside (beginning of the Lead-in Zg
outside (end of the Middle Zone) when the disk rotates counter-clockwise asviewed from the optical

On Layer 1 the track path shall be a continuous spiral from the outside _(beginning of the Middle Zg

ing
14
TH
in
Int
14
TH
4.4

0S

TH
m

14.4.1 ADIP information

TH
TH
m

1

e tracks shall be continuous in the Information Zone.
e groove tracks shall start at a radius of 22,00 mm max.

.2 Track path

ide (end of the Lead-out Zone) when the disk rotates counter-clockwise as viewed from the optics

.3 Track pitch

e track pitch is the distance measured between the average track centrelines of adjacent tracks,
the radial direction. The track pitch shall be 0,74 >um =+ 0,03 um. The track pitch averageg
ormation Zone shall be 0,74 ym + 0,01 um.

.4 Track layout

e wobble of the tracks is a sinusoidal deviation from the nominal centrelines, with a wav
591 2 um + 0,045 0 um (equivalent jto 32 Channel bits). The Total Harmonic Distortion (TH
cillator for generating the wobble sine wave shall be < -40 dB.

e wobble is phase modulated by inverting wobble cycles. The information contained in th
bdulation is called Address=in-Pregroove or ADIP (see 14.4.1.1).

e data to be, fecorded onto the disk must be aligned with the ADIP information modulated in th
erefore 93)wobbles shall correspond to 2 Sync Frames. Of each 93 wobbles, 8 wobbles
bdulated-with ADIP information (see Figure 19).

ne) to the
head.

ne) to the
| head.

measured
over the

blength  of
D) of the

e wobble

e wobble.
are  phase

vobble equals 32 Channel bits (= 32T)

on

©l

& ADIPUNnit="38 modulated WobbIeS per 2 Sync Frames
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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

14.4.1.1 |ADIP word structure

52 ADIP Units are grouped into one ADIP word each.
This mearnps that one ADIP word corresponds to 4 x 13 x 2 Sync Frames = 4 Physical Sectors.

Each ADIP word shall consist of: 1 ADIP sync unit + 51 ADIP data units (s€e Figure 20).
ADIP syng¢ unit = 4 inverted wobbles for word sync + 4 monotone wobblés,
ADIP datd unit = 1 inverted wobble for bit sync + 3 monotone wobbles * 4 wobbles representing one data bif.

(see 14.411.3)

wobble 0 | wobbledito 3 | wobble 4 to 7
t 0 sync unit word syn¢ 0 0
data unit bit sync data bit 1
ADIP data unit bit sync data bit 2 4 Physical

4 word : ) : : Sectors 1
ADIP : : : : ECC
wards 4 data unit bit sync data bit 51 2 Block

L \

Figure 20 — ADIP word structure

The inforrpation contained in the data bits is as follows:

bit 1: this bit is reserved and shall be set to ZERO.

bits 2 to 23: 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.

32 © ISO/IEC 2009 — All rights reserved


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

ISO/IEC 29642:2009(E)

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), which is the first address
corresponding to the Data Zone on Layer 1, shall be located at a radius 58,00 mmpax (for 80
mm disk see Annex A).
bits 24 to 31: 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 logated in an ADIP word with a
Physical ADIP Address that is a multiple of 256 (Physical ADIP Address = (xxxx00)).
In the Lead-in/Lead-out Zone and the Inner Drive Areas of-the disk the auxiliary bytgs shall be
used for storing Physical format information. The contents-of the 256 bytes are 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\for such purpose all bytes shall be setfto (00).
In the Middle Zones / Outer Drive Areas of,the disk the auxiliary bytes shall be set to|(00).
bits 32 to 51: these 20 bits contain error correction parities for the ADIP information (see 14.4.1.R).
14.4.1.2 ADIP error correction
Fgr the ADIP error correction.‘ the ADIP data bits are grouped into 4-bit| nibbles.
THe mapping of the data bits into the_nibble array is defined in Figure 21. Bit 0 is a dummy bit, whigh shall be
considered as set to ZERO for the error corrector.
nibble Ng bit 0 bit 1 bit 2 bit 3 0
nibble N1 bit 4 bit 5 6 ADIP
nibbles address
bit 20 bit 23 \
bit 24 T2 AUX
nibble N7 bit 28 bit 31 ! nibbles data
ibble Ng Bt 32 t nibble
5 based
nibbles R-S
nibble N12 bit 48 bit 49 bit 50 bit 51 \2 ECC
Figure 21 — ADIP error correction structure
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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 prjmitive root 0010 of the primitive polynomial P(x) = x* + x + 1

All bits of the 5 parity nibbles Ng to N4, shall be inverted before recording.

14.4.1.3 |ADIP modulation rules
The ADIP|units are modulated by inverting some of the 8 wobble cycles:
— PW ig a positive wobble, which shall start moving towards the inside of the disk.

— NW ig a negative wobble, which shall start moving towards the outside of thedisk.
— all mgnotone wobbles shall be PWs.
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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 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 | wobhle
92 Q 1 2 3 4 7 8
1 NW 3 PW 2 NW 2 PW
Figure 22 — ADIP modulation rules

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 vlriie strategy s ot applicabtetotayer—+-

Alternativg write strategies for a layer can be defined in one of the Extended Information blocks contained
the Physigal format information on that specific layer.
For this vé@rsion of this document the N/2 write strategy as defined in Annex G.2 shall be applied-to Layer 1.
Table 3 — Physical format information
Byte Content Number
number of bytes
) Disk Category and Version Number 1
Disk size 1
p Disk structure 1
B Recording density 1
41915 Data Zone allocation 12
16 General Flag bits 1
17 Disk Application Code 1
18 Extended Information Indicators 1
191p 26 Disk Manufacturer ID 8
27 tb 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 Rrimmary 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 g4 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

n
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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
51 dTera 4 €rase lead/lag time when preceding mark length = 4T 1
52 to 63 Reserved - All (00) 2
64 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

is version of this document specifies one type of disk, with{one primary recording velocity. The following

type of disk (characterized by the so-called X-speed) has new been defined and its ADIP shall contain the EI

BI

basic write strategy 2,4x write strategy remarks
type of disk bytes 32 to 63 El block Format 3
/ . this disk shall be suited|for
“2,4x” on Laggj: + on Layer 0: recording speeds of
on Layer 1: - on Layer 1: + 9.20 m/s
+ shall be present — shall not be used
14.4.2.1 General information — Bytes 0 to 31

By

bcks as indicated in Table 4.

Table 4 —<"Types of disks

rte 0 - DiskCategory and Version Number

Bifs b7 tohz* shall specify the Disk Category,
bit b; shall be set to 1 indicating a disk according to the +R/+RW 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 ps
Bit bg

Bits b3 to pg

Byte 3 - Recording density

Bits b7 to D4

Bits b3 to Do

Bytes 4 t¢ 15 - Data Zone allocation

Byte 4
Bytes 5 to] 7
Byte 8
Bytes 9 to] 11

Byte 12

Bytes 13 to 15 shall be set t0y(22D7FF) to specify PSN 2 283 519 as the last possible Physical Sector of thg

Byte 16 - General Flag bits

Bit b,

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.

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

shall be set to (00).
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 Sector of the
Data Zone.
shall be set to (00).

Data Zopée.on Layer 0 (for 80 mm disk see Annex A).

shall be set to ZERO

Bit b

Bit b

Bits b4 to bO

38

shall specity It the disk contains Extended tormat 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.

By
Bi

Bi

By

Th
thg

If {
By

Di

type of disk is denoted in this field by charactersifrom the GO set + SPACE according to 1SO/

Tr|
If {
N(
diff
be
By

TH

Manufacturer ID and-the same Media Type ID, regardless of Product revision numbers, must have

re
re

If

(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.

te—4+8—ExtendedHns tiom-indicat

s b;tobg are reserved and shall be set to 00

sbstoby 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 + ix32)
(95 +ix32), is in use. Else bit b; shall be set to 0.

Ites 19 to 26 - Disk Manufacturer ID

ese 8 bytes shall identify the manufacturer of the disk. This name shall be represented by chara
b GO set + SPACE according to ISO/IEC 4873. Trailing bytes not,used shall be set to (00).

he Disk Manufacturer ID is not used these 8 bytes shall be sét to (00)

ites 27 to 29 - Media Type ID

5k manufacturers can have different types of media-which shall be specified by these 3 bytes. T
hiling bytes not used shall be set to (00).

he Media Type ID is not used these 3 hytes shall be set to (00)

TE If bytes 19 to 29 are used(for" disk identification, disks with different characteristics shall be i
erent and unique combinations of Disk Manufacturer ID / Media Type ID. Therefore the content of bytes 19
approved by the licensors of thestRW system.

Ite 30 - Product revisionnnumber
is byte shall identify’ the product revision number in binary notation. All disks with the s

cording properties (only minor differences are allowed: Product revision numbers shall be irrg
corders). The~content of this byte can be chosen freely by the disk manufacturer.

hot usedthis byte shall be set to (00)

By

cters from

he specific
EC 4873.

entified by
to 29 shall

ame Disk
the same
levant for

ite- 31 - 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.

©l
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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=

It shall be
set

Byte 33 -

This byte
such that

NOTE
power shal

P =07+

Byte 34 -

Pinp is the starting value for the determination of Pyyqe Used in the OPC algorithm, see Annex |.

This byte
such that

n -
Byte 35 -

This byte
algorithm

n:

Byte 36 -

V .
=[20 x (P, - 0,7) and n>10x /M
Vreference

4 % Vprimary (N rounded off to an integral value)

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

shall specify the maximum nominal read power P, in milliwatts at the Primary-welocity as a numbe

At reading speeds lower than the Primary velocity of 2,4x,¢such as e.g. at 1x Reference velocity, the reg
be reduced to prevent degradation of the recordings on the, disk. A safe value for the nominal read powe

\"
D,5 x fL‘Ja' (see also 29.3).
Vreference

P\nD at Primary velocity

4 x (Pinp - 10)
p at Primaryvelocity

shall specify the Write power multiplication factor p at the Primary velocity used in the Of
see Annex |) as a number n such that

shall specify the indicative vatue Piyp of Paget in milliwatts at the Primary velocity as a number

S

100 % p

g4 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=

40

200 x g4
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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

ala

y—releeiy—tsed—n—the-ORC-algerithm (see

Tr:n b4 baoll o ot toraat ol for otk
ISTUYyICSTTAaT SPTUITy e targC T varaCTOT 77 Ytarget ac uarc

Arnnex I) as a number n such that
n =20 x Ttarget
Byte 39 - Boptimum at Primary velocity

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

n =100 x (Boptimum + 1)

Byte 40 - Reserved - (00)

THis byte is reserved and shall be set to (00).
Byte 41 - Reserved - (00)

THis byte is reserved and shall be set to (00).
Byte 42 - 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
expressed in fractions of the channel\bit clock period as a number n such that

n=16th°%W and 3<n<15

Byte 43 - Tryp multipulse duration

THis byte shallspecify the duration of the second and next pulses of the multi pulse train (see Apnex G.1).
THe value is_expressed in fractions of the channel bit clock period as a number n such that

n=16me%W and 3<n<13

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=

(po

16 x thopv%W and -8<n<15

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

Byte 46 -
When the
the multi g

value is e
that

(po

Byte 47 -
When the

pulse train
expresseq

(po

Byte 48 -

When the
pulse train
expresseq

(po

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

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

dT), last pulse lead/lag time for any runlength > 5T

current mark is a 5T or longer mark, this byte shall specify the lead or lag time of the last pulse
ulse train relative to the leading edge of the last Channel bit of the data pulse (see Annex G.1). T
kpressed in fractions of the Channel bit clock period as a two’s compliment binary-humber n sy

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

Sitive numbers indicate a lead time, negative numbers indicate adagtime)
dT), 3 last pulse lead/lag time for runlengths = 3T

current mark is a 3T mark, this byte shall specify the-lead or lag time of the last pulse of the m
relative to the leading edge of the last Channel bit\0f the data pulse (see Annex G.1). The value
in fractions of the Channel bit clock period as a two’s compliment binary number n such that

Sitive numbers indicate a lead time] negative numbers indicate a lag time)
dT)p 4 last pulse lead/lag time:for runlengths = 4T

current mark is a 4T mark, this byte shall specify the lead or lag time of the last pulse of the m
relative to the leading-edge of the last Channel bit of the data pulse (see Annex G.1). The value
in fractions of thezChannel bit clock period as a two’s compliment binary number n such that

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

of
he
ch

It
s

Ulti
s

Byte 49 -

dl., 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 dTer%W and -8<n<15

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

42
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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)

By

TH
Arn
clg

By

TH

fte 51 - dT¢, 4 €rase lead/lag time when preceding mark length = 4T

is byte shall specify the lead or lag time of the erase pulse relative to the trailing edge of the data
nex G.1), when the preceding runlength is a 4T mark. The value is expressed in fractions of the C
ck period as a two’s compliment binary number n such that

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

(positive numbers indicate a lead time, negative numbers indicaté a lag time)
rtes 52 to 63 - Reserved - All (00)

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

.4.2.3 Extended Information blocks - Bytes (64:%'ix32) to (95 + ix32)

with i = 0 to 5)

Extended Information (El) blocks are meant-to facilitate future extensions. Each such block cons
bytes. These bytes can hold for instance parameters for alternative write strategies or other
parameters. If a set of parameters doés not fit in one Extended Information block, additional cq

bl

Th
Ex

By

te (64 + ix32)

cks can be added, which additionalblocks are identified by a Continuation bit.

e presence of an Extended )information block shall be indicated by the appropriate bit in bytg
tended Information block\is/not used, all 32 bytes shall be set to (00).

Extended Information block i Format number / Continuation bit

bulse (see
hannel bit

ists of 32
advanced
ntinuation

18. If an

Bits bg to bg indicate the Format number which identifies the definitions of the dafa in bytes

(65 + ix32) to (95 + ix32).

If bit b7 is set to ONE, the related Extended Information block is not an indepen

dent block
mber in a

but a continuation of the preceding Extended Information block. The Format ny

blaclk -chall b ik PPN otk Eoroaat o

caobinatiaon o $ Heabariath = diaa
COTMOTTOatoTT DTOCI STian DT e Sarc—asS™ aic— T orratc oo i o procCTuiTTy

Information block.

Extended

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

Bytes (65

14.4.2.3.1
This Exte
Annex G.
speed equ

If a layer
to (00) an

On Layer
Byte 18 -

This byte

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.

+ix32) to (95 + ix32)

Each parameter set defined for these bytes shall be identified by a unique Format number.

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

ivalent to 2,4 times the basic DL DVD speed (2,4x3,83 m/s).

| related Extended Information indicator bits set to ZERO).
D this EI block shall not be used.

Extended Information indicators

44

. The parameter set defined in this Extended Information block shall be applied at a recording

Shall be set to xxxx xxx1 indicating Extended Information block 0 is incuse.

can not be recorded under these “2,4x N/2” conditions, this El block shall not be usedi(all bytes et
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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)

69 Reserved - (00)

70 Maximum read power at Primary velocity

71 P\np at Primary velocity

72 p at Primary velocity

73 ¢ at Primary velocity

74 € at Primary velocity

75 Vtarget @t Primary velocity

76 B optimum at Primary velocity

77 Reserved - (00)

78 Reserved - (00)

79 Tmp multi pulse duration fot:any runlengths > 4T

80 Tiop first pulse durationfor any runlengths > 4T

81 Ttop,3 first pulse duration for runlengths = 3T

82 Tip,3 last pulse duration for runlengths = 3T

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

84 dTyop,5 first pulse lead/lag time for runlengths = 5T

85 dTiop,4 first pulse lead/lag time for runlengths = 4T

86 dT1ep,3 first pulse lead/lag time for runlengths = 3T

87 dTjp o last pulse lead time for runlengths = 5T, 7T, 9T & 11T

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

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

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

91 dTera 3 erase lead/lag time for runlengths = 3T

921095 Reserved - All (00) 4

Byte64=Extended-informatiomblock- O-Continuatiom bit 7 Format mombrer

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)

© ISO/IEC 2009 — All rights reserved
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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 =

It shall be
set

Byte 68 -
This byte
Byte 69 -
This byte
Byte 70 -

This byte
such that

NOTE
power shal

P =07+

Byte 71 -

Pinp is the starting value for the determination of Pyyqe used in the OPC algorithm, see Annex |.

This byte
such that

n-=
Byte 72 -

This byte
algorithm

n=

Byte 73 -

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

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

Reserved
s reserved and shall be set to (00)
Reserved
s reserved and shall be set to (00)

Maximum read power, P, at Primary velocity

shall specify the maximum nominal read power P, in milliwatts at.the)Primary velocity as a numbe

V N
20 x (P,—0,7) and n> 10x /M
Vreference

At reading speeds lower than the Primary velocity-of'2,4x, such as e.g. at 1x Reference velocity, the re
be reduced to prevent degradation of the recordings on the disk. A safe value for the nominal read powe

\"
D,5 x /Lua' (see also 29.3).
Vreference

P\nD at Primary velocity

4 X (P|ND - 10)

p at Primary velocity

shall specify the indieative value Piyp Of Piarget in milliwatts at the Primary velocity as a numbef

S

shall specify the Write power multiplication factor p at the Primary velocity used in _the O}

(see Annex |) as a number n such that
100 x p

g4 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:

46

200 x g4
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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 &,

Byte 75 - ytarget at Primary velocity

This-byte-shai-speeify-the-target-vatveforyrggeratthe y-vetoeity—tsed-n-the-ORPG—algerithm (see

Arnnex |) as a number n such that
n=20x Ttarget
Byte 76 - Boptimum at Primary velocity

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

n =100 x (Boptimum + 1)

Byte 77 - Reserved - (00)

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

Byte 78 - Reserved - (00)

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

Byte 79 - T,, multi pulse duration for anyrunlengths > 4T
THis byte shall specify the basic duratioh’of the 2" and next pulses of the multi pulse train when the current

mark is a 4T or greater 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=16me%W and 3<n<16

Byte 80 - Ty, 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
greater mark/(see Annex G.2). The value is expressed in fractions of the Channel bit clock pefiod as an
unsigned-binary number n such that

-
n=16 x 'IOPTW 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, 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=

16XT'P%W and 3<n<16or

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

Byte 83 - Ty, first pulse lead/lag time for any runlengths > 6T

When the
the multi g
value is e
that

(po
Byte 84 -
When the

pulse train
expressed

(po
Byte 85 -
When the

pulse train
expressed

(po

current mark is a 6T or greater mark, this byte shall specify the lead or lag time of the first/pulse
ulse train relative to the trailing edge of the first Channel bit of the data pulse (see Annex G.2). T|
kpressed in fractions of the Channel bit clock period as a two’s compliment binanyynumber n su

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

Sitive numbers indicate a lead time, negative numbers indicate a lagtime)
dTop 5 first pulse lead/lag time for runlengths = 5T

current mark is a 5T mark, this byte shall specify the lead or lag time of the first pulse of the m
relative to the trailing edge of the first Channel bit ofithe data pulse (see Annex G.2). The valug
in fractions of the Channel bit clock period as a two’s compliment binary number n such that

16 x thOp%W and -8<n<8

Sitive numbers indicate a lead time, negative numbers indicate a lag time)
dTop 4 first pulse lead/lag time for runlengths = 4T

current mark is a 4T mark; this byte shall specify the lead or lag time of the first pulse of the m
relative to the trailing"edge of the first Channel bit of the data pulse (see Annex G.2). The value
in fractions of the Channel bit clock period as a two’s compliment binary number n such that

16 x thop%W and -8<n<8

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

of
he
ch

It
S

Uiti
is

Byte 86 -

d Itu|a,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 thOp%W and -8<n<8

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

48
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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

dTIp,O

n=16 x and 0<n<8

(positive numbers indicate a lead time)

Byte 88 - 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 or)lag time of the|last pulse
of|lthe multi pulse train relative to the leading edge of the last Channel bit of the(data pulse (see Apnex G.2).

THe value of dT, 3 is expressed in fractions of the Channel bit clock period@s a two's compliment binary
nymber n such that

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

(positive numbers indicate a lead time, negative numbers{indicate a lag time)
Byte 89 - dT,,, o erase lead/lag 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 lpad or lag
time of the erase pulse relative to the trailing edge)of the data pulse (see Annex G.2). The value is gxpressed
in ffractions of the Channel bit clock period as atwo’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)
Byte 90 - dT,,, g erase lead/lag 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 gxpressed
in ffractions of the-Channel bit clock period as a two’s compliment binary number n such that

n=16 x dTera'%W and -24<n<16

L HH 1o H o H 4 L ol b ' la H U H 4 L - AN
\PUSIUVE TIUTTTUTT S TTUILAlT d 1TTAdU UITIC, TITYdUuve TIUTTTUTI S TTIUILAdlT d Idy WTicT)
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
continuou

in Zone contains control information and an area for disk testing. The Lead-out Zone allows fo
5 smooth lead-out and also contains an area for disk testing. The Middle Zones facilitate jumpi

ng
sk

n

from Laydr O to Layer 1 at the end of the Data Zone on Layer 0. The Outer Drive Areas are meant'for d
testing.
The Lead{in Zone, the Data Zone, the Middle Zones and the Lead-out Zone constitute the Rewritable area i
which the finformation is recorded using the Phase change effect.
Table 6 — Layout of Layer 0 of a fully formatted disk (for 80 mm disk'see Annex A)
Description Nominal radius | PSN ‘efthe first Number of
in mm Physical Sector Physical
Sectors
Initial Zone start 22,000 mm (01F2B0) 47 488 nominal
Inner Disk Test Zone start 23,390mm | (02AC80) 12288
Guard Zone 1 start 23,746 mm (02DC80) 512
Reserved Zone 1 (02DE80) 4 096
) Reserved Zone 2 (0O2EE80) 64
l -ead-in Inner Disk Identification Zoné (02EECO) 256
= Reserved Zone 3 (02EFCO0) 64
% Reference Code Zone start 23,886 mm (02F000) 32
% Buffer Zone 1 (02F020) 480
o Control DataZone (02F200) 3072
% Buffer Zone2 (02FE00) 512
©
= start 24,000 mm (030000)
l ata |DataZone 2 086 912 max
Buffer Zone 3 start 58,000 mm (22D800) max 768
Middle (at full capacity)
Zone 0 [Reserved Zore4 (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
enda Z£o5,740 T
T Lead-out
g Buffer Zone 4 9 (88
B
L
kS
>
£
3
o (FD0000)
= end 24,000-mm
T ata |Data Zone 2 086 912 max
(DD2800) min

end 58,000 mm

Middle | oo rer Zone 3 (at full capacity) | (DD2500) min 748
Zone 1 [Reserved Zone 4 (DD2400) min 256
Guard Zone 2 (DD1400) 4 096 min
Reserved Zone 5 end 58,059 mm (DD0400) 4 (96
Outer . end 58,106 mm
' D
Drive Outer Disk Test Zone (DCD400) 12 88
Area
Guard Zofe 3 end 58,247 mm 22 096 hominal

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-divided ag shown in

Tdble 6 and Table 7. The radii indicated in Table 6 and Table 7 for some of the Zones are the nomihal values
of the centre 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 [TTATATTATTE < =
|
| | | | l
Spacer | l | | Middle Outer Drive
| Lead-in Zone | Data Zone | Zone O Area 0
A -
Layer 0 (LTI > g
! ! 1(030000) (end_LO)! |
R =24 mm R =58 mm
nominal nominal
Figure 23 — Usage of the Data Zone
For the hpst/application the Data Zone on Layer 0 and the Data Zone on Layer_1\shall be treated as one
contiguous Data Zone (see Figure 24 and clause 22). At the moment the ECC.Block located at addrgss
(end_LO) in the Data Zone on Layer 1 has to be recorded, at least 4 ECC Blocks in the Middle Zondg 1
immediatgly preceding the Data Zone on Layer 1 shall be recorded. These ECC Blocks function as a run-in for
the Data 4one on Layer 1.
Maximum possible PSN of Data Zone on Layer 0 = (end_LO)
(end_LO) = (22D7FF) and (end_L0) = (DD2800) unless set otherwise
(030000) (end_LO) (end»LL0) (FCFFFF)
“contiguous” logical \wﬁ}ess space of User Data
LSN O LSN ns1) [LSN n LSN 2n-1
Leqd-in Zone Data Zone on Layer 0O 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 Sector Numbers (PSNs)
The PSN{ on each recording layer increase by 1 for each next Physical Sector in the tracking direction on that
layer (see|Figure 25). The first Physical Sector of the Data Zone on Layer 0 shall have PSN (030000).

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 Data Zone on Layer 0 (end_L0) shall be such that the inverted value is a multiple of 16.

NOTE

52

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 anywhere on the disk.
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(FD0OO000) (FCFFFF)
A /> Address on Layer 1

| (end_LO)

Physica
Number, Lead-out (RXRRX) Middle
Zone Data Zone Zone
 —
Lead-in Data Zone Middle
Zone Zone
(XXXXXX) //

/ (end_L0)~/

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

Radiup——>»

Figure 25 — Physical Sector numbering

17 Lead-in Zone

THe Lead-in Zone is the innermost Zone of the Information Zone on Layer 0. It shall consist of the parts shown
in [Figure 26.

THe Physical Sector Number of the“first and last Physical Sector of each part is indicated in Figure 26 in
hexadecimal and decimal notation and the number of Physical Sectors in each part are indicated |n decimal
ngtation.

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

171.1 Initial Zone

THe Main Data of the Data Frames in this Zone, when recorded, shall be set to all (00). The recorgling in the
Initial Zone shall start at radius 22,6 mm max. This International Standard does not specify the humber of
PRhysical'Sectors in the Initial 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.

17.4 Re

4 096 Ph

Physical Sector 175 231
Physical Sector 175 232

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

Inner Disk Test Zone

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

Physical Sector 187 519
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 196608

]erved Zone 1

sical Sectors (= 256 ECC Blocks) reserved for Defect Management use. If not used all bytes sHh

12 288 Physical Sectors

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 Zohe
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

Figure 26 — Lead-in Zone on Layer 0

Physical Sector (02DC7F)
Physical Sector (02DC80)

Physical Sector (02DE7F)
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)

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

Th

gs
Da
Fri

17

TH
thi

17

Th
Se
BI

17

.9 Buffer Zone 1

s Zone shall be set to all (00).

.10 Control Data Zone

bck shall be as shown in Figure 27.

Physical formapinformation
2 048 bytes
Disk mangafacturing information
2 048 bytes

Content provider information

14 x 2 048 bytes

Figure 27 — Structure of a Control Data Block

.10.1 Physical format information

ta bytes of each corresponding Data Frame. Moreover, no scrambling shall be applied-~to these Data
Bmes, except to the first 160 Main Data bytes of the first Data Frame of each ECC Block.

is Zone shall consist of 480 Physical Sectors from 30 ECC Blocks. The Main_Data of the Data [Frames in

is Zone shall consist of 3 072 Physical Sectors from 192 EGC Blocks. The content of the 16 Physical
ctors of each ECC Block is repeated 192 times, unless specified otherwise. The structure of a Cgntrol Data

This informatien‘shall comprise the 2 048 bytes shown in Table 8. It contains disk and format information.

Table 8 — Physical format information

©l

Byte number Content Nymber
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
32 t0 63 Basic write strateqy parameters for Layer 0 32
64 tp 95 Extended Information block O for Layer 0 32
96 tg 127 Extended Information block 1 for Layer 0 32
128 tp 159 Extended Information block 2 for Layer 0 32
160 tp 191 Extended Information block 3 for Layer 0 32
192 tp 223 Extended Information block 4 for Layer 0 32
224 tp 255 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 tp 271 Data Zone allocation 12
212 General Flag bits 1
213 Disk Application.Code 1
214 Extended Information indicators 1
275 tp 282 Disk Manufacturer ID 8
283 tp 285 Media Type ID 3
286 Product revision number 1
287 number of Physical formabinformation bytes in use in ADIP up to byte 63 1
288 tp 319 Basictwrite strategy parameters for Layer 1 32
320 tp 351 Extended Information block O for Layer 1 32
352 tp 383 Extended Information block 1 for Layer 1 32
384 tp 415 Extended Information block 2 for Layer 1 32
416 tp 447 Extended Information block 3 for Layer 1 32
448 tp 479 Extended Information block 4 for Layer 1 32
480 tp 511 Extended Information block 5 for Layer 1 32
512 tq 2 047 Reserved — All (00) 1536
The informatien-ir-bytes-0-to-255-arecopiedfrom-the-ADIP-auxiliary-data-on-Layer O-during-initialization-of-t

P

oty oottt

e

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 b4

56
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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 410 15 - Data Zone alfocation

in the first 16 ECC Blocks of the Control Data Zone:

Bytes 4 to 7 same as 14.4.2

Byjte 8 shall be set to (00)

Bytes 9to 11 shall specify the Sector Number of the actual last Physical Sector of the Data Zone. Usually
this field is set to the same value as in 14.4.2, however in(special cases other valdes can be
allowed (see 23.3).

Byjte 12 shall be set to (00)

Bytes 13 to 15 shall specify the Sector Number of the actual last Physical Sector of the Datd 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 Data Zone:

Bytes 4 to 15  shall be set to the same valuestas in 14.4.2, or shall be set to the same values as|in the first
16 ECC Blocks.

Byte 16 - General Flag bits

Bi{ b7 same as 14.4.2

Bif b6 same as 14.4.2

Bif b5 shall'specify if Buffer Zone 2 in the Lead-in Zone contains VCPS related informatiory,
shall be setto 0, indicating no VCPS related information is present in Buffer Zond 2,
shall be setto 1, indicating Buffer Zone 2 contains VCPS related information as |[defined in

the VCPS System Description (see Annex O).
Bits bz 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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57


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

ISO/IEC 29642:2009(E)

17.10.3 Content provider information

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

Under no circumstance 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 recovl
related inf
VCPS Sys
Main Datd

18 Datg

Two timeg

The start
Address (
location o

19 Midc

Both layel
in Figure
is indicats
Sectors in

The Middl
Layer 1 (t
inner PSN

When Lay
Middle Zo

When the
Middle Zo

ded Zone shall consist of 512 Physical Sectors from 32 ECC Blocks. During use of the disk(VC
ormation may be recorded to these 32 ECC Blocks, according to the specifications given’in f{
tem Description (see Annex O). If no VCPS related information is copied to these locations'then
of the Data Frames in this Zone shall be set to all (00).

Zone
2 086 912 Physical Sectors for the storage of user data (for 80 mm disk-s€e Annex A).

radius of the Data Zone on Layer 0 and Layer 1 is determined By the location of Physical AD
D0CO000) and (F74A00) respectively and the maximum/minimum end radius is determined by t

lle Zones

s have a Middle Zone located at the outer side>0of the disk. They shall consist of the parts specifi
P8 and Figure 29. The Physical Sector Number of the first and the last Physical Sector of each p
d in Figure 28 and Figure 29 in hexadeCimal and decimal notation and the number of Physi
each part is indicated in decimal notatign. (for 80 mm disk see Annex A)

e Zones shall be located opposite‘each other, meaning that the end address of the Middle Zone
ne most inner PSN) is the inverse-of the start address of the Middle Zone on Layer 0 (also the m

).

er 0 has been fully recorded (user data or formatting), then both Middle Zone 0 on Layer 0 4
he 1 on Layer 1 shallbe’recorded before ejecting the disk from the drive.

formatting on.Layer 1 (see 23.2.2.2) is completed before Layer 0 is fully recorded, then a (parti
he 1 of at least 4 ECC Blocks shall be recorded on Layer 1 (see also 16.1 and 24.2 byte Dyg).

Physical ADIP Address (08B600) and (FF4000) respectively(see 14.4.1.1, bit 2 to 23 and 13.7.1).

PS
he
he

IP
he

ed
art
cal

on
hst

nd

58

© ISO/IEC 2009 — All rights reserved


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

Physical Sector 2 283 519 max
Physical Sector 2 283 520 max

Physical Sector 2 284 287 max
Physical Sector 2 284 288 max

Physical Sector 2 284 543 max
Physical Sector 2 284 544 max

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

ISO/IEC 29642:2009(E)

Physical Sector (22D7FF) max
Physical Sector (22D800) max

Physical Sector (22DAFF) max
Physical Sector (22DB00) max

Physical Sector (22DBFF) max
Physical Sector (22DC00) max

Dl H Lo n faWaYeYoWaYa¥al
rirysitdl OTUWUN 2 200 VoJ

I W D . S b OO
WILT VidITT DUdld ST1U 11U (UU)

Dl H Lo b VZaYaY wd =Y md ek ¥
ITyositdl OTULLIUN (22 D)

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 14 488 576

Physical'Sector (DD13FF)
Physical Sector (DD1400)

Guard Zone 2
min 4 096 Physical Sectors
with Main Data set to (00)
Reserved Zone 4
256 Physical Sector's
with Main Data set.t04(00)
Buffer Zone'3
768 Physical Sectors
with Main Data set to (00)

Physical Sector 14 492 671 min
Physical Sector 14 492 672 min

Physical Sector (DD23FF) npin
Physical Sector (DD2400) min

Physical Sector 14 492 927 min
Physical Sector 14 492 928 min

Physical Sector (DD24FF) nmin
Physical Sector (DD2500) min

Physical Sector (DD27FF) nmin
Physical Sector (DD2800) min

Physical Sector 14 493 695 min
Physical Sector 14 493 696 min

DataZone on Layer 1
Figure 29— Middle Zone on Layer 1
19.1 Buffer Zones 3

THese recorded Zones shall consist of 768 Physical Sectors. The outermost possible start location of Buffer

Zdgne 3 is (22D800) on Layer Q and (DD2500) on Layer 1 (for 80 mm disk see Annex A). The Main Data of the
Data Frames in this Zone shall be set to all (00).

19.2 Reserved Zones 4

256 Physical Séectors 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 informafjon zones
containing user data. They also provide for a recorded area on the opposite Tayer, at any posifion 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.

[m

xample 1:-less than 12 288 sectors unused

< 12 288 sectors

Rs58mm}<—>{

nominar— no gap |
|

LO

———

'(030000)

(end_LO)| >
4 096 < Guard Zone 2 < 16,384
|

Ekample 2: more than 12 288 sectors unused

R < 58 mm <

> 12 288 sectors

—1 >

A
' gl

| Outer Drive
' Data Zone . . Area
Lo | N
l (030000) (end_LO) l i<—>| (22D7FF) !
R =24 mm Guard Zone 2 R =58 mm
nominal > 16 384 sectors nominal

20 Outer Drive Areas
Both laye

specified
each part

Physical Sector2 288 640

Physical‘Sector 2 292 735
Physical Sector 2 292 736

Physical Sector 2 305 023

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

Guard Zone 2
with Main Data set to (00)

(9ap)

|
|
|
I
|
nominal | Middle Zone > 0,2 mm |
|
|

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

Outer Disk Test Zone
12 288 Physical Sectors

s have an Outer Drive Area located.'at the outer side of the disk. They shall consist of the parts
n Figure 31 and Figure 32. The Physical Sector Number of the first and the last Physical Sector
is indicated in Figure 31 andRigure 32 in hexadecimal and decimal notation and the number
Physical Sectors in each part is indicated in decimal notation (for 80 mm disk see Annex A).

of
of

Physical Sector (22EC00)

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

Physical Sector (232BFF)

Physical Sector 2 305 024

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

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)

ISO/IEC 29642:2009(E)

Physical Sector (DCD3FF)
Physical Sector (DCD400)

Physical Sector (DDO3FF)
Physical Sector (DD0400)

Physical Sector (DD13FF)

2(

.1 Reserved Zone 5

o =z 0.
Sudid £LUlIC £

with Main Data set to (00)

Figure 32 — Outer Drive Area on Layer 1

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

2(

12
Wi

2(

TH

21

Th
Zdq
(F

TH
TH

he
na

.2 Outer Disk Test Zone

.3 Guard Zone 3

Lead-out Zone

tation.

Physical Sector 16 580 607

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

e Lead-out Zone is located at the inner-side of the disk on Layer 1. The minimum length of the
ne shall be about 50 048 sectors,~ranging from address (FD0OO00O) at radius 24,0 mm nominal to address
PDC380) at radius 22,6 mm maximum, all recorded with Main Data set to (00).

e Lead-out Zone shall consist of the parts specified in Figure 33.

Data Zone

288 Physical Sectors reserved for drive testing and OPC algorithm(see Annex I). This Zone shall be filled
h Main Data set to (00) (for 80 mm disk see Annex A).

Lead-out

e Physical Sector Number of the first and the last Physical Sector of each part is indicated in Figure 33 in
xadecimal and decimal notation and the number of Physical Sectors in each part is indicated

n decimal

Physical Sector (FCFFFK)

Physical Sector 16 580 608

Physical Sector 16 589 695

Buffer Zone 4
9 088 Physical Sectors
with Main Data set to (00)

Physical Sector (FD000Q)

Physical Sector (FD237H)

©l

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
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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 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).

21.3 Fin

The Main
Final Zon
Physical §

al Zone
Data of the Data Frames in this Zone, when recorded, shall be set to all (00). The recording in

ectors in the Final Zone.

22 Assignment of Logical Sector Numbers (LSNs)

the

e shall end at radius 22,6 mm max. This International Standard does not specify the .number|of

Logical S¢ctor Numbers (LSNs) shall be assigned contiguously increasing by ene from LSN 0, starting from

the first P
PSN (FCH

23 Forn

The disk {
data bytes
blocks, ing

The disk

Reserved
Referencdq
and the In

To indicat
Blocks (FI

NOTE

FFF) on Layer 1 (see Figure 24 and also Annex J).

hatting

luding those with dummy data, shall comply with clause 13.

Ehall be considered partially formatted. if at least the Inner Disk Test Zone, the Guard Zone 1,
Zone 1, the Reserved Zone 2, the_lnhner Disk Identification Zone, the Reserved Zone 3,

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

DCBs) (see 24.2).

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

Formattin

can be doné.ntwo different ways:

SN (030000) to PSN (end_L0O) on Layer 0 and then continuing uninterrupted from PSN (end_LO)

—

(0]

hall be considered fully formatted if all areas in the lnformation Zone have been recorded. The Main
in the ECC blocks can contain relevant data or-can be set to dummy data (all bytes (00)). All ECC

he

Code Zone, the Buffer Zone 1, the)Control Data Zone and the Buffer Zone 2 in the Lead-in Zonhe

e the status of the disk,the’ Inner Disk Identification Zone shall contain Formatting Disk Confrol

1) Pre-fomatting; which is the conventional way of formatting used for many storage media. After the pfe-
formatting| process, the disk is fully formatted. User Data shall not be recorded to the disk until the pfe-
formatting| process is complete.

This process consists of the following steps:
— write Lead-in Zone
— write Data Zone on Layer O

— write

Middle Zones 0/1

— write Data 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 the 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)|Sequential recording without formatting, where the disk is recorded by appending data.to the
D3ta Zone.

23.1 Pre-formatting

If Pre-formatting is applied, this shall be done before any User Data is recorded-onto the disk.

THe Inner Disk Identification Zone shall contain FDCBs according to 24.2indicating pre-formatting in
All other Zones shall be recorded according to clause 17, 18, 19, 20 and 21.

After fully formatting the disk and before ejecting the disk, the driveshall update the FDCBs.

23.1.1 Verification

Optionally the Data Zone can be certified. During this_process every ECC Block in the Data Zone i
for correctness.

23.2 Background formatting

Be
im
pr
the
re
Us

23

cause the Pre-formatting process can be rather time consuming, and the user may want to use a
mediately, Background formatting cahbe used instead of Pre-formatting. During the Background
pbcess only a minimum amount of data will be recorded onto the disk, after which the disk can b
p application. A disk on which‘a Background formatting process is active, may be formatted furt
corder in the background daring the moments that the application is not accessing the disk. Re
er Data into previously unrecorded areas shall be considered formatting of that area.

.2.1 Initialization

It
G

s recommendedivthat the Background formatting process starts with recording the Inner Disk Test
ard Zone 1;>the Reserved Zone 1, the Reserved Zone 2, the Inner Disk ldentification Zone, the

Zdgne 3, thé.Reference Code Zone, the Buffer Zone 1, the Control Data Zone and the Buffer Zon
Lgad-in.Zone (see Table 6) and the Inner Disk Test Zone and the Buffer Zone 4 in the Lead-out
Tgble?)! In any case, these areas shall be recorded before the disk is ejected.

end of the

progress.

5 checked

blank disk
formatting
e used by
her by the
cording of

Zone, the
Reserved
e 2 in the
Zone (see

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

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
requested.

©l
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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 astayer—8—Fo—+each—such—a—disk—status,—several—procedures—eould—be—followed—n—23-224 d
23.2.2.2, two examples for such procedures are given.

NOTE in case of Random Recording (non-continuous / non-sequential user data recording), data_retrieval |by
Read-Only|devices can only be expected to be feasible if all unrecorded areas up till the outermost user dater recordings
have been filled up with dummy data before the disk is ejected from the recorder.

23.2.2.1 |Example 1 of De-icing procedure

In this example the Background formatting is performed piece-by-piece on Layer0,and Layer 1 alternatdly.
See the ekample in Figure 34, where the Background formatting starts on Layer’1)(1), then writes a piece on
Layer 0 (2), goes back to Layer 1 (3), et cetera (4 on Layer 0, 5 on Layer 1, 6 on Layer 0, 7 on Layer 1).

When the|drive now receives a request to write User Data (8 in the example), the Background formatting will
be interrupted and this User Data recording will get priority.

After sucH host intervention the Background formatting should first.level up the recordings on both layers (9in

the example). After that, the Background formatting proceeds with the piece-by-piece recording of both laygrs

alternately

Because

might res
formatting
is 512 (co

The Last
used on L

(10 on Layer 1, 11 on Layer 0, etc.).

oo small chunks of Background Formatting will result in many layer jumps and too large chun
LIt in longer waiting times at eject, the, number of ECC Blocks for the piece-wise Backgrou
should be optimized for each recorder.(Aguide value for the number of ECC Blocks in each chu
rresponding to 5 seconds at 2,4 x recording speed).

Vritten/Forwards-formatted Address (LWA) and the First Backwards-formatted Address (FBA, o

ks
nd
nk

hly

ayer 1), both contained in the’FDCBs (see 24.2), shall be used to indicate the progress status of the
Backgroumd formatting process.
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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 P LWA

Zone 0 Disc ID Data I — —

— 2 4 6 user(8) .

Initial Middle
Zone B Lead-in Zone P Data Zone R Zone 0
< > | < >

~——_— Sequential -+~
‘ User Data ‘ unrecorded
area

Background Formatting

Figure 34 — Example 1 of Background Formatting

23.2.2.2 Example 2 of De-icing procedure
In

the¢ inner side of the disk towards the outer side. See the example in Figure
formatting starts on Layer 1 (1, 2, 3, 4).

W

b interrupted and this User Data recording*will get priority.

LWA = Last Written/Forwards-formatted Address

this example first the Background formatting on Layer+l is performed in a piece-

hen the drive now receives a request to write*User Data (5 in the example), the Background forn

FBA = First Backwards-formatted Address

by-piece way, wo
35, where the B

rking from
hckground

hatting will

Background unrecorded
Formatting area
23,4mm 24,0mm
Final | tead-out Zone 2 Data Zone 1| Middle
Zone | N L Zone 1
Test << <c—ic—<—
Zone i FBA
Test Inner Control . LWA
Zone 0 Disc ID Data —
— user (5) .
Initial ‘ ‘ ‘ Middle
Zone Lead-in Zone Data Zone Zone 0
—> |« » | <€ » | —
Sequential Dummy unrecorded
User Data Data area

LWA = Last Written/Forwards-

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

(correspondingto-about-5-seconds-at 24xrecordingspeed——mm

The Last Written/Forwards-formatted 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 progress stafus
of the Badkground formatting process.

To further]improve the capabilities of Read-Only devices to retrieve data from a partially formatted disk, if is
recommended to extend the User Data recordings on Layer 0 by at least 64 ECC Blocks) containing duminy
data before the 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 theymaximum recorded radius| of
Layer 0, it [s recommended to fill up Layer O until the same outer radius before the disk is ejected, if one is aiming at {he
best possiljle data retrieval capabilities for Read-Only devices. As long as the disk is(not fully formatted this might extgnd
the eject time.

23.2.3 Fipalization

When the|De-icing process has finished and all areas in the Data Zone have been recorded, the drive shall
add the Mjddle Zones according to clause 19 and the Outer Drive Areas according to clause 20.

The Lead{in Zone shall be finished by adding the Initial"Zone according to clause 17 and the Lead-out Zohe
shall be finished by adding the Final Zone accordingte clause 21.

23.2.4 Vdrification (optional)

Verificatiop is the process of reading and.checking all ECC blocks in the Data Zone. If an ECC block is 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 Inner Djsk
Identification Zone shall register, the area that has been checked. During the time intervals when the disk is
idle, the Vferification process; controlled by the drive, can proceed in the background. When the applicatipn
requests flisk access, the Verification process is suspended and the control of the disk is returned to the
application. During background Verification the drive should keep the FDCBs updated. When an eject| is
requested| during background Verification, the drive shall update the FDCBs before ejecting the disk.

23.3 Sequential recording without formatting

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),

'uyicb +3to-t5—shattbe-settothetast PSitof theactuattast EEC Btock—cor |iai||i||g YUserbatas pplied 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 spupplied 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_‘Ll0; identifying the location
of the layer jump).

Recordings end on Layer 0

Layer 1 (FCFFFF)
|
FDCB
Layer 0 — WA user data, )" J
Control [(030000) (end® data)t (end_rec) (22D800)
Dalta (end_LOY}

Recordings end on Layer 1

Layer 1 (FCFFFF) L user data

(end_rec) (end_data)

FDCB
CWA user data
Control |(030000) (end_LO) (22D800)

Data

Layer O

Figure 36 — Example of Sequential recording

THe-Bummy 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

(end radius)

Length of the Recorded part
of the Data Zone on Layer 0

End of the Dummy Zone on Layer 0
(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 allowed to have an unrecorded area between the end of the Dummy Zone and Buffer Zoné .3 located

at radius 58 mm.

To prevent Read-Only devices from landing in possibly unrecorded data areas, Annex K gives somme
recommendations how to move over from Layer O to Layer 1 and vice-versa.

24 DisK Control Blocks

Disk Conjrol ECC Blocks are provided as a structure on the disk ta<include additional information

for

interchange between the data interchange parties. DCBs are recorded ‘in the Inner Disk Identification Zone.
All DCBs ghall have the same format for the first 40 data bytes. A special DCB is defined to reflect the stafus
of the formatting process and to hold some general information.

Each typg¢ of DCB (i.e. with some specific Content Deseriptor other than (00000000), (FFFFFFFE)

(FFFFFFHF)) shall occur only once in each of the Inner Disk:ldentification Zone.

24.1 General format of Disk Control Blocks.

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

Table 10 — General format of each Disk Control Block

Physical Sector of each DCB Main Data BP | Description
0 Dg to D3 Content Descriptor
0 Dy to Dy Unknown Content Descriptor Actions
0 Dg to D3g Drive ID
0 Dy to Dy 47 Content Descriptor Specific
1t0 15 Do — D047 Content Descriptor Specific

or

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
e eratr ytes-se e-Hi ee24-2Physical Sector

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

if §et to (FFFFFFFF)

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

All other values for the Content Descriptor are reserved.

Eqch new DCB added to the Inner Disk Identification Zone shall be written at the first unused DCB (Content
Degscriptor = (00000000) or (FFFFFFFF)).

Bytes D4 to D; — Unknown Content Descriptor Actions

THese bits are provided to specify required actions whep, the content and use of the DCB are unknpwn to the
drive (i.e. the content descriptor is not set to a known@ssigned value). These bytes form a field copsisting of
32 individual bits.

Bifs b3 to by  Reserved
These bits shall be set to alhZERO.

Bif b DCB overwrite

if set to ONE, modifying the current DCB shall not be allowed,
else it shall be setrto ZERO.

Bif by Formatting
if set to. ONE, reformatting of the disk shall not be allowed,
else-it\shall be set to ZERO.

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

transferred outside the drive,
else it shall be set ZERO.

Bittg DataZomewrite
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).

© ISO/IEC 2009 — All rights reserved 69


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

ISO/IEC 29642:2009(E)

— 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 1 to 15: Bytes D to D, o47 Content Descriptor Specific
Bytes sperified by the format description for the DCB with the actual Content Descriptor value.
24.2 Format of the Formatting DCB (FDCB)
The Inner|Disk Identification Zone shall contain two DCBs reflecting the status of the disk, one for each lay
These FD[CBs 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 of
of ECC block byte position bytes
0 Dg to D3 Content Bescriptor 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 Des-to Dgs Disk ID 32
0 Dggto Doy Application dependent 32
0 D1g to D491 List of DCBs 16x4
0 D1go to Dy g47 Reserved and set to (00) 1 856
1t0 8 Dg to Dy 947 Layer O Formatting bitmap 8x2 048
D 1615 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
Q nLH to nL” l:nrmnﬂ'ing status and mode of | ayer 1 4
0 Dyg to Dg4 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 D64 to D95 Disk ID 32
0 Dgg to Dqp7 Application dependent 32
0 D128 to D191 List of DCBs 16x4
0 D1gp to Dy g47 Reserved and set.to (00) 1 856
1t08 Dg to Dy 947 Layer 1 Formiatting bitmap 8x2 048
9to 15 Dg to Dy g47 Reserved/and set to (00) 7x2 048
Physical Sector 0 / bytes Dy to D3 — Content Descriptor
theése bytes identify the Formatting DCB and shall-be’set to:
(46443000), representing the characters “FD0*and the version number 0, in the FDCB for Layer D,
(46443100), representing the characters_‘FD1” and the version number 0, in the FDCB for Layer (1.
Physical Sector 0 / bytes D4 to D7 —Unknown Content Descriptor Actions
shall be set to (0000000D) indigcating that if this DCB is not known to the system, the DCB shall not be
overwritten, the disk shall not bereformatted, writing to the Data Zone shall not be allowed, while tfansferring
th¢ DCB information from the drive to the host computer is allowed.
Physical Sector 0 / bytes'Dg to D39 — Drive ID
thése bytes shall,eontain the drive ID as specified in 24.1.
Physical Séector 0 / bytes Dy4g to D43 — FDCB update count
these“bytes shall specify the total number of update operations of the FDCB. This field shall|be set to
(ODOOO000) during the creation of the FDCB, and shall be incremented by one each time thg 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 Layer 0/1 Reserved
Formatting status Formatting open

bits 7 to 6:

4AERO ZERO = the related Layer is not formatted/recorded

4ERO ONE = the related Layer has been partially formatted/recorded
OONE ZERO = the related Layer has been fully formatted/recorded by user
ONE ONE = the related Layer has been fully formatted by manufacturer

4ERO = 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 0: reserved

byte D45 + Verification status flags

bits 7 to 6 bits 5to0 0

Verification status Reserved

bits|7 to 6:

4ERO ZERO = the related Layer is not verified

4ERO ONE = the related Layer has been partially 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 O: reserved

byte D¢ + Recording status flags

bit 7 bits 6 to 5 bits 4 to 0
kead-in / Middle Zone 0/1 & reserved
.ead-out status Outer Drive Area
status
bit T:
forayer 0O:

ZERO = Lead-In Is recorded from address (UZAC30) to address (UZFFFF)
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 = no Middle Zone 0 and Outer Drive Area has been recorded,
ZERO ONE = 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 actupl first

sector of the Data Zone on Layer 1 at PSN (end_LO).

bits 4 to 0: reserved
te D47 — Reserved

set to (00)
ysical Sector 0 / bytes Dyg to D4
the FDCB for Layer 0 — Last Written Address (LWA)
bse 4 bytes shall indicate the last PSN of the last ECC Block of the contiguously recorded part o
ne (continuing on Layer 1 as indicated in Figure 24, including Dummy Zone data, but not ing
ddle Zone) starting from address (030000). (There¢shall be no unrecorded ECC Blocks betwee
B0000) and the LWA.) As long as the first ECC Block of the Data Zone is unrecorded, the LWA s
(00000000), indicating that the LWA is not (yet)‘in use. After formatting has been finished, the
0 be set to (00000000).
the FDCB for Layer 1 — First Backwatds-formatted Address (FBA)
bse 4 bytes shall indicate the first RSN of the first ECC Block of the contiguously recorded part o
ne on Layer 1 (not including the Middle Zone) ending at address (FCFFFF). (There shall be no u
CC Blocks between the FBA~and address (FCFFFF).) As long as the last ECC Block of the Da
recorded, the FBA shall be-set to (00000000), indicating that the FBA is not (yet) in use. After
s been finished, the FBA may also be set to (00000000).
ysical Sector 0 Lbytes D55 to D55 — Last Verified Address (LVA) of Layer 0/1

r Layer 0: theSe 4 bytes shall indicate the last PSN of the last ECC Block of the contiguously verif
e Data Zone 'on Layer 0 starting from address (030000).

r Layer 1: these 4 bytes shall indicate the last PSN of the last ECC Block of the contiguously verif

f the Data
luding the
n address
hall be set
LWA may

f the Data
nrecorded
a Zone is
formatting

ied part of

ied part of

thg

p 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)

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
For Layer

0 the BML shall be = (end_LO +1 - BSALg) / 16.
1 the BML shall be > (FBA - BSAL1) / 16 and < (FD000O - BSAL1) / 16.

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

used.
Physical

these 32
the disk. H

Physical

this field
specific cq

Physical
To improv

representi
contained

Sector 0 / bytes Dg4 to Dg5 — Disk ID

bytes shall be recorded with a random, statistically unique, 256-bit binary number)at initialization
oth FDCBs shall contain the same Disk ID number.

Sector 0 / bytes Dgg to D457 — Application dependent

thall consist of 32 bytes and is reserved for use by the application to store information such
py protection data. If this setting is not specified by the application, the bytes shall be set to (00).

Sector 0 / bytes D458 to D4gq — List of DCBs

e the robustness and the time to access the actuallyvalid DCBs, it is recommended to store a
hg the 16 locations of the Inner Disk Identification(Zone with the Content Descriptor of the D
in each 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 positioft Description number of bytes

Content Descriptor of DCB

0 D12 1. Bys1 in location 0 4
Content Descriptor of DCB

D435 to D

0 132 10 135 in location 1 4

0

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

D(131+ix4) in location i

0
Content Descriptor of DCB

0 D1gg 10 D1g1 in location 15 4

of

ist
CB

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,
|nd|cated by the Bltmap Start Address, bit 1 of Main Data byte DO of Sector 1 represents the next ECC block,
folle d ddress—setc- ema g-bits Sic ectors 1 to
8 1oIIowmg the b|tmap shaII be set to ZERO

THe ECC blocks in the bitmap are identified by a sequence number i, where i starts at 0 for the EC[C block at
the Bitmap Start Address. Bit n of Main Data byte D,, of Sector k represents the i "ECC block from the

Bijmap Start Address:

[(k-1)x2 048+m]x8+n, where k=1..9, m=0..2047,n=0..7

-
1l

Address 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 # ECC block has not been|recorded.
If {he bit representing the it ECC block is set to ZERO, then the ifYECC block has been recorded.

Physical Sector 9 to 15 / bytes D to D, 47 — Reserved

alllbytes in these sectors shall be set to (00)

24.3 Format of the Write inhibit DCB (WDCB)

THe Inner Disk Identification Zone may optionally contain a DCB reflecting the write protect status qf the disk.
This WDCB shall have the content as defined in Table 14.

Table 14 — Format of the WDCB

Physical Sector Main Data Description number of bytes
of 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
0 Dyg to Dys WDCB update count 4
0 Dyg 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

these byt
(0000000
re-written.

Physical

These bit

Sector 0 / bytes Dyg to D43 — WDCB update count

ps shall specify the total number of update operations of the WDCB. This field shall ‘be~set
) during the creation of the WDCB, and shall be incremented by one each time the, WDCB

Bector 0 / byte D44 to D47 — Write protect Actions

5 are provided to specify allowed and required actions. These bytes/foerm a field consisting

32 individdial bits.

Bits b

Bit by

Bits b(

Bits b

NOTE
Manags

4 tobg 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 received from the host is the same as the WD
Password in this DCB, the Write protect Status bits bg to by may be modified,

if set to ONE and the password-received from the host is the different from the WD
Password in this DCB, the Wirite protect Status bits bg to by shall not be modified.

tob, Reserved
These bits shall be-set to all ZERO.

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

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

The “User Data Area” is the part of the Data Zone meant for storing the User Data in case a Def|
ment System is applied. This means that possible Sparing and Table Areas of a Defect Management Syst

located

S

of

CB

in_the Data Zone of the disk can be excluded from the write inhibition, in which case the Defect Managem

an-ctav, anahblad

System

Cart-otay- et

if set to ZERO/ONE recording in the Data Zone on the disk (all of the area between t
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
thése bytes are reserved and shall be set to (00)
Physical Sector 1 to 15/ bytes Dy to D, g47 — Reserved

alllbytes in these sectors shall be set to (00)

2% General
All recordings shall occur only in grooved areas. The groove centrelineZis deviated from the avefrage track
centreline with a phase modulated sinewave. Physical addressing information can be decoded| from this
phase modulated wobble.

THe format of the groove information on the disk is defined in"d4.4. Clause 27 specifies the requir¢ments for
the signals from grooves, as obtained when using the Reference Drive as defined in clause 9.

26 Method 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 Referenceg Drive as
defined in Clause 9. Theydrive shall have the following characteristics for the purpose of these tests.

26.2.1 Optics and’/mechanics

THe focused. gptical 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 jayrer-shall-rot-exceed-0:20-+;

AT 4

and the rgdial tracking error between the focus of the optical beam and the centre of a track shall not"exceged
0,022 um,

26.3 Defiinition of signals

All signalg are linearly related to currents through a photo detector, and are therefore linearly related to the
optical poyer falling on the detector.

(11+12)min

0 level

—_—>
radial position

on land on groove

Figure 37 — Signals from grooves in the Read Channels when crossing the tracks

Push-pull signal

The pushipull 'signal is the filtered sinusoidal difference signal (/4 - /5) in Read Channel 2, when the focus|of
the Optica haam crosses-tha tracks  Tha sianal can ha tised by the drive for radial tracking
T ) Y I~

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

Th

e phase depth of the groove shall not exceed 90°.

27.2 Push-pull signal

Th

e peak-to-peak value of the push-pull signal PP shall meet the following requirements:

a)

b)

27
TH
27
TH
dis
ag
TH
thg
the

TH

L (,1 -l )pp
on both layers before recording: 0,28 < [( <0,56

I+ 1 a1 412 )in 1/ 2

The max variation of the push-pull signal within one layer before-\Tecording
PPmax_PPmin

<015
PPFax + PPin
N (l1 _IZ)pp
on both layers after recording: 0,28 < < 0,56
|.(I1 +I2)max +(I1 +I2)minJ/2
Ratio of push-pull signal of unrecorded groove to push-pull_signal of recorded groove within
shall be in the range of: 0,75< Phbefore <1,25
after

.3 Track Cross signal

e Track Cross signal for the unrecorded disk-is not specified.

.4 Normalized wobble signal

e deviation from the track centreline shall be measured by the normalized wobble signal. The
tance that the centre of theswobble groove deviates from the average track centreline can be
cording to Annex L.

e wobble signal shall be measured in an empty track during the monotone wobble part, at locati
b amplitude is not-énhanced due to the positive interference of the wobble from adjacent tracks
b other layer is unrecorded.

e normalizedwobble signal shall be

020 < w.pp-min 030

(h=12)p

shall be:

one layer

amount of
calculated

bns where
hnd where

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

©l

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 Metlllod of testing

The formdt of the information on the disk is defined in clause 13. Clause 29 specifies the requirements for the
signals frgm recorded marks, as obtained when using the Reference Drive as defined in clause-9.

This claude 29 specifies the average quality of the rewritable information. Local deviations from the specified

values, cglled defects, can cause tracking errors or errors in the Data fields. These/errors are covered by
Clause 31 and Clauses 32 and following.

28.1 Enyironment

All signal$ in 29.2.2 to 29.2.5 shall be within their specified ranges with the disk in the test environmegnt
conditiond defined in 8.1.1.

28.2 Reflerence Drive

All signalq specified in 29.2.2 to 29.2.5 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 tests.

28.2.1 Optics and mechanics

The focusgd optical beam shall have the properties defined in 9.2 a) to i). The disk shall rotate as specified
9.5.

n

28.2.2 Rdad power

The optical power incident on-the read-out surface of the disk (used for reading the information) shall pe
1,2 mW £(0,1 mW.

28.2.3 Rdad channels

The drive shall havetwo read channels. Read Channel 1 gives a signal (/4 + I5) related to the total amountf of
light in thLT exit pupil of the objective lens. Read Channel 2 gives a signal (/4 - I5) related to the difference|in

the amountZof light in the two halves of the exit pupil of the objective lens. These channels can pe
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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28.2.4 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

4l : 1
b OUW UTTEST TTIAANTIUTIT VAIUT S,

28.2.5 Scanning velocity

All write tests are performed at each of the recording velocities defined in 14.4.2. The tests 'Shall be
with the related write strategy.

All read tests are performed at the Reference velocity.

28.3 Write conditions

Marks and spaces are written on the disk by pulsing a laser.

28.3.1 Write pulse waveform

THe laser power is modulated according to one of the writé\pulse waveform given in Annex G.

A BT to 14T is written by applying a multiple-pulse train-of write pulses.

THe recording power has three levels: the Write-power (Pw), the Erase power (Pe), and the Coo
(PE), which are the optical powers incident.atthe entrance surface of the disk and used for writing

spaces. The values of these power levels shall be optimized according to Annex I.

THe actual recording powers, Pw, Pe, and Pc shall be within 5 % of their optimum values.

28.3.2 Write power

THe optimized recording(powers, Pwo, Peo and Pco shall meet the following conditions

on Layer 0 at‘24x recording speed for the N-1 strategy as defined in 14.4.2.2:
20,0 mW < Pwo <45,0 mW

4,0mW < Peo <22,0 mW

0,1 mW <Pco<0,7mW

performed

ing power
marks and

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:

PWonL1,unrecL0

0,95< <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, (1),
(m+2), in the Information Zone of the disk. The jitter shall be measured on recordings made at all velocities
specified in 14.4.2.2, byte 32, and in the Extended Information blocks defined under 14.4.2.3.
For measlirement of jitter the system described in Annex E shall be used.

The Jitter shall be measured according to the following procedure:

Write random data on all five tracks 10 times each as specified in 28.3.1.

Read the flata of track m under the conditions specified in 28.2.

29 Characteristics of the recorded signals

The following signals shall be measured, after recording with thexwrite conditions as specified in 28.3.1.

29.1 Channel bit length
The averdge Channel bit length over each RUN shallbe

146,6 nm = 1,4 nm

29.2 Defiinition of signals

All signalq are linearly related to currents through a photo-diode detector, and are therefore linearly related|to
the optical| power falling on the detector.

29.2.1 High frequency signals (HF)

The HF signal is obtaifed by summing the currents of the four elements of the photo detector as generated| in
Read Chgnnel 1. These currents are modulated by the effects of the marks and spaces representing the
information on, therecording layer.
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29.2.2 Modulated amplitude

THe modulated amplitude /44 is the peak-to-peak value of the HF, signal generated by the largest
space lengths (see Figure 38). The peak value /44y shall be the. peak value of the HF signal &
coupling. The modulated amplitude /3 is the peak-to-peak valde generated by the shortest mark

Figure 38 — Signals from spaces and marks in Read channel 1

mark and
efore a.c.

hnd space

lemgths. The 0 Level is the signal level obtained from the measuring device when no disk is inserted. These

parameters shall meet the following requirements under all conditions, also such as a different

overwrites, and when recordings have been made at different s

11% > 0,48
l14n

3/ 5015
l14

Wi/thin one layer, (4rmax _114""“"% <0,25
I14Hmax

Within one revolution, (114Hmax 414“”‘"% <0,15
14Hmax

29.2.3 Signal.asymmetry

THersignal asymmetry shall meet the following requirement: 0,05 < {

peeds.

2

2

|14

ligy +har 3y +l3p
<+0/1

humber of

29.2.4 Normalized Slicing Level jump

I

]

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 5
DOW cycles).

29.2.5 Jitter

Jitter is the standard deviation ¢ of the time variations of the binary read signal. This binary read signal
created by a slicer, after feeding the HF signal from the HF read channel through an equalizer and LPF (s

00

is
ee

Annex E).[The jitter of the leading and trailing edges is measured relative to the PLL clock and normalized
the Chanrjel bit clock period.

The jitter ghall be measured at the Reference velocity using the circuit specified in Annex E.
The jitter measurement shall be using the conditions specified in 28.4.

The measpured jitter shall not exceed 9,0 %.

29.2.5.1 |Overwrite stability

by

The following test shall be applied to verify the stability of the overwrite capabilities of the disk after some

storage time. For this purpose a band of at least 5 tracks shall be (over)written 10 times, at a velocity of 2,4
with nomipal recording powers and the write strategy parameters set(fo‘the values as defined in 14.4.2.2
14.4.2.3.1 Next the disk has to be stored at 55 °C + 2 °C for 24 hours.

After 24 hpurs the original recorded tracks shall be overwritten@hcte and the jitter is measured (jitter1g+1).

A new, enpty area of the disk, close to the original recording, shall be (over)written 11 times and also here
jitter is mdasured (jitterq1).

The differgnce in the measured jitter values shall be defined as Ajitter? = jitter120+1 —jitter121 ,

where: Ajitter < 6,0 %.

Additionally the number of PI errors overany 8 consecutive ECC Blocks shall not exceed 280 (see 31.2).

29.3 Read stability

When reading at a play-back.speed of n x the reference velocity with a read power of {0,8 + 0,5><\/H} m

(n>1) at ja temperature 0f\55 °C, all parameters specified in 29.2.2 to 29.2.5 shall be within their specifi
ranges after 1 000 000¢epeated reads.

NOTE When réading at higher play-back speeds, the signal-to-noise ratios in drives can be improved by apply
higher read powers: In case of (partial) CAV operation care should be taken to set sufficiently low read powers wh
jumping toyvards, inner diameters (although the rotational speed will stay the same, the linear speed will decrease wh

X,
or

he

ng
en

jumping inwards).

Reading with the 1x read power at lower speeds than the reference velocity might degrade the read stability
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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)

I | | |
T T T T T

12 4 8 12 16

Figure 39 — Safe operating area when reading at higher speeds

30 Additional testing conditions

Re¢corded +RW disks compliant with this +RW DL International Standafdyshall also fulfil the following basic
signal specifications when measured with the Pick Up Head according to ISO/IEC 16448.

30.1 Test environment

All conditions are the same as in 28.1 to 28.2.5 except for thefollowing.

30.1.1 Optics

THe focused 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)| The objective lens shall béseompensated for spherical aberrations caused by a parallel subsgtrate with
nominal thickness (0,6 mm)and nominal refractive index (1,55).

d)| Wave front aberration 0,033 x A rms max.

e)| Light intensity(atthe rim of the pupil of the 60 % to 70 % of the [maximum
intensity in the radial objective lens direction
and over 90 % in the tangential direction.

f) | Polarization of the light Circular

g)Nermatized-detectorsize 400—pmé—<S—+Me—<l 144 ym?

where S is the total surface of
the quadrant photo detector

h) Read power 1,2mW + 0,1 mW

i) 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

3/ 5015
ha4

Within one layer, (14Hmax "14Hmir% < 0,33 (with PBS)
14Hmax

Within ong layer, (14Hmax "14Hmiry < 0,20 (without PBS)
14Hmax

Within ong revolution, (/14Hmax "14Hmir% < 0,15 (with PBS)
14Hmax

Within ong revolution, (14rmax _114Hm"% < 0,10 (without PBS)
14Hmax

30.2.1.1 |ReflectancexModulation product
The Refletance of the disk (see 12.3) multiplied by the Modulation (5\normalized /14, modulated amplitude)
shall be RKM = R4 x 11%4H , RxM > 0,029

At the megsurement location both layers shall be recorded.

30.2.2 Signal asymmetry

lian +har 3y +lap

—0p5< 2 2 <4015
lig

30.2.3 Jifter
The jitter ghall be measured-at.the Reference velocity using the circuit specified in Annex E.
The jitter neasurementishall be using the conditions specified in 28.4.

The measjured jitter.shall not exceed 9,0 %.

30.2.4 Tchk Cross signal

Iy+1
The Track Cross signal (see 26.3) shall meet the following requirement: % >0,10
1+12

max

30.2.5 Differential phase tracking error signal

The output currents of the four quadrants of the split photo detector shown in Figure 40 are identified by
Ia, Ib’ IC’ and Id'
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e differential phase tracking error signal shall be derived from the phase differences between'the
rrents of diagonal pairs of photo detector elements when the light beam crosses the tracks:

hase (/,+1;) - Phase(l,+/y)} , see Figure 41 and Annex F.
e phase difference signals shall be low-pass filtered with f(-3 dB) of 30 kHz.

is differential phase tracking error signal shall meet the following requirements (see Figure 41):

the positive 0 crossing A_t/T shall be in the range 0,5 to A)1)at 0,10 um radial offset, where

erage time difference derived from the phase differences between the sum of the currents of diag
photo detector elements, and T is the Channel bit clocképeriod.

ymmetry (see Figure 41)

T1 =Ty

e asymmetry shall meet the following requirement: ——=
|T1 + T2|

<0,20,

ere T, is the positive peak value of E/T and T, is the negative peak value of E/T

—~* 0 Level

_ Radial spot displacement

sum of the

Zt is the
onal pairs

" Tp: Track pitch

30

Figure 41 — Differential phase tracking error signal

.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:

©l

0< [(Ia +Id);(lb +IC)]pp <09
14
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31 Qua

For the infegrity of the data on the disk, the recording layer shall fulfil the following initial quality requirements

Figure 42 — Tangential push-pull signal

ity of the recording layer

31.1 Defiects

Defects affe air bubbles and black spots. Their diameter shall meet the following requirements:

— for ai

bubbles it shall not exceed 100 pm,

— for black spots causing birefringence it shall not exceed 200 um,

— for black spots not causing birefringence it shall not-éxceed 300 um.

In addition

— thetd

— there

, over a distance of 80 mm in scanning direction of tracks, the following requirements shall be met:

tal length of defects larger than 30/ shall not exceed 300 pm,

shall be at most 6 such defects:

31.2 Data errors

A byte er
recorded

A row of 4

If a row @

for occurs whencone or more bits in a byte have a wrong value, as compared to their original

alue.
n ECC Block as defined in 13.3 that has at least 1 byte in error constitutes a Pl error.

f an ECC Block as defined in 13.3 contains more than 5 erroneous bytes, the row is said to

“Pl-uncorr

ectable”.

be

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.

88
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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
quatity of the data, necessary for data mterchange.

ry

32.1 Environment

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 entrange surface
of the disk shall be cleaned according to the instructions of the manufacturer of the disk.

32.2 Reference Drive

All signals specified in clause 33 shall be measured in the indicated ¢channels of the Referencg Drive as
defined in clause 9. The drive shall have the following characteristics for the purpose of these tests:

32.2.1 Optics and mechanics

THe focused optical beam shall have the properties already defined in 9.2 a) to i). The disk shall| rotate as
specified in 9.5.

32.2.2 Read power

THe optical power incident on the entrance surface of the disk (used for reading the informatior]) shall be
1,2 mW + 0,1 mW.

32.2.3 Read channels

THe drive shall have two read-channels. Read Channel 1 gives a signal (/4 + I5) related to the total famount 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 .inqthe two halves of the exit pupil of the objective lens. These channe|s can be
implemented as givényin 9.3 and 9.6.

THe signal fromRead channel 1 is equalized and filtered before processing. The threshold level for|binarizing
th¢ read signal shall be controlled to minimize the effects of mark and space size changes due to parameter
variationssduring writing. For measurement of the disk quality as specified in clause 33, the equglizer, filter
and slicer, and the characteristics of the PLL shall be the same as specified in Annex E fof the jitter
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,
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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-
cannot be

system c3

90

written data in a Recording Unit as read in Read channel 1 shall not contain any byte errors tlat
corrected by the error correction defined in 13.3. To relieve this requirement, a defect managem
n be used, which autonomously replaces unreliable Recording Unitsi{see clause 3).

nt
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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 speci

ied in this

dd

cument, except for the following items:

see:

see:

see:

See:

See:

See:

See:

see.

10.2 Overall dimensions
The disk shall have an overall diameter d4 = 80,00 mm * 0,30 mm
10.7 Information Zone

The Information Zone shall extend over both recording layers_between diamet
diameter

d7 = 77,5 mm min.
10.7.1 Sub-division of the Information Zone

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

dg = 76,00 mm makx,
which is the beginning/end of the MiddleZones.
11.1 Mass
The mass of the disk shall be inithe range of 6,0 g t0 9,0 g.
11.2 Moment of inertia
The moment of inertia‘of the disk, relative to its rotation axis, shall not exceed 0,010
11.3 Dynamic Imbalance
The dynamic impalance of the disk, relative to its rotation axis, shall not exceed 1,5
14.1 Track shape

The tracks shall be continuous in the Information Zone.
The-groove tracks shall start at a radius of 22,00 mm max. and end at a radius of
min’.

14.4.1.1 ADIP word structure, bits 2 to 23

Physical ADIP Address (033A7F), which is the last address corresponding to the
on Layer 0, shall be located at radius 38,00 mm max

er dg and

shall be

g-m=<.

J-mm.

38,75 mm

Data Zone

— __PhysicarADPAddress{FCC5807), whithisthefirst address comresponding to the Data Zone

See:

on Layer 1, shall be located at radius 38,00 mm max
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.

© ISO/IEC 2009 — All rights reserved
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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
l Sectors
Lead-in |all the same as 120 mm disk - - -
<
S Data |Data Zone start 24,000 mm (030000) 649 728 max
§ Buffer Zone 3 start 56,000 mm | (OCEAUQ) max 768
g Middle (at full capacity)
.E Zone 0 |Reserved Zone 4 (OCEDO00) max 256
& Guard Zone 2 (OCEE00) max | 4096 min
=~
Reserved Zone 5 start 38,090 mm (OCFEO00) 4 096
l g:i:,e; Outer Disk Test Zone start 38,162 mm (ODOEO00) 8 192
Area |Guard Zone 3 start 38,305 mm (OD2E00) .
end > 38,500 11 216 nominal
Table A.2 — Layout of Layer 1 of a fully formatted disk
Description Nominal radius | PSN of the first Number of
in mm Physical Sector Physical
T Sectors
Lead-out |all the same as 120 mm disk - (FDO000) -
.§ Data |Data Zone énd 24,000 mm | (F31600) min | 649 728 max
1T
o end 38,000 mm
S | hmigge |oTer4one 3 (at full capacity) | (F31300) min 768
(=)
.E Zone 1 |Reserved Zone 4 (F31200) min 256
§ Guard Zone 2 (F30200) 4 096 min
= Reserved Zone 5 end 38,090 mm (F2F200) 4 096
T g‘r‘itz Outer Disk Test-Zone end 38,162 mm |  (F2D200) 8 192
Area |Guard Zone)3 end 38,305 mm .
start > 38,500 _ 11 216 nominal
see: 1740.1 Physical format information
Bytes 4 to 15 — Data Zone allocation
Bytes 13 to 15 shall specify the maximum possible Physical Sector Number of the Dat
Zone on Layer 0 (this PSNTepresents the focation of the rayer jump, see
16.1). This value shall be < (OCE9FF)
see: 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

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

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 (OCEE0Q) max

Physical Sector 851 455
Physical Sector 851 456

Figure A.1 — Middle Zone on Layer 0

Physical Sector 15 925 759
Physical Sector 15 925 760

Physical Sector 15 929 855 min
Physical Sector 15 929 856 min

Physical Sector 15930 111 min
Physical Sector 15 930 112 min

Physical Sector 15 930 879 min
Physical Sector 15 930 880 min

Figure A.2 — Middle Zone on Layer 1

see: 19.1 Buffer Zone.3

The outermost possible start location of Buffer Zone 3 is (OCEA00) on Layer 0 and (F

Layer 1.
see:19.3_Guard Zones 2

If the fall)storage capacity (649 728 sectors) of the disk is used, these zones shall con

Physical Sectors.

ifonly 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 gap|

min 4 096 Physical Sectors
with Main Data set to (00)

Outer Drive Area

Outer Drive Area

Guard Zone 2
min 4 096 Physical Sectors
with Main Data set to (00)

Reserved Zone 4
256 Physical Sectors
with Main Data set'to (00)

BufferZohe 3
768 Physical Sectors
with Maim:Data set to (00)

Data Zone on Layer 1

Guard Zone 2 and the Outer Drive Area);

if n > 6 144, both Guard Zones 2 shall contain at least 10 240 Physical Sectors, adjoirn

Physical Sector (0CFDFEF)
Physical Sector (OCFEOO)

Physical Sector (F301FF)
Physical Sector (F30200)

Physical Sector (F311FF) mjin
Physical Sector (F31200) mjn

Physical Sector (F312FF) mjin
Physical Sector (F31300) mjn

Physical Sector (F315FF) mlin
Physical Sector (F31600) mjn

Reserved Zone 4 (on each layer a gap between Guard Zone 2 and the Outer Drive Area is

allowed).

ing the

31300) on

tain 4 096

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 (22ECO00)

Physical Sector (22FBFF)
Physical Sector (22FCO00)

Physical Sector (232BFF)

Physical Sector 2 305 024

Guard Zone 3
nominal 11 216 Physical
Sectors

Physical Sector (232C00)

with Main Data set to (00)

Figure A.3 — Outer Drive Area on Layer 0

- Guard Zone 3
nominal 11 216 Physical
Sectors
with Main Data set to (00)

Outer Disk Test Zone
8 192 Physical Sectors

Reserved Zone 5
4 096 Physical Sectars
with Main Data set to (00)
(9ap)
- Guard.Zone 2 -—-
with Main Data set to (00)

Physical Sector 14 472 191 Physical Sector (DCD3FF)

Physical Sector 14 472 192 Physical Sector (DCD400)

Physical Sector 14 484 479
Physical Sector 14 484 480

Physical Sector (DDO3FF)
Physical Sector (DD0400)

Physical Sector 14 488 575 Physical Sector (DD13FF)

Figure A.4 —.Quter Drive Area on Layer 1

see: 20.2 Outer Disk Test-Zone

8 192 Physical Sectors\.réserved for drive testing and OPC algorithm (see Annex I). This Zohe
shall be filled with Main)Data set to (00).

see: 23.3 Sequential recording

Table A.3 — Length of Dummy Zone on Layer 0

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

End of the Dummy Zone on Layer 0
(radius)

less than 34,0 mm 35,0 mm min.
34,0 mm to 37,5 mm

37,5 t0 38,0 mm

end radius Data Zone + 1,0 mm min.
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

ISO/IEC 29642:2009(E)

Byte D46 — Recording status flag

bits 6 to 5:
for Layer 0O:
ZERO ZERO
ZERO ONE
ONE ZERO

ONE ONE

for Layer 1:
ZERO ZERO
ZERO ONE
ONE ZERO

ONE ONE

No Middle Zone 0 and Outer Drive Area has been recorded
Temporary Middle Zone 0 has been recorded

Middle Zone 0 is recorded from address (OCEAQQ) to
address (OCFDFF) (see clause 19 and 23.2.1)

Middle Zone 0 and Outer Drive Area are fully recorded

————————————adjoining-theactuattastsectorof the BataZoneontayer 0

at PSN (end_LO0).

No Middle Zone 1 and Outer Drive Area has been recofded
Temporary Middle Zone 1 has been recorded
Middle Zone 1 is recorded from address‘(530200) to address
(F315FF) (see clause 19 and 23.2.1)

Middle Zone 1 and Outer Drive Arga-are fully recorded
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

application h .g._encryption ryption k n for -protection tem. This annex only
specifies the general structure for such information.

B.1 Extended format information

The Exterjded Format Information consists of a table of contents (EFI TOC) and up to 16 distinct regions that
contain additional format information. The EFI TOC defines the location and contents of the regions contained
in the Extended Format Information, see B.1.1. The EFI TOC shall be stored in the ADIP Aux Frames (see
14.4.1.1) iIn the Data Zone, starting at the ADIP word that has Physical ADIP Address.(00C000). The regions
of the Extgnded Format Information shall be located in the ADIP Aux Frames in the Data Zone and/or shall pe
present a$ pre-recorded areas in the main data channel. Each region contains*one or more copies of a data
block of a|particular type, as indicated in the EFI TOC. Each region shall be contained 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 BFI
TOC and [the VCPS-defined regions that are contained in the ADIR*Aux Frames in the Data Zone. The EFI
TOC condists of 8 consecutive copies of an ETOC block, where.each ETOC block contains the complete BFI
TOC infomation (see B.1.1). The VCPS-defined hash region(contains one or more copies of the DKB hgsh
value, as ppecified in the EFI TOC. The VCPS-defined DKB region contains one or more copies of the DKB,
as specifigd in the EFI TOC. Gaps may exist between-afty two regions. All bytes in the ADIP Aux Frames|in
the gaps ghall be set to (00).

0Kx0C000 0x0C800
A \4
EFI TOC gap hash region | gap | DKB region
i % H ™, ™,
; ! AN
/ | A_,’ \\ AN N bytes
\ / \\\ . A
/ N )
/ Sl \_ | D8 DKB | -~
\ / 16 bytes ™.
“1& / —A \ # of copies specified in EFI TOC
/ \ | hash hash | - | hash |
" 256-bYtes x\\ # of copies specified in EFITOC
AV _ S \
ETIOG+ 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

Re¢gion Descriptor #i: Region Descriptor #i contains information withrespect to the i-th reglon of the
Extended Format Information (1 </ < n < 16). A Region Descriptor ,censists of a Basic Region Pescriptor
followed by zero or more Extended Region Descriptors. The format of-a Basic Region Descriptor is|defined in
Figure B.3. The format of an Extended Region Descriptor is defined/in Figure B.4.

Bit

Byte 7 6 5 4 3 2 1 0
0 (msb)
1 Region Type Identifier
2 (Isb)
3 Extent | Version number
‘51 (msb) Region Start Address (Isb)
6 (msb)
: Data Block Size
9 (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 blockd stored in
differentregions having the same Region Type Identifier shall be identical.

Extent: The Extent hit 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: Tlhe Private bit shall indicate if a Drive is permitted to output the contents of the region, as-follows:
0: A Drive is permitted to output the contents of the region.
1: A Drive is not permitted to output the contents of the region.

Alternatiye Location: In addition to, or alternative to storage in the ADIP Aux Frames, the data block may pe
stored in @ contiguous area of the main data channel. In that case, the Alternative) Location specifies the first
Physical $ector Number of the location in the main data channel that contains<one or more copies of the data
block. Otherwise, Alternative Location shall be set to zero. Note that the format of the data block as contained
in the ma|n data 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
0 (msb)
1 RegionZType Identifier
2 (Isb)
3 Extent | Version number
4
: Reserved
15

Figure\B.4 — Extended Region Descriptor

in

Region Type Identifier: the Region Type Identifier shall be identical to the Region Type ldentifier contained
the preceding Basic Region Descriptor.

Extent: The Extent bit-shall indicate if this Extended Region Descriptor is followed by another Extended
Region Dgscriptor, asfollows:

0: his Extended Region Descriptor is not followed by another Extended Region Descriptor.

1: his )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).
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Annex C
(normative)

Measurement of light reflectivity

tir\h mathod

T o TrroT

e reflectivity of a disk can be measured in several ways. The two most common methods aré:
parallel method,
focused method.

r use in players the focused method with the help of a reference disk with knowh teflectance ig
evant and easiest one, while for the calibration of the reference disk the parallel method is easier.

hen measuring the reflectivity in the focused way, only the light returned hy the reflective layer
) will fall onto the photo detector. The reflected light coming from the front surface of the disk an

ming from the parasitic reflections inside the disk will mainly fall outside the photo detector. Beca
rallel method only the “total” reflected power (/;;) can be measured, @ calculation is needed to dets

ain” reflectance from the reflective layer.

good reference disk shall be chosen, for instance 0,6 mmm'glass disk with a golden reflective m
erence disk shall be measured by a parallel beam as shown in Figure C.1.

B r R

Figure C.1 — Reflectivity calibration

thiscFigure the following applies:

the most

bf the disk
d the light

use in the
ermine the

irror. This

99

R = Feflectance of the recording layer (iIncluding the double pass substrate transmittance)
Is = reflectance of the entrance surface
Rret = reflectance as measured by the focussed beam (is by definition = I f )

B
Ry = reflectance as measured by the parallel beam (is by definition = I//I )

B

Is = power of incident beam
Is = reflected power from entrance surface
Im reflected power from recording layer
fint = reflected power from internal reflections between entrance surface and recording layer
Iy = measured reflected power (I + Iy + fint)
© ISO/IEC 2009 — All rights reserved
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The reflectance of the entrance surface is defined by:

2
rg = (H—_D , Where n is the index of refraction of the substrate.
n+

The main reflected power I, = I - I5 -lint which leads to:

R _{(1—rs)2x(R,,—rs)1
ref — | 4, (> p
L S \

w7 ]

The refergnce disk shall be measured on a reference drive. The total detector current (/4 + /o) obtained from
the reference disk, and measured by the focused beam is equated to /,, as determined above.

Now the @rrangement is calibrated and the focused reflectance is a linear function of the,reflectivity of the
recording Jayer and the double pass substrate transmission, independently from the reflectivity of the entrance
surface.

C.2 Metsuring method
i

Reflectivity in the unrecorded Information Zone

A method|of measuring the reflectance using the reference drive.

(1) Measyre the total detector current (/4 + I5)s from the referenee disk with calibrated reflectance Ry

(2) Measyre the total detector current (/4 + /)4 from a groove track in an area of the disk under investigation
wherg the groove track and the two adjacent tracks' on each side of the track to be measured have been
erasefl. Erasure 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 the unrecorded disk reflectance R, as follows:

|1 + |2)g

R,=l~ <749
I ly+12);

X Rref

Reflectivity in the recorded.Information Zone
A method|of measuring/the‘reflectance using the reference drive.

(1) Measure the tatal detector current (11 + 12)s from the reference disk with calibrated reflectance Rref.

(2) Measyrel14H from a recorded groove track in an area of the disk under investigation where at least the
two atjacent 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:

l14H
Rian =7 3 *Rref
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Annex D
(normative)

Measurement of birefringence

In[order to measure the birefringence, circularly polarized light in a parallel beam is used” The phase
retardation is measured by observing the ellipticity of the reflected light.

radial direction

Figure D.1 — Ellipse with ellipticity e = b/a and orientation 6
THe orientation 6 of the ellipse is determined by the orientation of the optical axis

= y- /4 (1)
where y is the angle between the optical axis and the radial direction.

THe ellipticity, e/5b/a, is a function of the phase retardation &

1(=
e= tan|:5[5 - 8):| (2)

When the phase retardation 61s known the birefringence BR can be expressed as a fraction of the wavelength

BR :Lénm (3)
2n

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.
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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°

relativeto the Tadtaptane perpendicutar
to Reference Plane P

Disk mounting horizontally
Rothgtion less than 1 Hz
Temperature and relative humidity as specified in 8.1.1

D.3 Exgmple of a measurement set-up

Whilst thid International Standard does not prescribe a specific device for measuring birefringence, the dev

shown schematically 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 1

FigureD: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/4 plate.

The ellipticity,of\the reflected light is analyzed by a rotating analyzer and a photo detector. For every location
on the disk{the minimum and the maximum values of the intensity are measured. The ellipticity can then pe

calculated=s

e2 = Iin
max

Combining equations (2), (3), and (4) yields

BR = & - &arctan
4 & max

(4)
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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

al system diagram shall be as shown in Figure E.1.

pre-amp's

HF-signal f
|_

RN

AC-coupling

hid

EQ

-quadrant

LPF

pto-detector

phase detector
jF filter
VCO

slicer PLL

dll ' data clock
edges signal

e.g. Time Interval Analyzer

jitter analyzer

start/stop signal
from revolution pulse

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

ISO/IEC 29642:2009(E)

TH

-40 dB/decade

-20 dB/decade

0dB 5 \

-40 dB/decade

Figure E.2 — Schematic representation of the open-loop transfer function for PLL

3 Slicer

» Frequency (kHg)

e slicer shall be a 15t ordér; integrating feed-back auto-slicer with a -3 dB closed-loop bandwidth df 5 kHz.

o prevent

E{4 Conditions'for measurement
THe bandwidth of the pre-amplifier of the photo detector shall be greater than 20 MHz in order
grpup-delay 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
© ISO/IEC 2009 — All rights reserved
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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.

Gain (dB)
+6
 —— Equalizer +—~——
Vv N
PR, e ~
+3 7 = ~ <

L \
/ \\
= Equalizer +
~ Bessel filter \

~
=) N ~ ]
-3 Bessel filter T
~
‘N
\ o
-6
0 S Frequency (MHz) 10

Figure E.3 — Frequency characteristics for the equalizer and the low-pass filter

E.5 Measurement

The jitter ¢f all leading and trailing edges, over one revolution shall be measured.
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independently after equalization of the wave form with the transfer function defined by:
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Sig
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Annex F
(normative)

Measurement of the differential phase tracking error

' . thod for the_differential o} racki

e reference circuit for the measurement of the tracking error shall be that shown in Figure F4YE
the diagnonal pairs of elements of the quadrant photo detector shall be converted-to’ bing

Hiw)=(1+16x107" xiw)/(1+4,7x108 x iw)

e gain of the comparators shall be sufficient to reach full saturation on the/outputs, even with
nal amplitudes. Phases of the binary pulse signal edges (signals B1 ahd B2) shall be comparg
ner to produce a time-lead signal C1 and a time-lag signal C2. The phase comparator shall rea

S
an

Sy
to

Th
sh

wh

inriividual edge with signal C1 or C2, depending on the sign of At;. A tracking error signal shall be pr

oothing the C1, C2 signals with low-pass filters and by subtrdeting by means of a unity gain
hplifier. The low-pass filters shall be 1% order filters with a cut-Off frequency (-3 dB) of 30 kHz.

ecial attention shall be given to the implementation of the)circuit because very small time differe
be measured (1 % of T equals only 0,38 ns). Careful averaging is needed.

e average time difference between two signals from the diagonal pairs of elements of the quadra
all be

= _ 1
t=7 Al

ere N is the number of edges,both rising and falling.

hch output
ry signals

minimum
d to each
ct to each
bduced by
Hifferential

hces have

ht detector

F22 Measurement of, At /T without time interval analyzer
THe relative time différence At/T is represented by the amplitude of the tracking error signal provided that the
amplitudes of the'€1 and C2 signals and the frequency component of the read-out signals are nprmalized.
THe relationbetween the tracking error amplitude ATVE and the time difference is given by:
t; At At
ATVE LVpc :LV :A_tXE
MT; 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:

©l

0.5x(Vp%) <ATVEL 1.1x(Vp%) at 0,1 um radial offset.

SO/IEC 2009 — All rights reserved

107


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

ISO/IEC 29642:2009(E)

108
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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
tinme—Therefore—theTircuit shattbecatibrated—with—=fixedfrequency sigmat; cormrespordingto—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 lan oufput signal
switching between ground and the supply voltage. This voltage swing is assumed to ‘be aboyt 5 volts,
hgwever, depending on the applied technology, it may deviate from 5 volts significantly.

Bgcause the formal specification for the DPD signal is:

O,SSA%S 1,1 at 0,1 um radial offset,

th¢ measurement by means of ATVE is influenced by the actualvalues of Vpc and n. Therefore th¢ following
calibration procedure shall be applied.

F.B.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 B2 are square wave signals. In this case thecamplitude of the signal TVE is independent of the|amplitude
of the input signals.

saturation area

TVE signal
amplitude

—>
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)
ATVET
1.2 *
theoretical line for
1.0 Vpc=5V and n=5

0.8
A\
0.6 d
0.4 ,/ example of
: / measured. ihg
0.2 o
o

0

0 02 04 06 08 10 12
AtND
—

Figure F.3 — ATVE versus At/T
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The write pulse wave form for testing

Annex G
(normative)

ISO/IEC 29642:2009(E)

For the two layers and for different speed ranges, different write strategies can be used. This version of this

do

cument specifies two options:

G

TH
Cco

Th
thg

1 N-1 write strategy

a N-1 write strategy, where each runlength of NT is recorded by means of N-1 pulses, and
a N/2 write strategy, where each runlength of NT is recorded by means of int(N/2) pulses.

e write pulse waveform obtained from the NRZI data and the channel clock jis shown in Fig
nsists of N-1 pulses, where N is the length of the NRZI pulse expressed in channel clock cycles.

e values for Pw, Pe, and Pc are determined according to the OPC algorithm (see Annex ). An €
b write pulse waveform for the minimum mark, the minimum space and an 8T mark is shown in Fig

re G.1. 1t

xample of
ure G.2.

T T T
\ \ \
NRZI channel bits \ \ | | \
| | PR |
\ \ I | \
: \ g | \ :
I | _>l__l<_m9| | I | |
I, R& | | o
:dT M—ﬂhr : ! 4T —>—<hd|
1dTiop 1 1o ! o | | byl g ! |
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0 | t dTip.4)| N
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| ! ! |
—————————————— i-- :
b 1| \ \ | | \ :
¢ ! ! | | ! |
\ 4 \ 4 , OmW | x 1 1 1 .

| (dTera,S |

dTera,4)

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:

©l

Ttop =jx %6 Tw,

wherei=3,4, ..or15

1
Tmp=m><%6TW, wherem=3,4,..0or13
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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)

dTiep =P x%s Tw » wherep=-8,-7,..,-1,0,1, .. or 15 for any runlength > 4T

dTtpp,3 =q x 16 TW , Wwhereq=-8,-7,..,-1,0,1, .. or 15 for runlengths = 3T
it

dTip=rx/16 TW | wherer=-8,-7,..,-1,0,1, .. or 7 for any runlength > 5T

M
dTip,3=s x/16 TW , where s =-8,-7,..,-1,0,1, ..or 7 forrunlengths = 3T

M
dTip,4 =t x /16 TW , wheret=-8,-7,..,-1,0,1, .. or 7 for runlengths = 4J

4 :
dTdra=ux/16 TW | whereu =-8,-7,..,-1,0,1, .. or 15 when preceding mark length > 5T

yA .

dTdra,3=vx/18TW, wherev=-8,-7,..,-1,0,1,..or 15 wher preceding mark length = 3T

1
dTdra,4= w x %6 TW, wherew=-8,-7,..,-1,0,1,..0oP15 when preceding mark length = 4T

The accuracy of all pulse widths shall be better than + 0,5.ns:

NRZI data

3T
space

I gl )

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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