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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of 1SO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. 1ISO and IEC technical committees
collaboratg in fields of mutual interest. Other international organizations, governmental and non-governmental, in
liaison with ISO and IEC, also take part in the work.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

In the field of information technology, ISO and IEC have established a joint technical committeg) 1SO/IEC| JTC 1.
Draft Inteqnational Standards adopted by the joint technical committee are circulated to natignal bodies for voting.
Publicatioh as an International Standard requires approval by at least 75 % of the national.bodies casting a Yote.

This Interpational Standard was prepared by ECMA (as ECMA-274) and was adopte@; under a special “fgst-track
procedure’, by Joint Technical Committee ISO/IEC JTC 1, Information technology;~in ‘parallel with its appfoval by
national bpdies of ISO and IEC.

Annexes A to J form an integral part of this International Standard, annexes K-o N are for information only.
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Information technology - Data interchange on 120 mm optical disk cartridges using
+RW format - Capacity: 3,0 Gbytes and 6,0 Gbytes

Sectiom T=General

1 Scope

This Ipternational Standard specifies the mechanical, physical and optical characteristics of {120 mm
rewritalple optical disks with capacities of 3,0 Gbytes and 6,0 Gbytes. It specifies the quality‘of the recprded and
unrecotided signals, the format of the data and the recording method, thereby allowing fordrformation interchange
by medns of such disks. The data can be written, read and overwritten many times using the phage change
method. These disks are identified as +RW.

This International Standard specifies

— twdrelated but different Types of this disk (see clause 7),

— the[conditions for conformance,

— thelenvironments in which the disk is to be tested, operated and,stored,

— the[mechanical, physical and dimensional characteristics of the disk, so as to provide mechanical irfterchange
betweep data processing systems,

— the[format of the information on the disk, including the physical disposition of the tracks and sectorq, the error
correcting codes and the coding method,

— the|characteristics of the signals recorded on the\disk, thus enabling data processing systems to read the data
from the disk.

This Infernational Standard provides for theCinterchange of disks between optical disk drives. Together with a
standand for volume and file structure, it provides for full data interchange between data processing systems.

2 Conformance

2.1 |Optical Disk
A claiml of conformance with (this International Standard shall specify the Type implemented. An opticall disk shall
be in cgnformance with this International Standard if it meets all mandatory requirements specified for its [Type.

2.2 |Generating system
A genefating system.shall be in conformance with this International Standard if the optical disk it generates is in
accordance with<2.1.

2.3 |Regeiving system

A receijing system shall be in conformance with this International Standard if it is able to handle both Types of
optical disSk according 10 Z.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 ECMA and International 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 reference

The following standard contains provisions which, through reference in this text, constitutes provisions of this
International Standard. At the time of publication, the edition indicated was valid. All standards are subject to
revision, and parties to agreements based on this International Standard are encouraged to investigate the

© ISO/IEC 1999 — All rights reserved 1
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possibility of applying the most recent edition of the standard indicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

IEC 60950:1999, Safety of information technology equipment.

4 Definitions
For the purposes of this International Standard the following definitions apply.

4.1  Alternating Fine Clock Mark (AFCM): A single cycle deviation of the track from the average track
centreline which is recorded periodically.

4.2 rks and

4.3 amping

4.4  Digital Sum Value (DSV): The arithmetic sum obtained from a bit stream by allocating the decimpl value

4.5 Disk Reference Plane: A 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.

4.6 dymmy substrate: A layer which may be transparent or not, provided-forthe mechanical suppoft of the
digk, and in some cases, of the recording layer as well.

4.7 erjtrance surface: The surface of the disk onto which the opticalbeam first impinges.
4.8 fidld: A subdivision of a sector.

4.9 inferleaving: The process of reallocating the physical sequence of units of data so as to render the data
more immune to burst errors.

2 © ISO/IEC 1999 — All rights reserved
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land and groove: A trench-like feature of the disk, applied before the recording of any information, and
used to define the track location. The groove is located nearer to the entrance surface than the land. The
recording is made in the groove.

mark: A feature of the recording layer which may take the form of an amorphous domain, a pit, or any
other type or form that can be sensed by the optical system. The pattern of marks and spaces represents
the data on the disk.

phase change: A physical effect by which the area of a recording layer irradiated by a laser beam is
heated so as to change from an amorphous state to a crystalline state and vice versa.

Physical Sector: The smallest addressable part of a track in the Information Zone of a disk that can be

4.14
4.15
4.16
4.17

4.18

4.19
4.20

4.21
4.22

4.23

5
51

A meag
implies
range O

Numbe

Numbe

The sefting of bits is denoted by ZERO and ONE.

Numbe
bit shoy

significant bit (Isk)< Bit b, shall be recorded first.

NegatiV

accessed independently of other addressable parts of the Zone.

recording layer: A layer of the disk on which data is written during manufacture and / or use.
Reed-Solomon code (RS): An error detection and / or correction code.

segment number: Angular location information contained in wobble data.

Space: A feature of the recording layer which may take the form of an crystalline;“a non-pit, or|any other
type or form that can be sensed by the optical system. The pattern of markS and spaces represents the
data on the disk.

substrate: A transparent layer of the disk, provided for mechanical support of the recording laygr, through
\which the optical beam accesses the recording layer.

track: A 360° turn of a continuous spiral.

track number: Radial location information contained in the"webble data, designating the tradk count in
the rewritable region of the disk.

track pitch: The distance between adjacent track centrelines, measured in a radial direction.

wobble: A continuous sinusoidal deviation of the track from the average centreline. Location ipformation
is included as frequency modulated data in the wobble.

zone: An annular area of the disk.

Conventions and notations
Representation of numbers

ured value is rounded off to the least significant digit of the corresponding specified value. For ipstance, it
that a specified value of 1,26 with. a positive tolerance of + 0,01 and a negative tolerance of - 0,02 allows a
f measured values from 1,235:t0 1,275.

s in decimal notations are represented by the digits 0 to 9.

s in hexadecimal notatien are represented by the hexadecimal digits 0 to 9 and A to F in parenthgses.

's in binary notations and bit patterns are represented by strings of digits 0 and 1, with the most|significant
vn to the lefty In a pattern of n bits, bit b,,_; shall be the most significant bit (msb) and bit b, shall b the least

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

In each

data fieldthe data is recorded so that the maost eignifir‘:mf hy‘rn (I\IIQFZ)1 identified as Byte 0, shall be

recorded first and the least significant byte (LSB) last.

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

5.2

Names

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

© ISO/IEC 1999 — All rights reserved 3
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6 List of acronyms
ADIP Address in Pre-groove LSB Least Significant Byte
AFCM Alternating Fine Clock Mark mshb Most Significant Bit
BP Byte Position MSB Most Significant Byte
BPF Band Pass Filter NRZ Non Return to Zero
CAV Constant Angular Velocity NRZI Non Return to Zero Inverted
CLv Constant Linear Velocity OPC Optimum Power Control
DCB Disk Control ECC Block PBS Polarizing Beam Splitter
DCC d.c. component suppression Control PDL Primary Defect List
DMA Defect Management Area Pl Parity of Inner-code
D$V Digital Sum Value PLL Phase Locked Loop
ECC Error Correction Code PSN Physical Sector Number
EDC Error Detection Code PO Parity of Outer-code
F Frequency Modulation RS Reed-Solomon code
H High Frequency RUB Recording Unit BIock
I Identification Data SDL Secondary DefectList
IE ID Error Detection code Sl Spare Interval
LRF Low Pass filter SL Spare Length
LSN Logical Sector Number SPS Start Posjtion Shift
Is Least Significant Bit SYNC Synchronization code

7 General description of the optical disk

The opticgl disk that is the subject of this International Standard consists“of two substrates bonded togethgr by an
adhesive |ayer, so that the recording layer(s) is (are) on the inside.xxThe centring of the disk is performed on the
edge of the centre hole of the assembled disk on the side currently accessed. Clamping is performed in the
Clamping |[Zone. This International Standard provides for two Types of such disks.

Type S consists of a substrate, a single recording layer and a dummy substrate. The recording layer
can be accessed from one side onlyz; The nominal capacity is 3,0 Gbytes.

Type D consists of two substrates and-two recording layers. From each side of the disk only one of
the recording layers can be aceessed. The nominal capacity is 6,0 Gbytes.

Data can pe written onto the disk as marks inthe form of amorphous spots in the crystalline recording lalyer and
can be ovprwritten with a focused optical beam, using the phase change effect between amorphous and crystalline
states. The data can be read with a foclised optical beam, using the phase change effect as the difference in the
between amorphous and™crystalline states. The beam accesses the recording layer thrpugh a
t substrate of the disk.

4 © ISO/IEC 1999 — All rights reserved
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The disk is specified with two different velocity ranges, CAV and CLV with one velocity range being a subset of the
other. Each disk shall be recordable over the entire range of velocities specified for that disk.

Part of the disk contains read-only data for the drive in the form of pits embossed by the manufacturer. This data

can be read using the diffraction of the optical beam by the embossed pits.

Figure 1 shows schematically the two Types.

Entrance surface

Suhcetrata

Type S

Type D

8 General Requirements
8.1 Environments
8.1.1 |[Test environment

In the tgst environment, the air immediately surrounding the disk shall have the following properties:

Tempefrature
Relativg humidity

Entrance surface

Entrance surface

:23°C+2°C
: 45 % to 55 %
: 60 kPa to 106 kPa

ororotrett

Recording layer
Adhesive layer
Dummy substrate

«¢— Substrate

Recording layer
Adhesive layer

€«—< 7 — Recording layer

Substrate

Figure 1 - Type§’of 120 mm +RW disks

ed in this

disk shall

lard in the

specrfred test envrronment shall provrde data mterchange over the specrfred ranges of envrronmental parameters in

the operating environment.

The operating environment is the environment where the air immediately surrounding the disk has the following

properties:

temperature

relative humidity
absolute humidity
atmospheric pressure
temperature gradient
relative humidity gradient

© ISO/IEC 1999 — All rights reserved

:5°Cto55°C
:3%1t085%

: 1 g/m3 to 30 g/m3
: 60 kPa to 106 kPa
110 °C/h max.

1 10 %/h max.
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No condensation on the optical disk shall occur. If an optical 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 an environment where the air immediately surrounding the disk shall have

the following properties:

temperature :-10°Cto55°C
relative humidity :3%t090 %
absolute humidity : 1 g/m3 to 30 g/m3
atmospheric pressure : 60 kPa to 106 kPa
temperatdre gradient - I5°C/h max.
relative hymidity gradient : 10 %/h max.

No condepsation on the optical disk shall occur.

8.14 Tr

Ansportation

This Interpational Standard does not specify requirements for transportation; guidance is givenin annex K.

8.2 S4

The disk {
foreseeab)

8.3 Fl

The disk 4
or better,

9 R

ifety requirements

hall satisfy the safety requirements of Standard IEC 60950, when used in.the’intended manner g
e use in an information processing system.

bmmability

nd its components shall be made from materials that comply withthe flammability class for HB m
hs specified in Standard IEC 60950.

pference Drive

The Refefence Drive shall be used for the measurement.‘@f optical parameters for conformance
requirements of this International Standard. The critical , components of this device have the charag
specified in this clause.

9.1  Optical system

The basid set-up of the optical system of the Reference Drive used for measuring the (over)write a
parametefs is shown in figure 2. Different compoenents and locations of components are permitted, provig
the performance remains the same as that of the set-up in figure 2. The optical system shall be such
detected l|ght reflected from the entrance surface of the disk is minimized so as not to influence the accurad
measurements.

rin any

Aterials,

vith the
teristics

nd read
ed that
hat the
y of the
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The combination of polarizing beam splitter C and a quarter-wave plate D shall separate the entrance op

from a
intensit

9.2

The fodused optical beam used for writing and reading data shall have the following properties:
a) Walvelength () 650nm*

b) Nummerical aperture of the objective lens (NA) 0,60 + 0,01

c) The objective lens shall be compensated for spherical aberrations caused by a parallel substrate wi
thidkness (0,6 mm) and nominal refractive index (1,55).

ISO/IEC 16969:1999(E)

Hi
Read Channel lIk
-
= Reud Chaonel 30
_>. _ i
Taneential
track
direction
.
A B E
A Laser divde i Optival disk _
L Callimazor lens O 4 quadrantpdioto detecoor
' Polarizing heam splitter TNLIT=0T50T dee coupled amplifiers
B} Ouarter=wave plate Lo tha a0y Cutpulenrments [Tom photo delecior {r
E Objective lens I.I= Seidrmed oulpol cotrams ol 11, [y

Figure 2- Optical system of the:Reference Drive

aser diode A and the reflected optical beam from an-optical disk F. The beam splitter C shall |
y reflectance ratio of at least 100.

Optical beam

10nm
—5nm

tical beam
ave a p-s

h nominal

ve lens in

tangential

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

e) Light intensity at the ¥im of the pupil of the 30 % to 50 % of the maximum intensity object|
e radial direction and 40 % to 60 % in the

direction.

f) Polarization Circularly polarized light

g) Reatpowet +-O-Fa—— OV

h) Write power and pulse width see annex E

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]

9.3

Read channel 1

Read channel 1 shall be provided to generate signals from the marks and spaces in the recording layer. This Read
channel shall be used for reading the embossed information, using the diffraction of the optical beam by the marks,
and be used for reading the user-written information, using the change in reflectivity of the marks and spaces due
to the phase change effect. The read amplifiers after the photo detectors in the Read channel shall have a flat
response within 1 dB from d.c. to 20 MHz.

© ISO/IEC 1999 — All rights reserved
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For measurement of jitter, the characteristics of the PLL and the slicer, etc. are specified in annex C.

9.4  Disk clamping

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

_ +0,5mm
di, =22,3mm’ 0.0mm

and

_ +0,0mm
doy _32,7mm_0’5mm

The total ¢lamping force shall be F; = 2,0 N £ 0,5 N. In order to prevent warping of the disk undep the moment of
force gengrated by the clamping force and the chucking force F, exerted on the rim of the centre hole of the disk,
F, shall ngt exceed 0,5 N (see figure 3).

dout

disk

F

a

Figure 3 - Clamping and chucking conditions

The taperéd cone angle, a, shall he*40,0° + 0,5°.

9.5 Rotation of the disk

The actugl rotation speed for reading the disk shall be such that it results in the reference velpcity of
4,90 m/s 4 0,22 m/s at.the nominal Channel bit rate of 27,791 016 Mbit/s. The direction of rotation shall be ¢ounter-
clockwise|when viewed from the objective lens.

The actudl rotation speed for writing the disk shall be such that it includes the minimum and maximum velocities
specified for-the disk (see 17.4.1).

9.6  Tracking channel (Read channel 2)

Read channel 2 of the drive provides the tracking error signals to control the servos for radial tracking of the optical
beam. The method of generating the axial tracking error is not specified for the Reference Drive. The radial tracking
error is generated in Read Channel 2 as a signal (/1 - I,) related to the difference in the amount of light in the two
halves of the exit pupil of the objective lens.

9.6.1 Normalized servo transfer function
The open-loop transfer function, Hy(io) for the axial and radial tracking servos is given by equation (1),

8 © ISO/IEC 1999 — All rights reserved
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3w
1l (o 2 1+a>7
Hyio) = HS(ia)):—x(_—O) x——0_ (1)
3 \iw 1 o
+
3wg
where
i=+-1
w=2nf
(00 =27 TO
and f, i$ the 0 dB crossover frequency of the open-loop transfer function.
The crgssover frequencies of the lead-lag network of the servo are
lead break frequency: f; =1,/3
lag break frequency: hLh=fhx3
9.6.2 [Reference Servo for Axial Tracking
The crgssover frequency of the normalized servo transfer function (Hg) for axiaktracking, fy = @ o / (21) shall be
given by equation (2), where ¢, shall be 1,5 times as large as the maximum,expected axial accelerafion of 8,0
m/s2. The resulting tracking error e, from this ¢, shall be 0,23 pm.
Thus the crossover frequency f; shall be given by
1 [Bomax 1 | 3x8x15
fo=7— = =2,0kHz 2
0 2n\/ €max 2n\/o,23x 10° @)
For an jopen loop transfer function H of the Reference Sexvo-for axial tracking, | 1+H ]| is limited as schematically
shown by the shaded region of figure 4.
Bandwidth from 100 Hz to 10 kHz
| 1+H | [shall be within 20% of | 1+H].
Bandwidth from 23 Hz to 100 Hz
| 1+H | ghall be within the limits enclosed by the following four points.
1) 40,7|dB at 100 Hz (I 1+H, | at 100 Hz - 20% )
2) 44,2|dB at 100 Hz (I 1+H | at 100 Hz + 20% )
3) 66,2|dB at 23 Hz (l1+H | at 23 Hz - 20% )
4) 86,2 (dB at 23Hz (l1+Hg | at 23 Hz - 20% + 20 dB )
Bandwidth from 13,3 Hz to 23 Hz
| 1+H | |shall be between 66,2 dB and 86,2 dB.
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Gain (dB)

86,2
80

66,2
60

442
40,7

9.6.3 Re

The cross
given by e
resulting t

Thus the (¢

For an op
shown by

Bandwidth
| 1+H| sh

20

3 23 100 1 000 10 000
Frequency (Hz)

W oLl ____}_ |

1

Figure 4 - Reference servo for axial tracking

ference Servo for Radial Tracking

over frequency of the normalized servo transfer function(H) for radial tracking fy = @q / (2n)
quation (3), where a5, shall be 1,5 times as large as the expected radial acceleration of 1,7 m
acking error e, from this o5, shall be 0,033 um.

rossover frequency f, shall be given by
fo ot [S¥max _ 1 | 8x17x15 LS _ 24Kz
2n\ emax 21 0,033x 10

en loop transfer function H of the ‘Reference Servo for radial tracking, |1+H | is limited as schen
the shaded region of figure 5

from 100 Hz to 10 kHz
all be within 20% of [1F+H, | .

5hall be
s2. The

3)

hatically

Bandwidth from 31 Hz.te 100 Hz

| 1+H | shhll be within' the limits enclosed by the following four points.
1) 43,9 df at400 Hz (| 1+H | at 100 Hz - 20% )

2) 47,4 dB-at100 Hz (!1+|-|5! at 100 Hz + 2004 )

3) 64,2 dB at 31 Hz (|1+Hg | at 31 Hz - 20% )

4) 84,2 dB at 31 Hz (|1+Hg | at 31 Hz - 20% + 20 dB )

Bandwidth from 13,3 Hz to 31 Hz
| 1+H | shall be between 64,2 dB and 84,2 dB.

10
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Gain (dB)

84,2
80

64,2
60

474
43,9
40

20

13,3 31 100 1 000 10 000.
Frequency (Hz)

Figure 5 - Reference servo for radial tracking

Section 2 - Dimensional, mechanical and‘physical characteristics of the d

10 Dimensional characteristics

Dimendional characteristics are specified for those parameters deemed mandatory for interchange and ¢
use of the disk. Where there is freedom of design, only the functional characteristics of the elements des
indicatgd. The enclosed drawing, figure 7 shows the dimensional requirements in summarized form. Th
parts of| the disk are described from the centrexhole to the outside rim.

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

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

Reference Plane Q is the plane parallel to Reference Plane P at the height of the top surface of the
Zone.

10.2 |Overall dimensions
The disk shall have\an overall diameter

dj = 120500 mm + 0,30 mm

sk

ompatible
cribed are
e different

Clamping

Clamping

The celrtre hole of a substrate or a dummy substrate shall have a diameter (see figure 6)

+0,15mm

dsubstrate=1500mm_ 0,00mm

The hole of an assembled disk, i.e. with both parts bonded together, shall have a diameter
d, = 15,00 mm min.

© ISO/IEC 1999 — All rights reserved
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hs 90,1 mm max.

The thickn

elz

10.3 Fi

In the areq defined by d, and

a3

the surfad
max.

10.4 Sd

This area
dy S

In this are

Q.

105 Cl

This Zone

ds 3

Each sidd
Referencs

In the Clal
e2 =

10.6 TH
This area

16969:1999(E)

dsubstrate

d>

dsubstrate

Figure o - Hole diameters Tor an assembpled disk

ess of the disk shall be

+0,30mm
1.20mm_, semm

st transition area

16,0 mm min.

e of the disk is permitted to be above Reference Plane P and/or below Reference Plane Q by O

rcond transition area
shall extend between diameter d; and diameter

22,0 mm max.

A the disk may have an uneven surface or bukrs up to 0,05 mm max. beyond Reference Planes H

amping Zone
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 Clamping Zone, i.e.
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
+0,20mm
1,20mm70’10mm

ird transition area
shall extend between diameter dy and diameter

44,0 mm max.

dg

In this area the top surface is permitted to be above Reference Plane Q by

h; = 0,25 mm max.

or below Reference Plane Q by

h, = 0,10 mm max.

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

hy = 0,10 mm max.

or below Reference Plane P by

12
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h, = 0,25 mm max.
10.7 Information Zone
The Information Zone shall extend from diameter dg to diameter

d; =117,5 mm max.

This Zone contains the embossed and Rewritable areas of the Lead-in Zone, the Data Zone, and the Lead-out
Zone.

The oufer corners of the disk shall be free of any burrs or sharp features and shall be rounded-off'or chanpfered by
hi, = 0,2 mm max.

10.9 |Remark on tolerances

All heights specified in the preceding clauses and indicated by h; are independent:from each other. This means
that, fof example, if the top surface of the third transition area is below Reference)Plane Q by up to h,, there is no
implicafion that the bottom surface of this area has to be above Reference Plane P by up to h;. Where dimensions
have the same - generally maximum - numerical value, this does not imply that the actual values have to be
identicdl.
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¢ d; >
< d; a
< ds g
ds

AN

([T

T,

hs e hs hy
View A -Transition areas and Clamping zone
< d;

dr

View B - Rim area

Figure 7 - Physical disk dimensions

View B L View A

1%'transition area
2" transition area
Clamping zone
3 transition area
Information Zone
Rim area

—ds | g

- d5

—d,

- d3

L \\—U

11  Mechanical characteristics
11.1 Mass
The mass of the disk shall be in the range of 13,0 g to 20,0 g.

11.2 Moment of inertia

The moment of inertia of the disk, relative to its rotation axis, shall not exceed 0,040 g-m2.

11.3 Dynamic imbalance

The dynamic imbalance of the disk, relative to its rotation axis, shall not exceed 0,010 g-m.

14
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11.4 Axial runout

When measured by the optical system with the Reference Servo for axial tracking, the disk rotating at the reference
velocity, the deviation of the recording layer from its nominal position in the direction normal to the Reference

Planes shall not exceed 0,3 mm.

The residual tracking error below 10 kHz, measured using the Reference Servo for axial tracking, shall not exceed

0,15 pm.
The measuring filter shall be a Butterworth LPF,
fc (-3 dB): 10 kHz, with slope : -80 dB/decade.

11.5 |Radial runout
The rurfout of the outer edge of the disk shall not exceed 0,3 mm peak-to-peak.

The radial runout of tracks shall not exceed 70 um peak-to-peak.

The reqidual tracking error below 1,4 kHz, measured using the Reference Servo for radial tracking, shall

exceed|0,022 um.
The mdasuring filter shall be a Butterworth LPF,
ft (-3 dB) : 1,4 kHz, with slope : -80 dB/decade.

The rm§ noise value of the residual error signal in the frequency band from 1,4 kHz to 10 kHz, measured

integration time of 20 ms, using the Reference Servo for radial tracking, shali'not exceed 0,016 pum.
The mdasuring filter shall be a Butterworth BPF,

frequency range (-3 dB) : 1,4 kHz, with.slope : +80 dB/decade
to : 10 kHz;with slope : -80 dB/decade

12  |Optical characteristics
12.1 |Index of refraction
The index of refraction of the substrate in the Information Zone shall be 1,55 + 0,10.

12.2 |Thickness of the substrate

ot

with an

The thigkness of the substrate, from the entrance surface to the recording layer, varies with the index of refraction

of the substrate and shall be defined as the enclosed region in figure 8.

© ISO/IEC 1999 — All rights reserved
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A
(1,45: 0,643
0,640
(1,56: 0,630
7 (1,65: 0,630
0,620+
Thickness
(mm) I
0,600_ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
0,5801  (1,45: 0,583
_ (1,65; 0,570
(1,56: 0,570
| | | | | | >
1,40 {50 1,60 1,70

Index of refraction

Figure8= Thickness of the substrate

12.3 Reflectivity
The double-pass optical transmissiomof the substrate and the reflectivity of the recording layer are measured
together ds the reflectivity R of the disk. When measured according to annex A the value of R shall be
in the Embossed areas 15% R4,y < 30%

in the Revritable areas 10% < Ry < 20% in the unrecorded groove

10% < R4y < 20% in the recorded groove

12.4 Birefringenee

The birefrjngencéof the substrate shall not exceed 60 nm when measured according to annex B.

12.5 Angulardeviation

The angulardeviation 15 the angle o between a paraliet INcident beam perpendicular 1o the Reference Plane P and
the reflected beam (see figure 9). The incident beam shall have a diameter in the range 0,3 mm to 3,0 mm. This
angle o includes deflection due to the entrance surface and to the unparallelism of the reflective layer with the
entrance surface.
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Substrate

Recorded layer

Entrance surface

chﬁ\\

Reflected beam

Incident beam

Figure 9 -Angular deviation o
The angular deviation shall be

In radia] direction : o 0,70° max.
In tangential direction : o = 0,30° max.

Section 3 - Format of information

13 Data format

The dafa received from the host, called Main Data, is formatted in a number of steps before being recorgled on the
disk.

It is tranpsformed successively into

—a Data Frame,

— a Scrambled Frame,

—an EQC Block,

— 16 Rgcording Frames,

— 16 PHysical Sectors

—a Redording Unit Block

These steps are spegified in the following clauses.

13.1 [Data Frames

A Data|FrameSshall consist of 2 064 bytes arranged in an array of 12 rows each containing 172 bytes (figure 10).
The firgt row ‘Shall start with three fields, called Identification Data (ID), ID Error Detection Code (IED)) and RSV
bytes, fpllewed by 160 Main Data bytes. The next 10 rows shall each contain 172 Main Data bytes, and the last row
shall confain I68 Main Data bytes Tollowed by four bytes Tor recording an Error Detection Code (EDC). The 2 048
Main Data bytes are identified as D to D, g47.
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172 bytes
4 2 6
bytes [byte bytes
D [iED] RSV |  Main data 160 bytes (D Dis)

Main data 172 bytes (& - Dzs1)

Main data 172 bytes (3, - Dso3)

Main data 172 bytes (£3s- De7s)

Main data 172 bytes (£ - Dsa7)

Main data 172 bytes (§%- D1o19)

Main data 172 bytes ( B20- D1191)

Main data 172 bytes ( Do2- D1 363)

Main data 172 bytes ( Res- D153s5)

Main data 172 bytes ( Rss- D1707)

Main data 172 bytes ( Dos- D1g79)

Main data 168 bytes ( Reo- Do) | EDC
| 4 byte |

12 fows

Figure 10 - Data Frame

13.1.1 Id¢ntification Data (ID)

This field ghall consist of four bytes, the bits of which are numbered.consecutively from b (Isb) to by; (m$b), see
figure 11.

(msb) b, D24 D23 by (Isb)
Sector Information ¢— Pysical Sector Number ———— P

Da1 Do bz D2g D27 D26 D25 D24
Sector formaj Tracking Reflegctivity Reserved Zone Data Layer
type method type type number

Figure 11 - Identification Data (ID)

The bits of the mostsignificant byte, the Sector Information, shall be set as follows:
Bit b3, shall be set to ZERO, indicating CLV format

Bit bsg shall be set to

ZERO, in the Embossed area, indicating pit tracking (see clause 16)
ONE, in the Rewritable area, indicating groove tracking (see clause 16)

Bit byg shall be set to ONE indicating that the reflectivity does not exceed 40 %
Bit byg shall be set to ZERO
Bits b, to byg shall be set to

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

18 © ISO/IEC 1999 — All rights reserved
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Bit bys shall be set to

ZERO, in the Embossed areas.

ONE, in the Rewritable areas.
Bit by, shall be set to ZERO, indicating that through an entrance surface only one recording
layer can

be accessed

The least significant three bytes, bits by, to by , shall specify the Physical Sector Number in binary notation. The
Physical Sector Number of the first Physical Sector of an ECC Block shall be an integer multiple of 16.

of IED are

the Data
pyte of the
will be by,

bnsist of a

hift. At the

13.1.2 bErrorbetectromCode(ED)
When iglentifying all bytes of the array shown in figure 10 as C; ; for /=0 to 11 and j = 0 to171, the bytes
represgnted by Co,j for j= 4 to 5. Their setting is obtained as fol{ows.
5
IED(x) = > Cy; x> = 1(x)x*modGy (X)
j=4
where
3 .
1(x) = D Cy; x>
j=0
Ge(¥) = (x+1)(x+ o)
a is the| primitive root of the primitive polynomial P(x) = x8 + x4 + x84 X2+ 1
13.1.3 |RSV
This fie|d shall consist of 6 bytes. These bytes shall all be set'to (00).
13.1.4 |Error Detection Code (EDC)
This 4-pyte field shall contain an Error Detection Code computed over the preceding 2 060 bytes o
Frame.|Considering the Data Frame as a single bit field starting with the most significant bit of the first
ID field|and ending with the least significant bit of\the EDC field, then this msb will be b,g 5,4 and the Isb
Each bit b; of the EDC is shown as follows forc="0 to 31:
0 .
EDC(X) = Y_ b = I(X) mod G(x)
i=31
where
16511
(9= > b X
i=32
GX)=x32+x31+x4+1
13.2 |Scrambled Frames
The 2 (48"Main Data bytes shall be scrambled by means of the circuit shown in figure 12 which shall ¢
feedba¢k bit shift register in which bits r, (msb) to ry (Isb) represent a scrambling byte at each 8-bit s

beginning of the scrambling procedure of a Data Frame, positions r, to ry shall be pre-set to the value(s) specified
in table 1. The same pre-set value shall be used for 16 consecutive Data Frames. After 16 groups of 16 Data
Frames, the sequence is repeated. The initial pre-set number is equal to the value represented by bits b, (msb) to
b, (Isb) of the ID field of the Data Frame. table 1 specifies the initial pre-set value of the shift register corresponding

tothe 1

6 initial pre-set numbers.
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Table 1 - Initial values of the shift register

The part g
times and
bytes D, g
D', =D, @
@ stands
13.3 E(

An ECC B
(figure 13
208 rows,
bytes eac
number.

B,-,jforiZ
B,-jfor i=
B,-jfor i=

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)
©) (2A00) (B) (2001)
(4) (0004) () (0040)
(5) (5400) (D) (4002)
(6) (0008) (E) (0080)
(7) (2800) (F) (0005)
{(3)

Fig | Tz | To | Tar [ Tao| Fo | e | T2 | Ve | Fs JAM | I3 | 2| I | To

Figure 12 - Feedback shift.register

f the initial value of r; to ry is taken out as scrambling'byte S, . After that, an 8-bit shift is repeate
the following 2 047 bytes shall be taken from rzito ry as scrambling bytes S, to S, 47 . The Mg
f the Data Frame become scrambled bytes D} where

S, for k=0to 2047
for Exclusive OR

CC Blocks

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

D to 191 and j =0)to 171 are bytes from the Scrambled Frames
192 to 207_ and j = 0 to 171 are bytes of the Parity of Outer Code
D to 20%-and j = 172 to 181 are bytes of the Parity of Inner Code

d 2 047
in Data

s each
esulting

of 182
column

20
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The PQ

In each
code R

Pl
< 172 bytes 10 hytes
A BO,O BO,l BO,170 B0,171
Bl,o Bl,l Bl,17o Bl,l?l
Bz,o Bz,l Bz,17o Bz,171
192 rows

Blag,o B189,1 B189,170 B189,171

B190,170 B190,171

Blgl 170 Blgl 171

-

PO 16rows

Figure 13 - ECC Block g\\%
and PI bytes shall be obtained as follows. )

of columns j= 0 to 171, the 16 PO bytes are defined by th@mainder polynomial R{x) to forn
5 (208,192,17). \\
207 s\\)

Ri()= Y B x?" =1;(% x**modG 2
1= 2= ¥

the outer

where A\@
191 (®)
oti X
|j(X)=ZBi’jX1 H ‘c\)&
i=0 C)\\
[Toceah
Gpo(X) =] | (Xx+a
k=0 O
In each| of rows /= 0 to 207 @’10 Pl bytes are defined by the remainder polynomial R(x) to form the inner code
RS(184,172,11). \%
QO |
Ri (=" B x"® =1;(% x'*modGp, (%)
Q?‘ j=172
where @
é 171 _
L =3B, 17T
T 200
j=0
9 k
Gri(® =[] (x+a")
k=0
a is the primitive root of the primitive polynomial P(x) = x8 + x4 + x3 + x2+ 1
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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 14). This is achieved by re-locating the bytes B,-J- of the ECC Block as B, , for

fori<191
fori>192

m=i+int[i/12]
m=13x(i-191)-1 andn=j

and n=j

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 Frames of 2 366 bytes. Each Recording

Frame co

sists of an array of 13 rows of 182 bvtes
< 182 bytes
T Boo | ccccreee e e Bo.in Boin | ++--- T
13 = < Recording
ows Frame 0
Bio | vorerrereeee v B Bigmn | +voo
Bloso | s oreeeernnnnn Bigi | Biosiz | + v v o
T Biop | coceeeeee e B By | -4 we T
13 = = Recording
ows Frame 1
2 T Bos.in By | ce---
Bigsg | cccvvoooovenaos vann Bios17%| Biosaze | v -
_— __— Recording
= Frames 2 - 14
T Bisop | crce e et e Bisoani | Bisoara | - ¢ - Biso.is1 T
13 = ~~ Recording
1OWS Frame 15
Bioto | oNe e e Biotizr | Browam | + v+ - - BoLisi
B207‘0 .................... ]32()1171 B207~172 ..... B207A181

135 M
The 8-bit

pdulation and NRZI| conversion

Figure 14 - Recording Frames obtained from an ECC Block

hytes of each F\’prnrding Erame shall he transformed into 16-hit Code \Wards with the run Inngfh li

itation

that between 2 ONEs there shall be at least 2 ZEROs and at most 10 ZEROs (RLL(2,10)). Annex F 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 15). The
Channel clock period is the time between 2 consecutive channel bits.

22
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Exclusive-OR 16 channel bits
16-bit Code Words NRZ NRZI converted pulses
—P .
Conversion & >

T =1 channel clock period

I:igllrn 15 - NRZ| conversion

13.6
The str

Frames.

bytes.
represe
the sec

Record
Frame
bits sha

Physical Sectors

Licture of a Physical Sector is shown in figure 16. It shall consist of 13 rows, each comprising
A Sync Frame shall consist of a SYNC Code from table 2 and 1 456 Channel bits representis
Fach row of the Physical Sector shall consist of two Sync Frames with the first-1 456 Ch
nting the first 91 bytes of each row of a Recording Frame and the second 1 456,Channel bits re
pnd 91 bytes of each row of a Recording Frame.

32— 1 456 — 30 de—— 1 455

SYO 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

|47 Sync Frame—>|47 Sync Frame—>|

Figure 16 - Physical Sector

ng of the Physical Sectoy-shall start with the first Sync Frame of the first row, followed by the se
bf that row, and so on,row:by-row. The state of each SYNC Code and each subsequent set of 1
Il follow the rules defined in 13.8.

two Sync
g 91 8-bit
annel bits
bresenting

cond Sync
6 Channel
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Table 2 - SYNC Codes

State 1 and State 2
Primary SYNC codes Secondary SYNC codes
(msb) (Isb)  (msb) (Isb)

SYO0 =0001001001000100 0000000000010001 / 0001001000000100 0000000000010001
SY1 =0000010000000100 0000000000010001 / 0000010001000100 0000000000010001
SY2 =0001000000000100 0000000000010001 / 0001000001000100 0000000000010001
SY3 =0000100000000100 0000000000010001 / 0000100001000100 0000000000010001

Sr1r4 — UU1UUUUUULUUUU1LUU UUUUUUULUUUU1LUUUL I' UU1UUUUUU1UUU LUV UUUUVUUUUUUULUUU L

SY5 =0010001001000100 0000000000010001 / 0010001000000100 0000000000010001,

SY6 = 0010010010000100 0000000000010001 / 0010000010000100 0000000000010001

SY7 =0010010001000100 0000000000010001 / 0010010000000100 000000000001.0001
State 3 and State 4

Primary SYNC codes Secondary SYNC codes
(msb) (Isb)  (msb) (Isb)

SYO0 =1001001000000100 0000000000010001 / 1001001001000100 6000000000010001
SY1 =1000010001000100 0000000000010001 / 1000010000000106-6000000000010001
SY2 =1001000001000100 0000000000010001 / 1001000000000166°0000000000010001
SY3 =1000001001000100 0000000000010001 / 10000010000001:00 0000000000010001
SY4 =1000100001000100 0000000000010001 / 1000100000000100 0000000000010001
SY5 =1000100100000100 0000000000010001 / 1000000160000100 0000000000010001
SY6 =1001000010000100 0000000000010001 / 1000000001000100 0000000000010001
SY7 =1000100010000100 0000000000010001 / 1006000010000100 0000000000010001

13.7 Lgyout of a Recording Unit Block (RUB)

In the Empossed area, each set of 16 Physical Sectors(derived from an ECC Block are written continuou
the last Physical Sector of an ECC Block followed immediately by the first Physical Sector of the next ECC H

In the Re\vritable areas, each set of 16 Physical Sectors from a single ECC Block includes an additional 2
frames to|form a Recording Unit Block. The .26 additional Sync frames are referred to as the linking arg
linking arda allows for time to set the propef _slicing level and to stabilise the Phase Locked Loop (PLL) fo

data extragtion.

A RUB copsists of an ECC Block and(26'Linking Frames. Each RUB shall be recorded in the following order.

Second part of Sync Frame 1

Sync Frames 2 to 25

ECC Bloc
Sync Frame 0

First part ¢f Sync Frame/&

A Recordipg Unit Block is shown in figure 17.

A 4

46 bytes + SPS

(pfrtial)

Sync

Sync

\

Sync

Sync

SYIIC
Frame 1

Frame 2

Frame 3

Frame 24

Frame 25

\\

SY5 + 45 bytes - SPS

sly with
lock.

Y6 Sync
ba. This
proper

»
L

Sync

(partial)

Frame 0

SYTIC

Frame 1

Figure 17 - Recording Unit Block

13.7.1 Sync Frames used for linking

Each Sync Frame nominally consists of a 32-bit Sync code and a sequence of 91 16-bit fields. The Sync codes and
fields are shown in table 3.

24
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Table 3 - Contents of Sync Frames used for linking

Sync Codes 91 16-bit fields Sync Codes 91 16-bit fields
SYO Linking Data SY5 Linking Data | Linking Data
SY1 Linking Data SY5 Linking Data
SY2 Linking Data SY5 Linking Data
SY3 Linking Data SY5 Linking Data
SY4 Linking Data SY5 Linking Data
SY1 Linking Data SY6 Linking Data
SY?2 Linking Data SY6 Linking Data
SY3 Linking Data SY6 Linking Data
SY4 Linking Data SY6 Linking Data
SY1 Linking Data SY7 Linking Data
SY2 Linking Data SY7 Linking Data
SY3 Linking Data SY7 Linking Data
SY4 Linking Data SY7 Linking Data

The Linking Data shall consist of 16-Channel bit Code Words specified in annex F'\and shall meet the red
The first 12 bytes of the linking data immediately following SYO shall be_set to (00). The remai
shall b¢ chosen such that there are no repetitive sequences that the Start-Position Shift (see 13.7

of 13.8

randomlise and to minimize d.c. content.

13.7.2

To redyice the amount of media wear caused by repeated writing«of the same Channel bit pattern at
location], the start locations of Frames and ECC Block are varied-by randomly changing the number of b
last partial Linking Frame of the Recording Unit Block as'shown in figure 18.

first andg

Start Position Shift (SPS)

Y5

SYS5 + 45 Bytes - SRS

oreranen]

Sync Frame 0

>

46 Bytes + SP$,

Sync Frame ]SYl

S

-

Sync Frame 2|

Y5

/s s

//

— Theoretical start position

uirements
hing bytes
2) cannot

the same
ytes in the

Figure 18 - Start Position Shift
The Start Position Shift shall be -32 bytes < SPS < +31 bytes

13.7.3 Recording Unit Block position

The start of each RUB shall be within 400 Channel bits of the theoretical start position. The theoretical start position
is a function of the track number and the position along the current track. The nominal length of each RUB used in
calculating the theoretical start position shall be the same as the nominal length of 17 Physical Sectors with the
nominal Channel bit length (see annex J). The track pitch used shall be the nominal track pitch of 0,80 um.

Annex J contains an example of a calculation of the start position of each Recording Unit Block.

© ISO/IEC 1999 — All rights reserved

25


https://standardsiso.com/api/?name=d6f4a3a034ebfaab923e530406823bc3

ISO/IEC 16969:1999(E)

13.8 d.c. component suppression control

To ensure a reliable radial tracking and a reliable detection of the HF signals, the low frequency content of the
stream of Channel bit patterns should be kept as low as possible. In order to achieve this, the Digital Sum Value
(DSV, see 4.4) shall be kept as low as possible. At the beginning of the modulation, the DSV shall be set to O.

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

In order tq use these possibilities, two data streams, Stream 1 and Stream 2, are generated for each-Sync|Frame.
Stream 1|shall start with the Primary SYNC Code and Stream 2 with the Secondary SYNC (Code of the same
category ¢f SYNC Codes. As both streams are modulated individually, they generate a diffefent DSV bedause of
the differehce between the bit patterns of the Primary and Secondary SYNC Codes.

In the casgs b) and c), there are two possibilities to represent a 8-bit byte. The DSV of each stream is compguted up
to the 8-bif byte preceding the 8-bit byte for which there is this choice. The stream with\tHe lowest | DSV is gelected
and dupligated to the other stream. Then, one of the representations of the next 8-hit byte is entered into Sfream 1
and the other into Stream 2. This operation is repeated each time case b) or c) oceurs.

Whilst cagde b) always occurs at the same pattern position in both streams,,case c) may occur in one of the streams
and not in the other because, for instance, the next State prescribed/by-the previous 8-bit byte can bg 2 or 3
instead of|1 or 4. In that case the following 3-step procedure shall be applied:

1) Complare the | DSVI s of both streams.

2) If the [DSVI of the stream in which case c) occurs is smalléF than that of the other stream, then the sfream in
which|case c¢) has occurred is chosen and duplicated to‘the other stream. One of the representations of the
next 8-bit byte is entered into this stream and the other-into the other stream.

3) Ifthe |[DSVI of the stream in which case c) has occurred is larger than that of the other stream, then cdse c) is
ignorgd and the 8-bit byte is represented according to the prescribed State.

In both cases b) and c), if the | DSVI's are equal;’the decision to choose Stream 1 or Stream 2 is implemgntation-
defined.

The procgdure for case a) shall be as follows. At the end of a Sync Frame, whether or not case b) and or|case c)
have occUrred, the DSV of the whaolé.Sync Frame is computed and the stream with the lower | DSV is selgcted. If
this DSV |s greater than + 63 or_smaller than -64, then the SYNC Code at the beginning of the Sync Frame is
changed from Primary to Secondary or vice versa. If this yields a smaller | DSV|, the change is permanent, if the
| DSVI is rjot smaller, the original SYNC Code is retained.

During thé¢ 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.

14  Tiack format
14.1 Trpek shape

The Embossed—area (seetlause 17 theimformatiomZomesthatttontaim tracks—witicirtonsistofaseries of
embossed pits.

The Rewritable area (see clause 17) in the Information Zone 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 Section 5. Recordings shall be made in the groove.

The tracks in the Rewritable area contain a frequency modulated deviation from the nominal centrelines called
wobble, which contains addressing information called Address-in-Pregroove or ADIP (see 14.5.1.1). The tracks
also contain periodic occurrences of deviations, a single cycle in length, from the nominal centrelines multiplexed
with the wobble. These single cycle deviations are called Alternating Fine Clock Marks or AFCMs (see 14.5.2 and
figure 22).
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The tracks shall be continuous in the Information Zone. The tracks in the Embossed area shall start in the Lead-in
Zone at a radius of

+0,0mm
22, 6mm70’2rnm

The groove tracks in the Rewritable area shall start at a radius of

+0,0mm
24,0mm70’2rnm

14.2 Track path

The trapk path shall be a continuous spiral from the inside (beginning of the Lead-in Zone) to the outsifle (end of
the Leald-out Zone) when the disk rotates counter-clockwise as viewed from the optical head.

14.3 [Track pitch

The tragk pitch is the distance measured between the average track centrelines of adjacent traeks, measured in the
radial djrection (see figure 20). The track pitch shall be 0,80 um * 0,03 um. The track piteh‘averaged ovar the Data
Zone shall be 0,80 um + 0,01 um.

14.4 [Track number
Each track shall be identified by a track number.

Track ( shall begin with the RUB containing Physical Sector (30000).

The tragk numbers of tracks located at radii larger than track 0 shall be-increased by 1 for each track.

The trapk numbers of tracks located at radii smaller than track 0 shall be negative, and decrease by ong for each
track. Tlheir value is given in Two’'s complement.

14.5 |[Track layout

Each trpck shall be divided into 8 segments, numbered,0~o 7 (see figure 19). The information contaiped in the
wobble|of each segment is called Address-in-Pregroove;or ADIP.

seament 7

saement 2

sament 4| seoment 3

Figure 19 - Track layout

RUBs (see 13.7) are mapped onto the structure of tracks, segments and AFCMs, where each RUB is given a
starting point calculated using the nominal values for Channel bit length and track pitch (see annex J).
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14.5.1 Segment layout

The wobble of a segment contains addressing information, called Address in Pre-groove (ADIP), for the track, the
segment and layer.

Each segment shall nominally contain 360 wobble cycles. The wobble shall be frequency modulated to contain the
ADIP information and shall satisfy table 4.

Table 4 - Wobble modulation

Item Specification Values at 20 Hz disk
rotation

Carrier frequency 2 880 x disk rotation frequency | 57,60 kHz

Deviation carrier frequency / 15 3,84 kHz

Oscillator output sine wave

Oscillator THD <-40dB

(Total Harmonic Distortion)

An encoding system for generating the groove wobble is shown in annex M.

145.1.1 ADIP information
Each sengent contains 48 bits of information according to figure 20.
The infornpation is contained in the wobble according to the rules of 14/5:1:2.
by; by | bz by | bag bag ¢ bj9 big| bis big| bz b
Syne Layer Track Segment Reserved CRC
number number number

Figure 20 - ADIP’segment data
sync

The sync|is an 8-Channel bit pattern used for ADIP data synchronization. Syncs are patterns that violate the
Biphase-Mark code rules. The synchronization pattern used is 11101000 if the preceding ADIP Channel bit = 0, or
00010111}if the preceding ADIP Channel bit =1 as shown in figure 21.

Layer Number

The Layef number is designated by-a 4-bit binary number with the msb being bit b,5. These bits shall bg set to
0000 indidating a single layer disk.

Track Number

Each track number is dgsighated by a 20-bit binary number with the msb being bit bsg. Track number 0 shall begin
with Physical Sector (30000). Track numbers less than 0 are described in 2’s complement notation.

Segment Number:

Each segment. number is designated by a 4-bit binary number with the msb being bit b,;q. Segments s$hall be
numbered Oto 7.

Reserved
Bits b,5 and b, are reserved and shall be set to ZERO.
CRC

The CRC is a 14-bit binary number with the msb located at bit b,; used for error detection. The CRC bits are
inverted on the disk using 1's complement.

The error detection method uses a 14 bits CRC computed over all bits of layer number, track humber, segment
number and reserved bits. If the data is error free, the 14-bit CRC shall be divisible by the check polynomial. The
msb of the CRC code word is bit b,3, and the Isb is bit b, of the ADIP segment.

The check polynomial is P(x) = x14 + x12 + x10 + x7 + x4 + x2+ 1
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14.5.1.2 Biphase-Mark encoding / decoding
Biphase decoding converts 2 ADIP Channel bits into a single ADIP data bit by using an exclusive OR (table 5).

Table 5 - Biphase-Mark Decoding

Biphass
centre
(see fig

Al

Al

ADIP Channel bits ADIP data bit
00 0
01 1
10 1
11 0

e encoding generates a Channel bit transition between every data bit and a Channel-bit transi
bf a data bit if the data bit is a ONE. Biphase encoding has maximum run lengths.of\two ZERO
ure 21).

1P data Biphase code
bits violations for sync

panme o 1 L L L Lo L

bits 1 1106 1 0 0 O|1 Of1 1|0 O 1 O I Oy 1 0 1 0 O

4 cycles 3,5 cycles 4 cycles 4 cycles

AAANA A BSVAARANAN

tion in the
5 or ONEs

W

The firg

145.2

Each tr
multiplg

VYV VIV VEVVVV VYV

bble FM and AFCM

Figure 21 - Biphase modulation
t AFCM of a segment is centred in the first data bit after the sync, described in 14.5.2.2.

AFCMs

hck contains 96 equally spaced Alternating Fine Clock Marks (AFCMs), which shall consist of a s
xed with the wobble. Each AFCM is inverted from the AFCM in the adjacent tracks as shown in

The vettical dimensions.in figure 22 are not to scale.

ngle cycle
figure 22.
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*

Inner

s |~ A A A A AN
I VAAVALVILY, I\vAAVARY

Track pitch Alternating Fine<I -
Clock marks

/N /N /N N N N N

Trackn AFCMs in even-numbered track

/ \ / \ / \ / \ / \

VARV ‘v[ VARVARVY

diameter Trackn+1 AFCMs in odd-numbered tracks

Figure 22 - Deviation of track centreline for wobble and AFCM

Radial alignment

Each AFQM shall be nominally placed at intervals of 3,75°. The measured timé.bétween consecutive AFCMs of a

disk rotati

TarcM
Additional

145.2.2
The zero

g at exactly 20 Hz shall be

=520,8 us £ 0,5 us (excluding the influence of eccentricity)

Alignment of with the wobble

y, the AFCMs shall be radially aligned in such a way that the angular distance between the AFCMs in
adjacent physical tracks shall not exceed 10 Channel bit lengths: )>The angular distance between corres
AFCMs offany two non-adjacent tracks shall not exceed 32 Channel bits.

bonding

crossing of the first AFCM in segment 0 shall lsg located at the zero crossing of the wobble in the¢ centre

of the firs| ADIP data bit after the sync (see figure 21)-as shown in figure 23 such that W shall be within 1 % of

the nomin

14.5.2.3
The theor

al wobble period (see 24.6).

S poft

!

wobble centreline

average
track centreline

T

AFCM centreline

Figure 23 - Wobble to AFCM offset

Alignment within track 0

the first AFCM in segment O of track O is shown in figure 24.

30

etical start position of the Recording Unit BIOCK containing Physical Sector number (30000 WIth respect to
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Tnner radius
SY1 SYS SY7 SY0 SY5

Sync Sync - L. Sync
Frame 1 Frame 2 Frame 25

Ny

15
The Inf

Figure 24 - Alignment of the first RUB recorded in track O

Section 4 - Format of the Information Zone

General description of the Information Zone
brmation Zone shall contain all information on the disk relevaptfor data interchange. It shall be

three parts: the Lead-in Zone, the Data Zone and the Lead-out Zone)ln/double-sided disks there is one |

Zone p
informa
also co

The da
Data Z
Phase

16

The Inf
indicate

er side. The Data Zone is intended for the recording of\User Data. The Lead-in Zone conta

htains control information and a disk and drive test Zone.

a in the first five zones of the Lead-in Zone is embossed. The remaining zones of the Lead-in
bne and the Lead-out Zone constitute the Rewiritable area in which the information is recorded
thange effect.

Layout of the Information Zone

prmation Zone of single-sided and double-sided disks shall be sub-divided as shown in table 6
d in table 6 for some of the Zones are the nominal values of the centre of the first (or last) track of

divided in
hformation
ns control

tion and an area for disk and drive testing. The Lead-out-Zone allows for a continuous smooth lead-out and

Zone, the
using the

The radii
the Zone.

© ISO/IEC 1999 — All rights reserved

31


https://standardsiso.com/api/?name=d6f4a3a034ebfaab923e530406823bc3

ISO/IEC 16969:1999(E)

Table 6 - Layout of the Information Zone

Description Nominal PSN of the first Number of
radius in mm | Physical Sector Physical
Sectors
Initial Zone start 22,60
mm
Reference Code Zone (2F000) 32
Embossed Buffer Zone 1 (2F020) 480
Control Data Zone (2F200) 3072
Buffer Zone 2 (2FEQO0) 512
Connection Zone
Lead-in | Guard Zone 1 start 24,00 (30000) 512
mm
Inner Disk Test Zone (30200) 1024
Inner Drive Test Zone (30600) 1664
Rewritable Guard Zone 2 (30C80) 512
DMA Zone 1 (30E80) 64
Inner Disk Identification (30EC0) 256
Zone
DMA Zone 2 (30FCO0) 64
Data Data Zone start 24,16 (31000) 1474 560
mm
DMA Zone 3 start 57,5 mm (199000) 64
Outer Disk Identification (199040) 256
Zone
Lead-out | DMA Zonev4 (199140) 64
Guard-Zohe 3 (199180) 1024
Odter Drive Test Zone (199580) 3072
Outer Disk Test Zone (19A180) 2048
Guard Zone 4 end 58,5 mm (19A980) 32768
16.1 Physical,.Sector Numbers (PSNs)

The first
Physical 4

hyS|caI Sector of the Rewritable area shaII have PSN (30000) and the PSNs increase by 1 for es

and the PSNs decrease by one for each precedmg PhyS|caI Sector in the Embossed area (flgure 25)

32

ch next
2FFFF)
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Lead-out
Zone
>

<< Information Zone

Data Zone

17

The Lead-in Zone is the innermost Zone of the Information Zone. It shall consist of the parts shawn in figy

The PH
hexade
notatior

Physical
Sector
Number I— Address
(30FF5 — - (31009 — Radius
Figure 25 - Physical Sector numbering
Lead-in Zone

ysical Sector Number of the first and last Physical Sector of each part is  indicated in fig
cimal and decimal notation and the number of Physical Sectors in each part are indicated
. The shaded area of figure 26 represents the Embossed area of the disk.

re 26.
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Physical Sector 200 639| «_ Physical Sector (030FBF)
Physical Sector 200 646‘)%\‘ DMA Zone 2 Physical Sector (030FCO0)
Physical Sector 200@3 64 Physical Sectors Physical Sector (030FFF)
Physical Sector 704 Data Zone Physical Sector (031000)
2
??‘ Figure 26 - Lead-in Zone
17.1 Injtial Zo
The Main [Da he Data Frames eventually recorded as Physical Sectors in the Initial Zone shall have b
to (00). This rnational Standard does not specify the number of Physical Sectors in the Initial Zone. H

the Physié $t ,
Physical Sector Number 0 to occur in the Initial Zone.

172 R

16969:1999(E)

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

Connection Zone

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

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

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

Physical Sector &@FF)
Physical Sect&’) E00)

Physic@\}ctor (02FFFF)

Physical Sector 196 608 Guard Zone 1

Physical Sector 197 119 512 Physical Sectors

Igs(§cal Sector (030000)
_<|Physical Sector (0301FF)

Physical Sector 197 120
Physical Sector 198 143

Inner Disk Test Zone
1 024 Physical Sectgg\\\

»/ [Physical Sector (030200)
Physical Sector (0305FF)

Physical Sector 198 144 Inner Drive Test 7@‘13’ Physical Sector (030600)
Physical Sector 199 807 1 664 Physical.Seefors Physical Sector (030C7F)
Physical Sector 199 808 Guard Zohe 2 Physical Sector (030C80)
Physical Sector 200 319 512 Physical Sectors Physical Sector (030E7F)

Physical Sector 200 320
Physical Sector 200 383

5@/[A Zone 1

. (S‘b-Physical Sectors

Physical Sector (030E80)
Physical Sector (030EBF)

Physical Sector 200 384 Disk Identification Zone

“. 256 Physical Sectors

Physical Sector (030ECO0)

eference Code Zone

%)
)
,’\0)
S

een set
pwever,

event a

The embossed Reference Code Zone shall consist of the 32 Physical Sectors from two ECC Blocks which
generate a specific Channel bit pattern on the disk. This shall be achieved by setting to (AC) all 2 048 Main Data
bytes of each corresponding Data Frame. Moreover, no scrambling shall be applied to these Data Frames, except

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

17.3 Buffer Zone 1

This embossed Zone shall consist of 480 Physical Sectors from 30 ECC Blocks. The Main Data of the Data
eventually recorded as Physical Sectors in this Zone shall have been set to (00).

34

Frames
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This embossed Zone shall consist of 3 072 Physical Sectors from 192 ECC Blocks. The content of the 16 Physical
Sectors of each ECC Block is repeated 192 times. The structure of a Control Data Block shall be as shown in figure

27.

Physical format information
2 048 bytes

Disk manufacturing information

17.4.1 |Physical format information

This information shall comprise the 2 048 bytes shown in talgle 7. It contains disk information and valug

2 048 bytes

Content provider information

14 x 2 048 bytes

Figure 27 - Structure of a Contraf Data Block

the Optjmum Power Control (OPC) algorithm to determinegptimum laser power levels for writing (see anpex G).
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Table 7 - Physical format information

Byte number Content Number of bytess

0 Disk Category and Version Number 1
1 Disk size 1
2 Disk structure 1
3 Recording density 1

41015 Data Zone allocation 12

16to 31 Reserved - All (00) 16
32 Recording velocity 1
33 Maximum read power at maximum velocity 1
34 Rnp at maximum velocity 1
35 p at maximum velocity 1
36 €1 at maximum velocity 1
37 €2 at maximum velocity 1
38 Ttargerdt Maximum velocity 1
39 Maximum read power at reference velacity 1
40 Pnp at reference velocity 1
41 p atreference velocity. 1
42 el at reference yelocity 1
43 2 at reference‘velocity 1
44 Ttargerat reference velocity 1
45 Maximum read power at minimum velocity 1
46 PN at minimum velocity 1
47 p at minimum velocity 1
48 €l at minimum velocity 1
49 €2 at minimum velocity 1
50 Ytarget@t Minimum velocity 1

51 te 2047 Reserved - All (00) 1997

Byte 0 - Djsk Category and Version Number

Bits b7 to py shall specify the Disk Category,
they shall be set to 1001, indicating a +RW disk.

Bits b3 to bg shall specify the Version Number,
they shall be set to 0001 indicating this International Standard

Byte 1 - Disk size and maximum transfer rate

Bits b7 to by shall specify the disk size,
they shall be set to 0000, indicating a 120 mm disk

Bits bz to bg shall specify the maximum transfer rate,
they shall be set to 1111 indicating no maximum transfer rate is specified
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Byte 2 - Disk structure

Bit b7 to by shall be set to 0000

Bits b3 to by shall specify the type of the recording layer(s),
they shall be set to 0100, indicating a rewritable recording layer

Byte 3 - Recording density

Bits b7 to by shall specify the average Channel bit length in the Rewritable area,
they shall be set to 1000, indicating 0,176 37 pm

Bits b3 {0 bg shall specify the average track pitch
they shall be set to 0001, indicating an average track pitch of 0,80 mm

Bytes 4{to 15 - Data Zone allocation

Byte 4 shall be set to (00).

Bytes 5/to 7 shall be set to (31000) to specify PSN 200 704 of the first Physical Sector
of the Data Zone

Byte 8 shall be set to (00).

Bytes 9to 11 shall be set to (198FFF) to specify PSN 1 675 263 6f the last Physical Secto
of the Data Zone

Bytes 12 to 15 shall be set to (00)

Bytes 16 to 31 - Reserved

These bytes shall be set to (00).

Byte 32 - Recording velocity

This byte specifies the recording velocity of the disk, whieh.determines the maximum and minimum lin

velocitig

The ref
Byte 33
This by

Byte 34

This by
that

ps. It shall be

set to (00) for a CLV disk with linearyelocities of 4,90 m/s to 6,25 m/s.

set to (01) for a CAV disk with linear velocities of 3,02 m/s to 7,35 m/s.

brence velocity for both Types of disks:is 4,90 m/s.

- Maximum read power, P, at maximum velocity

e shall specify the maximum-réad power P, in milliwatts at the maximum velocity as a number ns
n=20x(P,-1)

- P \\p at maximumdvelocity

le shall specify the-indicative value Pyp of Ptarget in milliwatts at the maximum velocity as a hum

13520 x (P|ND - 5)

the starting value for the determination of Py, e Used in the OPC algorithm, see annex G.

Byte 35

=

bar writing

ich that

ber n such

£p at maximum velocity

This byte shall specify the peak power multiplication factor p at the maximum velocity used in the OPC algorithm

(see an

nex G) as a number n such that
n=100 x p

Byte 36 - €1 at maximum velocity

This byte shall specify the biasl/write power ratio €1 at the maximum velocity used in the OPC algorithm (see
annex G) as a number n such that

n=200 x el
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Byte 37 - €2 at maximum velocity

This byte shall specify the bias2/write power ratio €2 at the maximum velocity used in the OPC algorithm (see
annex G) as a number n such that

n=200 x €2
Byte 38 - yarger @t maximum velocity

This byte shall specify the target value for vy, Vtarget at the maximum velocity used in the OPC algorithm (see annex
G) as a number n such that

=26 target

Byte 39 - Maximum read power at reference velocity
This byte ghall specify the maximum read power P, in milliwatts at the reference velocity as a number ‘n such that
n=20x(P,-1)
Byte 40 - P \p at reference velocity

This byte shall specify the indicative value Pip 0f Py, e in milliwatts at the referenceyelecity as a number n such
that

n=20x (PlND - 5)
Pinp is the starting value for the determination of Py, e used in the OPC algorithm, see annex G.
Byte 41 - p at reference velocity

This byte [shall specify the peak power multiplication factor p at thexeference velocity used in the OPC algorithm
(see annex G) as a number n such that

n=100 x p
Byte 42 - g1 at reference velocity

This byte [shall specify the biasl/write power ratio g1~at the reference velocity used in the OPC algorithm (see
annex G) ps a number n such that

n=200x¢l
Byte 43 - g2 at reference velocity

This byte [shall specify the bias2/writespower ratio €2 at the reference velocity used in the OPC algorithm (see
annex G) ps a number n such that

n=200 x g2
Byte 44 - lyi5ger at reference-yelocity

This byte ghall specify the target value for v, Ytarget at the reference velocity used in the OPC algorithm (se¢ annex
G) as a nymber n such’that

=720 x Ttarget

Byte 45 - Maximum read power at minimum velocity

This byte shall specify the maximum read power P, in millwafis at the minimum velocity as a number n such that
n=20x(P,-1)
Byte 46 - P \p at minimum velocity

This byte shall specify the indicative value Pinp of Pyy e In milliwatts at the minimum velocity as a number n such
that

n=20x (PlND' 5)

P\np is the starting value for the determination of Py, e used in the OPC algorithm, see annex G.
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Byte 47 - p at minimum velocity

This byte shall specify the peak power multiplication factor p at the minimum velocity used in the OPC algorithm

(see an

nex G) as a number n such that

n=100x p

Byte 48 - €1 at minimum velocity

This byte shall specify the biasl/write power ratio €1 at the minimum velocity used in the OPC algorithm (see annex

G)asa

number n such that

fal 1
[avAv) oL

Byte 49

This by
G) as 4

Byte 50

=

- g2 at minimum velocity

e shall specify the bias2/write power ratio €2 at the minimum velocity used in the OPC algorithm (
number n such that

n=200 x g2

- Yarget @t minimum velocity

Ttarget

setto (00).
Bytes 5[1 to 2 047 - Reserved - All (00)

These
17.4.2

This International Standard does not specify the format and the.content of these 2 048 bytes. They shall

in interd

17.4.3

These
and co

17.5

the minimum velocity used in the OPC algorithm (see annex G) of this International Standard ar

ytes shall be set to all (00).

Disk manufacturing information

hange.

Content provider information

P8 672 bytes shall be set to all (00), unless theZinterchange parties have reached agreement on
tent.

Buffer Zone 2

see annex

d shall be

De ignored

the format

This enmpbossed Zone shall consist of 512 Physical Sectors from 32 ECC Blocks. The Main Data of the Data Frames

eventus

17.6

Transiti
the end
comprig

ly recorded as Physical Sectors in-this Zone shall be set to all (00).

Connection Zone

pbn area between the Embassed area and Rewritable area. The groove shall begin at the same
of the last embossedpit along the same track path as shown in figure 28. The Connection ]
e 5 tracks numbered-ffom -5 to -1 and a partial non-groove track of length xgap.

radius as
yone shall
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The groov
area.

17.7 G

This Gua
embossed
512 Physi

17.8 In
1 024 Phy

17.9 In
1 664 Phy

17.10 G

This Gua
rewritable
Physical §
17.11 DI

64 Physic
in clause 1

17.12 In

256 Physi
Sectors fr

17.13 DI

Connection Zone

Track -1 Track O

Track -2 Track -1

Track -3 Track -2

Track -4 Track -3

TI‘ k - —— — — e — ——
Tp

o év e N e
Connection Zone Tp

e O L J ® O & a6 o 5

T, : Track/pitch
«—— Xgap ——p

Figure 28 - Connection Zone

e shall start at a tangential distance Xgap less than 250 um from the engd-of-the last track of the En

jlard Zone 1

d Zone is used as a protection for separating test writing;’zones from information zones co
data. This Zone shall be unrecorded or filled with MaintData set to (00). This zone shall
Cal Sectors.

ner Disk Test Zone

sical Sectors reserved for disk manufacturer testing.

ner Drive Test Zone

sical Sectors reserved for drive testing and.©PC algorithm.

hard Zone 2
d Zone is used as a protection \for separating test writing zones from information zones co

ectors.

VA Zone 1

bl Sectors reserved for the first Defect Management Area. The contents of this Zone shall be as s
0.

her Disk Identification Zone

cal Sectors, reserved for information agreed upon by the data interchange parties. Each set of 16 H
bm one ECC Block is called a Disk Control ECC Block (see clause 21).

MAZone 2

64 Physia

bossed

ntaining
contain

ntaining

data. This Zone shall be unrecorded or filled with Main Data set to (00). This zone shall contain 512

pecified

Physical

[-Sectors reserved for the secaond Defect Management Area. The contents of this Zone sha

| be as

specified i

n clause 20.

18 Data Zone

1474 560

Physical Sectors of user data area.

19 Lead-out Zone
The Lead-out Zone is the outermost zone of the Information Zone. It shall consist of the parts specified in figure 29.

The Physical Sector Number of the first and the last Physical Sector of each part is indicated in figure 29 in
hexadecimal and decimal notation and the number of Physical Sectors in each part is indicated in decimal notation.

40
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Physical Sector 1 675 263

Data Zone

Physical Sector 1 675 264
Physical Sector 1 675 327

DMA Zone 3
64 Physical Sectors

Physical Sector 1 675 328
Physical Sector 1 675 583

Outer Disk Identification Zone

256 Physical Sectors

Physical Sector 1 675 584
Physical Sector 1 675 647

DMA Zone 4
64 Physical Sectors

Physical Sector 1 675 648

Guard Zone 3

ISO/IEC 16969:1999(E)

Physical Sector (198FFF)
Physical Sector (199000)

Physical Sector (19903F)
Physical Sector (199040)

Physical Sector (19913F)
Physical Sector (199140)

Physical Sector (19917F)
Physical Sector (199180)

Physical Sector 1 676 6f1

1 024 Physical Sectors

Physical Sector 1 676 6f2
Physical Sector 1 679 743

Outer Drive Test Zone
3 072 Physical Sectors

Physical Sector 1 679 744
Physical Sector 1 681 791

Outer Disk Test Zone
2 048 Physical Sectors

Physical Sector 1 681 792

Guard Zone 4

Physical Sector (1995%F)
Physical Sector (199580)

Physical Sector(19A17F)
Physical Sector (19A180)

Physical Sector (19A97F)
Physical Sector (19A980)

32 768 Physical Sectors
Physical Sector 1 714 559

Physical Sector (1A297F)

Figure 29- Lead-out Zone

19.1 |DMA Zone 3

64 Physical Sectors reserved for the third Defect Management Area. The contents of this Zone shall be as
specifigd in clause 20.

19.2 |Outer Disk Identification Zone

256 Physical Sectors reserved for information agreed\upon by the data interchange parties. Each set of 16 Physical
Sectord from one ECC Block is called a Disk Control ECC Block (see clause 21).

19.3 |DMA Zone 4

64 Phygical Sectors reserved for the fourth Defect Management Area. The contents of this Zone shall be as
specifigd in clause 20.

19.4 |Guard Zone 3

This Gpard Zone is used as—a.protection for separating test writing zones from information zones containing
rewritaljle data. This Zone(shall be unrecorded or filled with Main Data set to (00). This zone shall contain 1 024
Physicgl Sectors.

19.5 |Outer Drive/hest Zone
3 072 Hhysical Sectors reserved for drive testing and OPC algorithm.

19.6 |OuterDisk Test Zone
2 048 Hhysical Sectors reserved for disk manufacturer testing.

19.7 Guard Zone &
This Zone shall be unrecorded or filled with Main Data set to (00). This zone shall contain 32 768 Physical Sectors.

20 The use of the Defect Management Areas

There shall be four Defect Management Areas (DMA Zones 1 to 4) according to table 6, each containing 64
Physical Sectors. All DMA Zones shall contain the same data.

Each DMA contains a Primary Defect List (PDL), a Secondary Defect List (SDL), and 2 Reserved areas. Each of
these areas shall be 16 Physical Sectors in length.

All defect management is performed on ECC Block boundaries. An ECC Block is identified by the Physical Sector
Number of the first Physical Sector in the ECC Block for all entries in the PDL and the SDL.
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20.1 Defect Management Areas

The content of each of the ECC Blocks is shown in table 8. All copies of the PDL shall be identical. All copies of the
SDL shall be identical. All Reserved areas shall contain Main Data all set to (00).

Table 8 - DMA ECC Block layout

DMA Zone Physical Sector Number Contents
of the first Physical
Sector in the block
DMA Zone 1 (30E80) PDL
(SOE90) SDt
(30EAO0) Reserved
(30EBO) Reserved
DMA Zone 2 (30FCO0) PDL
(30FDO0) SDL
(30FE0) Reserved
(30FFO0) Reserved
DMA Zone 3 (199000) PDL
(199010) Sbt
(199020) Reserved
(199030) Reserved
DMA Zone 4 (199140) PDL
(199150) SDL
(199160) Reserved
(199170) Reserved

20.2 Prfimary Defect List (PDL)
The PDL ¢ontains a list of ECC Blocks determined to be defective.

Any updates to the PDL may change the\lagical to physical mapping. The PDL shall be updated aft
formatting| operation. The PDL shall be recorded as shown in table 9.

Table 9 - Format of PDL

br each

BP in ECC Contents Number of bytes
Block
0 PDL Identifier = (2A50) 2
2 Number of PDL entries (N_PDL) 2
4 PDL Update Count 4
8 Spare Interval 4
12 Spare Length 4
16 PBtentryt %4
20 PDL entry 1 4
N PDLx4+12 PDL entry N_PDL - 1 4
N_PDL x 4 +16 Reserved
to 32 767 set to (00)

The PDL ldentifier shall be set to (2A50) to identify a PDL recorded according to this standard.

The Number of PDL entries shall indicate the total number of entries in the PDL.

42
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The PDL Update Count shall specify the total number of update operations for the PDL area. This field shall be set
to (00000000) during the first format or certification operation, and shall be incremented by one each time the PDL
is recorded.

The Spare Interval (SI) field shall indicate the number of Physical Sectors allocated for User Data between each set
of ECC Blocks reserved for linear replacement operations. This value shall be 2N, where N > 4. There is no explicit
relationship to the disk size.

The Spare Length (SL) field shall indicate the number of Physical Sectors set aside for linear replacement prior to
each Spare Interval. This value shall be zero or 2M, where M > 4. There is no explicit relationship to the disk size.
The layout, as the result of a non-zero SL is shown in figure 30.

ECC Blocks reserved ECC Blocks ECC Blocks reserved ECC Blocks
for Replacement for user data for Replacement for user data
Spare Length Spare Interval Spare Length Spare Interval
SL=2M Sl=N SL=2M Si=N

Figure 30 - ECC Blocks reserved for Replacement
Each PPL entry shall be recorded as shown in table 10.
Table 10 - PDL Entry

b2 bag | bog Doy bog by
Defect Reserved Defective Block Number
Type

The defect type shall be set as shown in table 11.
Table 11 - PDL Entry Defect Type definition, b 5, and b 5

Defect Type | Definition
00 Shall indicate that the entry was generated by the disk manufacturer.
01 Shall indicate that the,entry was generated by user certification.
10 Shall indicate that the entry was generated by the user by means other thah
certification.
11 Shall indicate that the entry was generated by the disk manufacturer but shall be
ignored'when slipping.

The Defective Block NUmber shall contain the Physical Sector Number of the first Physical Sector of the ECC Block
to be sKipped when assigning LSNs.

Entries|with Defect ‘Types 00, 01, or 10 shall be sorted in ascending order by the Defective Block Number field.
The Defect Type shall be ignored when sorting among Defect Types 00, 01, and 10. Entries with Defe¢t Type 11
shall bg softed by the Defective Block Number field and shall be located after all entries with Defect Types 00, 01
or 10. Défect Types 00 and 11 shall not occur on the same disk. Defect Type 11 allows the PDL to be retained
even when It IS Not USed, So thaf It can be re-applied during a SuUbSequent format operation.

The set of entries with Defect Types 00 or 11 shall constitute the Manufacturer’s Certification List.

20.3 Secondary Defect List (SDL)

The SDL contains a list of ECC Blocks determined to be defective during use of the media and ECC Blocks
reserved for replacement areas. The defective ECC Block shall be linearly replaced by a reserved ECC Block as
assigned in the SDL. Identifying defective ECC Blocks may happen during either read or write operations. The SDL
shall be updated after formatting and each time linear replacement occurs. The SDL shall be recorded as shown in
table 12.
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Table 12 - Format of SDL

BP in ECC Block Contents ength in bytes
0 SDL ldentifier = (2A53) 2
2 Number of SDL entries 2
(N_SDL)

4 SDL Update Count 4

8 SDL entry O 8

16 SDL entry 1 8

N_SDL x 8 SDL entry N_SDL - 1 8
N_SDLx8+8 Reserved
to 32 767 set to (00)

The SDL I[dentifier shall be set to (2A53) to identify an SDL recorded according to.this standard.

The Number of SDL entries shall indicate the total number of entries in the SDL.

The SDL Update Count shall specify the total number of update operationsfor the SDL area. This field sha

| be set

to (00000000) during the first format or certification operation, and shall'be incremented by one each time the SDL

is re-writtdn.

Each SDU entry shall be formatted as shown in table 13.
Table 13 - SDL entry~-format

bea ber | bgs bsg | bss D3, | ba Doy [ bq
Status Reserved Defective Block Reserved Replacement Block
Nuniber Number
The Status field shall indicate the status of theentry as shown in table 14.
Table 14.-\SDL Entry Status definition, b g3 and bg,
Status Definition

00 The entry identifies a valid replacement.

01 The éntyy identifies a defective location on the medium that has not been recorded
atits new address.

10 The Replacement Block Number field identifies an area usable for future
replacement. The Defective Block Number field shall be set to zero.

r1l The Replacement Block Number field identifies a replacement location unusable for
future replacement. The Defective Block Number field shall be set to zero.

The Defective Block Number shall identify the PSN of the first Physical Sector of the ECC Block to be replaced.
The Replacement Block Number shall identify the PSN of the first Physical Sector of the ECC Block to hold the

replaced ECC Block.

There shall not be any hierarchical replacements; no Replacement Block Number shall be equal to any Defective

Block Number field.

Each of the ECC Blocks set aside for replacement but not in use, shall be identified by an SDL entry (with Status

10).
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The SDL shall be sorted in ascending order as if each entry were a single 64 bit unsigned integer, which means:
first sorted by Status, and within Status by Defective Block Number, and within Defective Block Number by
Replacement Block Number.

20.4

Assignment of Logical Sector Numbers (LSNs)

Logical Sector Numbers (LSNs) shall be assigned contiguously from LSN 0, typically starting from the first PSN
after the first replacement area, PSN (31000 + SL) to the end of the Data Zone, except that all ECC Blocks listed in
the PDL and all ECC Blocks set aside for replacement shall be excluded and not be assigned LSNs. The LSN of
the next Physical Sector, following one or more excluded ECC Blocks, shall be one greater than the LSN of the last
Physical Sector of the last ECC Block preceding the excluded ECC Blocks (see figure 31).

20.5
The tot

Slipping and Linear Replacement shall occur only in.thie Data Zone.

A PSN

Transl
1) skip the areas set aside for replacemernt,

2) seg
3) apy

Refer tq

21

ond apply the PDL,
ly the SDL.

annex H for examplealgorithms.

Disk Control°ECC Blocks (DCBSs)

Slipping and Linear Replacement algorithms and requirements
al amount of slipped and replaced ECC Blocks shall he’limited by the following requirement:

(N_PDL x 4+ N_SDL x 8) <32 744

ion of LSNs to PSNs shall be perfortmed in the following order:

(32000) | (32010) | (32020) | (32030) | (32040) | (32050) | (32060)
PSNs to to to to to to to
(3200F) | (3201F) | (3202F) | (3203F) | (3204F) | (3205F) | (3206F)
(32010) (32030) | (32040)
listed listed listed
In PDL In PDL In PDL
LSN LSN L'SN LSN
LSNs (n+00) (n+10) (n+20) | (n+30)
to (n+0F) to (n+1F) to (n+2F) | to (n+3F)

Figure 31 - Example of LSN assignments due to PDL

shall be listed a maximum of once in the combined set of PDL or the SDL entries.

Disk Control ECC_Blocks are provided as a structure on the disk to include additional information for interchange

betwee
DCBs S

21.1

hall have the same format for the first 40 data bytes.

Format of Disk Control ECC Blocks

h the data interchange parties. DCBs are recorded in the Inner and Outer Disk Identification Zones. All

The Main Data of each Disk Control ECC Block shall be according to table 15.
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Table 15 - Format of each Disk Control ECC Block

Physical Sector Main Data BP | Description
of each DCB

0 Do to Dy Content Descriptor
0 D, to Dy Unknown Content Descriptor Actions
0 Dg to Dgg Vendor ID
0 Dy to D5 47 Reserved

1 to-15 Im) D Racarvad

il —0 —Z204/7 —

Each DCB with a Content Descriptor (see 21.1) not set to (00000000), (FFFFFFFE), or (FFFFFFER)N th

Disk Iden
the Inner
Identificat

Bytes D g
if setto (0

fication Zone shall have an identical DCB in the Outer Disk ldentification Zone. The order of the [

on Zone.
to D 5 - Content Descriptor
DO00000)

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

e Inner
DCBs in

Disk Identification Zone is not necessarily the same as the order of the DCBs(in-the Outer Disk

All remaining bytes, D, to D, 47 of Physical Sector 0 andB to D, ., of Physical Sector 1 fo 15 in
table 15 shall be set to (00).
if set to (FFFFFFFE)
This DCB is bad and shall not be used.
if set to (FFFFFFFF)
This DCB was previously used and is_now available for reuse.
All remaining bytes, D, to D, 47 of'Rhysical Sector 0 and D to D, 47 of Physical Sector 1 {o 15 in
table 15 shall be set to (00).
All other vialues for the Content Descriptor afe reserved.
Each new| DCB added to the Inner or the. Outer Disk Identification Block shall be written at the first unusgd DCB
(Content Descriptor = (00000000) or (FFFFFFFF)).
Bytes D 4 fo D - Unknown Content.Descriptor Actions
These bit$ are provided to specify required actions when the content and use of the DCB are unknown {i.e. the
content dgscriptor is not setto a known assigned value). These bytes form a field consisting of 32 individual|bits.
Bits b, tq b, Reserved
These bits shall be set to all ZERO.
Bit b, DCB overwrite
if set to ONE, modifying the current Disk Control ECC Block shall not be allowed,
else it shall be set to ZERO.
Bit b, Formatting
if set to ONE, reformatting of the disk shall not be allowed,
else it shall be set to ZERO.
Bit by Data Zone read
if set to ONE, reading shall not be allowed in the Data Zone,
else it shall be set to ZERO.
Bit by Data Zone write
if set to ONE, recording shall not be allowed in the Data Zone,
else it shall be set to ZERO.
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Bytes D g to Dag Vendor ID

Bytes reserved for Vendor ID information.

22

Section 5 - Characteristics of the groove

General

All recording shall occur only in grooved areas. The groove centreline is deviated from the average track centreline
with a modulated frequency (see figure 20). Physical addressing information can be decoded from the frequency

modul

ed wobble, while additional timing information can be obtained from the Alternating Fine CI

ck Marks

(AFCM].

The for
signals

23
23.1

All sign
in8.1.1

23.2

All sign|
shall ha

23.21

The foq
when v

23.2.2

mat of the groove information on the disk is defined in 14.5.1.1. Clause 24 specifies the requirems
from grooves, as obtained when using the Reference Drive.

Method of testing
Environment
Als in clause 24 shall be within their specified ranges with the disk in the test.€nvironment conditio

Reference Drive

als specified in clause 24 shall be measured in the indicated channels of the Reference Drive.
ve the following characteristics for the purpose of these tests.

Optics and mechanics

used optical beam shall have the properties defined int9.2" a) to i). The disk shall rotate counter|
ewed from the objective lens at a rotation rate of 20,0 z.

Read power

The opfical power incident on the read-out surface of.the disk (used for reading the information) shall be

0,1 mW.

23.2.3

The dri
in the e
of light
clause

For me

Read channels

e shall have two read channels. Read"Channel 1 gives a signal (/; + I,) related to the total amo
Xit pupil of the objective lens. Read-Channel 2 gives a signal (/; - ;) related to the difference in t
in the two halves of the exit_pupil of the objective lens. These channels can be implemented §
D.

asurement of the push-puliFand track cross signals, the read channel signals shall be filtered by

LPF with a f.(-3 dB) of 30 kHz.

For me
Low Pa

23.24
During

hsurement of the Wobble and AFCM signals, the read channel signals shall be filtered by a 6th or
ss Filter with a#,(+3 db) of 1,0 MHz.

Tracking
the measurement of the signals, the axial tracking error between the focus of the optical

recording layer-shall not exceed

nts for the

hs defined

The drive

clockwise

1,0 mW =+

int of light
he amount
s given in

h 1St order

ler Bessel

beam and

€ (axial) = 0,23 um

and the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed

23.3

emax(radial) = 0,033 um
Definition of signals

All signals are linearly related to currents through a photo detector, and are therefore linearly related to the optical
power falling on the detector.
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I R W

([ 1t [2)max T
(/1 + 2)min
0level i

(11 - IZ)pp

Push-pull signal

The push

optical beam crosses the tracks. The signal can be used by the drive for radial tracking.

Track crog

The track
tracks.

Wobble afnd AFCM signal

The wobb)
drive mee

24 C

24.1 Py
The peak-

a) ingro

b) ingro

c) Ratio

Figure 32 - Signals from grooves in the Read Channels

pull signal is the filtered sinusoidal difference signal (/; - ;) in Read Channel 2, when the focu

s signal

cross signal is the filtered sinusoidal sum signal (/; + ;) when the focus(of the optical beam cros

>
I
Iy H AFCM

Average track
centreline

Figure 33 - Wobble and AFCM signal amplitudes in Read Channel 2

le and AFCM signals are the filtered sinusoidal difference signals (/; - I,) in Read Channel 2, w

[s the minimum tracking requirement.
naracteristics of the groove signals
ish-pull signal
to-peak value of the push=pull signal shall meet the following requirements:
. (Il | 2) pp
bved areas before recording: 0,45< <0,80
[(|1+|2)max+(| 1+1 ) min]/z
. (l1=12),
bved areas-after recording: 0,40< <0,80

[(|1+|2)max+(| 1+1 ) min]/z

of push-pull signal of unrecorded groove to push-pull signal of recorded groove shall be in the 1

5 of the

ses the

hile the

ange of

0,7to

1.3

24.2 Tr
The Track

ack Cross signal
Cross signal for the unrecorded disk shall meet the following requirement:

(|1+|2)pID

[(|1+|2)max+(| 1+1 ) min]/220,07

The (I; + I,)max vValue shall be generated at the groove centre.

24.3 Phase depth
The phase depth of the groove shall not exceed 90°.
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24.4 Normalized wobble signal

The deviation from the track centreline shall be measured by the normalized wobble signal. The amount of distance
that the centre of the wobble groove deviates from the average track centreline can be calculated according to
annex L.

The wobble signal shall be measured at locations where the amplitude is not enhanced due to the positive
interference of the wobble from adjacent tracks.

The normalized wobble signal shall be

0,0503%3 Q078
VL2 pp

24.5 |Characteristics of the wobble

The Nafrow band SNR of the wobble signal shall be greater than 26 dB. The measurement shall-be mafle using a
resolutipn bandwidth of 3 kHz.

24.6 |Characteristics of the Alternating Fine Clock Marks (AFCM)
The sighal amplitude of the AFCM shall be (3,5 x hy ) < Iapem < (7,0 x Ay )

The petiod of the AFCM shall be %x (nominal wobble period) + 10 %.

1
The nominal wobble period shall be defined as ————— (see 14:5.1)
carrierfrequency

Section 6 - Characteristics of the recording layer

25 |Method of testing

The fornat of the embossed and rewritable information en the disk is defined in clause 13. Clause 24 specifies the
requirements for the signals from grooves, as obtainedavhen using the Reference Drive.

This clause specifies only the average quality ofthe embossed and rewritable information. Local deviations from
the spegified values, called defects, can cause tracking errors or errors in the Data fields. These errors afe covered
by Sectjon 7.

25.1 |Environment
All signpls in 25.7.2 to 25.7.7 shall be-within their specified ranges with the disk in the test environment |conditions
defined]in 8.1.1.

25.2 [Reference Drive

All signals specified in 252 to 25.7.7 shall be measured in the indicated channels of the Reference Drive. The
drive shall have the following characteristics for the purpose of these tests.

25.2.1 |Optics and mechanics
The fogused optical beam shall have the properties defined in 9.2 a) to i). The disk shall rotate as specified in 9.5.

25.2.2 |Read\power

The opficabpower incident on the read-out surface of the disk ( used for reading the information ) shall be|1,0 mW +
0,1 mwW-

25.2.3 Read channels

The drive shall have two read channels. Read Channel 1 gives a signal (/; + /,) related to the total amount of light
in the exit pupil of the objective lens. Read Channel 2 gives a signal (/; - I;) 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.

For measurement of the push-pull and track cross signals, the read channel signals shall be filtered by a 1St 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
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variations during writing. Jitter measurements shall be made using the Read Channel 1with the characteristics in
annex C.

25.2.4 Tracking

During the measurement of the signals, the axial tracking error between the focus of the optical beam and
recording layer shall not exceed

€max(@xial) = 0,23 um
and the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed
epax(radial) = 0,033 um

25.2.5 Sdanning velocity
All write tgsts are performed at the minimum and the maximum velocities of the disk defined in 17.4.

The CAV (isk shall be tested at 3,02 m/s and 7,35 m/s.
The CLV (lisk shall be tested at 4,90 m/s and 6,25 m/s.

All read tests are performed at the reference velocity of 4,90 m/s.

25.3 Write conditions for Rewritable area
Marks and spaces are written on the disk by pulsing a laser.

25.3.1 Write pulse waveform
The laser power is modulated according to the write pulse waveform given/in figure E.1 of annex E.

A 3T to 14T is written by applying a multiple-pulse train of write pulses.

The write power has three levels: the Peak power (Pp), the Biasl power (Pbl), and the Bias2 power (Pb2), which
are the optical powers incident at the entrance surface of the“disk and used for writing marks and spaces. The
values of these power levels shall be optimized according te:annex G.

25.3.2 Wfite power
The optimjzed write powers, Pp, Pbl and Pb2 shall meet the following conditions

The peak power, Pp, shall be 8,0 mW < Pp 15,0 mW

The Bias]| power, Pbl, shall be 3,0 mW < Pbl <7,0 mW

The BiasZ power, Pb2, shall be 0,0 mMW) < Pb2 < Pbl

The write powers, Pp, Pbl, and Ph2 Shall be within 5 % of their optimum values.

25.3.3 Measurement conditions

The test for jitter shall be~carried out on any group of five adjacent tracks, designated (m-2), (m-1), m{ (m+1),

(m+2), in lhe Rewritableareas of the disk.
For measlirement @of jitter the system described in annex C shall be used.

The Jitter shall be-measured for each track according to the following procedure:

a) Write random data on all five tracks 10 times each as specified in 25.3.1

b) Read the data of track m under the conditions specified in 25.2.

25.4 Jitter

The jitter for the Embossed and Rewritable areas shall be measured at the reference velocity using the circuit
specified in annex C.

The measured jitter of the Embossed area shall not exceed 9 %.
The jitter measurement in the Rewritable area shall be using the conditions specified in 25.3.

The measured jitter in the Rewritable area shall not exceed 9 %.
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25.5 Channel bit length
In the Embossed area, the average Channel bit length shall be

0,176 37 um + 0,008 00 um

In the Rewritable area, the average Channel bit length over each RUB shall be
0,176 37 um + 0,000 20 pm

25.6 Phase depth

The phase depth of the embossed pits shall not exceed 90°.

25.7 |Definition of signals
All signgls are linearly related to currents through a photo-diode detector, and are therefore linearly, related to the
optical power falling on the detector.
VAVAVAVAVAVAVAVAY
VAV AV AV aVAVAY sy S —
000
LRGN o
OOV .
0888880t L
NS vevee: coam
) VAYAYA / v
NQOOOCORIOT 1y
har
0 Level L
Figure 34 -Signals from lands and.pits or spaces and marks in the Read channel
25.7.1 |High frequency signals (HF)
The HH signal is obtained by summing the currents of the four elements of the photo detector. These cyrrents are
modulated by the effects of the marks and spaces representing the information on the recording layer.
25.7.2 |Modulated amplitude
The mgdulated amplitude /1, is the)peak-to-peak value generated by the largest mark and space lepgths (see
figure 34). The peak value /14 -shall be the peak value of the HF signal before a.c. coupling. The modulated
amplituple /5 is the peak-to-peak value generated by the shortest mark and space lengths. The 0 Level is|the signal
level olmained from the measuring device when no disk is inserted. These parameters shall meet the following
requirements.
a) Inthe Embossed@areas
lia ! l14ny =.0,85
I3 1142 030
(1 gz =Lttt L33
b) Inthe Rewritable areas
lia ! l4q > 0,35
I3/ 14>0,30
Within one disk, (11 41max = "14nmin) ! harmax < 0,30
Within one Recording Unit Block, (/1 4pmax-"14Hmin) / larmax < 0,15
25.7.3 Reflectivity-modulation product
The reflectivity of the disk multiplied by the /;, modulated amplitude shall be
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Riap x l14! ligq > 5 % (see 25.7.2 and annex A)

25.7.4 Signal asymmetry
The signal asymmetry shall meet the following requirement, see

a) inthe

Embossed areas

lign +11a. T3+l g

~0,05< 2 2 <+015
l14

b) in the

25.7.5 PU

The push-
optical be
the followi

25.7.6 Tr

The TracK
tracks. Th

25.7.7 Di

The outpd
and .

The differ
pairs of ph

[{Phase (I

The phasg difference signals shall be low-pass filtered with f,(-3 db) of 30 kHz.

This differ
Amplitude

Rewritable areas

lign +11a T+l g

~0,15< 2 2 <+0,10
l14

sh-pull signal

pull signal is the filtered sinusoidal difference signal (/; - ) in the tracking ¢hannel, when the focu
hm crosses the tracks. The peak-to-peak value of the push-pull signal.for the Embossed area sh
ng requirement:

('1"2)pp
[(|1+|2)max+(| 1+ 9) mm]/z

hck Cross signal

Cross signal is the filtered sinusoidal sum signal (/;++ I,) when the focus of the optical beam cros
e Track Cross signal for the Embossed area shallkmeet the following requirement:

(li+12)
[(|1+|2)max+(| 1+1 ) min]/2

ferential phase tracking error signal
t currents of the four quadrantsof the split photo detector shown in figure 35 are identified by

0,15< <0,35

>0,10

bntial phase tracking error signal shall be derived from the sum of the phase differences betwee
oto detector elemerits,when the light beam crosses the tracks:

) - Phase (/,)} #{Phase(/,) - Phase (/,)}] , see figure 36 and annex D.

ential phase tracking error signal shall meet the following requirements (see figure 36):

s of the
hll meet

ses the

=y Ib' Ic’

n radial

In the Em

ossed area:

At the positive 0 crossing Xt/T shall be in the range 0,5 to 1,1 at 0,10 um radial offset, where At is the average

time difference derived from the sum of the phase differences between radial pairs of photo detector elements, and
T is the Channel bit clock period .

In the Rewritable area:

At the positive 0 crossing E/T shall be in the range 0,25 to 0,75 at 0,10 um radial offset, where At is the average

time difference derived from the sum of the phase differences between radial pairs of photo detector elements, and
T is the Channel bit clock period .
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Asymmetry (see figure 36)

The asymmetry shall meet the following requirement:

M=% 4,
|T1 + T2|
where

T, is the positive peak value of At/T

. . /.
Ly 15 e negative peak value o At/ 1

Light beam

—» Tangential direction

97-0047-A

Figure 35 - Quadrant photo detector

H\E\

p  Radial spot displacement
Tp: Track pitch

Figure 36 - Differential phase tracking error signal

Section 7 - Characteristics of user data

26  |Method/of‘testing

Clauses 27 and 28 describe a series of measurements to test conformance of the user data on the disk with this
Internafional Standard. It checks the legibility of both embossed and user-written data. The data is assumed to be
arbitrary.“The user-written data may have been written by any drive in any operating environment (see §.1.2). The
read tests shall be performed on the Reference Drive.

Whereas clauses 25 disregards defects, clauses 27 and 28 include them as an unavoidable deterioration of the
read signals. The gravity of a defect is determined by the correctability of the ensuing errors by the error detection
and correction circuit in the read channel defined below. The requirements in clauses 27 and 28 define a minimum
guality of the data, necessary for data interchange.

26.1 Environment

All signals in 27.1 to 28.3 shall be within their specified ranges with the disk in any environment in the range of
allowed operating environments defined in 8.1.2. It is recommended that before testing the entrance surface of the
optical disk shall be cleaned according to the instructions of the manufacturer of the disk.
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26.2 Reference Drive
All signals specified in clauses 27 and 28 shall be measured in the indicated channels of the Reference Drive. The

drive shall

have the following characteristics for the purpose of these tests:

26.2.1 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.

26.2.2 Read power
The optical power incident on the entrance surface of the disk (used for reading the information) shall be

1,0 mw +

26.2.3 Re

The drive
in the exit
of light in
and 9.6.

The signa
read signa
during wri
and the cf

26.2.4 Er
Correctiorn
definition

26.2.5 Tr

During th
recording

e
and the ra

e

27 M

This claug
The qualit

A byte er
circuits.

27.1  Us

The user-
cannot be
defect mal

O mWs
ad channels

shall have two read channels. Read Channel 1 gives a signal (/; + /,) related to the total amoun
pupil of the objective lens. Read Channel 2 gives a signal (/; - /,) related to the differgnce in the
he two halves of the exit pupil of the objective lens. These channels can be implemented as give

from Read channel 1 is equalized and filtered before processing. The threshold level for binari
1l shall be controlled to minimize the effects of mark and space size changes.due to parameter va
ing. For measurement of the disk quality as specified in clauses 27 and.28, the equalizer, filter an
aracteristics of the PLL shall be the same as specified in annex C for the’jitter measurement.

For correction

n 13.3.

hcking
b measurement of the signals, the axial tracking e€rror between the focus of the optical be
ayer shall not exceed

| x(axial) = 0,23 pm

dial tracking error between the focus of the gptical beam and the centre of a track shall not excee

L ax(radial) = 0,033 pm

nimum quality of a Recording Unit Block

e specifies the minimum quality of the data of a Recording Unit Block as required for data inter
y shall be measured on the Reference Drive specified in clause 9 and annex C.

or occurs when one.ar more bits in a byte have a wrong value, as detected by the ECC and

ber-written data

ritten datatinta Recording Unit Block as read in Read channel 1 shall not contain any byte er
corrected by the error correction defined in 13.3, except those RUBs that have been replace
hagement.

of light
amount
nin 9.3

ring the
iriations
d slicer,

of errors in the data bytes shall be carried out by an error detection and correction system based on the

hm and

Change.

or EDC

ors that
d using

27.2 Embossed data
ata mn an OCK as read i Read channel I shall not contain any Dyte erfors that cannot be

The embosse

corrected

by the error correction defined in 13.3.

28  Data interchange requirements
A disk offered for interchange of data shall comply with the following requirements.

28.1 Tr
The focus

acking
of the optical beam shall not jump tracks unintentionally.

28.2 User-written data

Any ECC Block written in the Data Zone that does not comply with 27.1 shall have been replaced according to the
rules of the defect management as defined in clause 20.
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28.3 Quality of disk

The quality of the disk is reflected in the number of replaced Recording Unit Blocks in the Data Zone. This
International Standard allows a maximum of 4 093 replaced Recording Unit Blocks.
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Annex A
(normative)

Measurement of light reflectivity

A.1 Calibration method
forancao diclk chall ha ~crhocon faor nctaneco O A mm alace dicle anth A ~AAlAA~AN rofloactihna mier i
A of :
good referenrce—disk—shal—be—choesen—forinstance—06—mm glass—disk—with—a—gelden—+reflective—mirror. This

reference |disk shall be measured by a parallel beam as shown in figure A.1

V\\
Rint ) Sa
>
Ry Rs \ 4
\
Is

' r R

Figure A.1 - Reflectivity calibration

In this figyre the following applies.

R = reflectivity of the recording layer (in¢luding the double pass substrate transmission)

r = reflectivity of the entrance surface

I = incident beam

s = reflectance caused by-the reflectivity of the entrance surface

Rs = main reflectance caused by the reflectivity of the recording layer

Rint = reflectance caused by the internal reflectances between the entrance surface and the rgcording
layer

Ry = measuredwalue (rg + Rg + R;y)

The reflectivity of the entrance surface is defined by :

(n-1)°
r \nlhr\:ﬁr\ A tha tnday aof rafrantinn of tha cobhotratn

P
T _k T VT ot e O e X O e Tt Cr o ot e Soio Stratte

The main reflectance Rq = R, - rg -R;,; Which leads to:

int

(1- r)2 x(Ry =)
Rs= 1—r><(2—/|/?//)

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

Now the arrangement is calibrated and the focused reflectivity is a linear function of the reflectivity of the recording
layer and the double pass substrate transmission, independently from the reflectivity of the entrance surface.
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Measuring method

Reflectivity in the unrecorded Rewritable area

A method of measuring the reflectivity using the reference drive.

1)
2)

3)

Measure the total detector current (/; + ) from the reference disk with calibrated reflectivity R.

Measure the total detector current (/; + I,), from a groove track in an area of the disk where the groove track
and the two adjacent tracks on each side of the track to be measured have been erased. Erasure of these
tracks shall be done by irradiating the tracks using only the Pb1 power as determined from the OPC algorithm
(see annex G).

Calculate the unrecorded disk reflectivity Ry in the Rewritable area as follows

Iy +1
S

(11+12)g

Reflectivity in the recorded Rewritable area

A methpd of measuring the reflectivity using the reference drive.

1)
2)

3)

Megsure the total detector current (/; + I,)g from the reference disk with calibrated reflectivity Rq.
Me

mng only the Pb1 power as determined from the OPC algorithm (s€e annex G).

Calculate the unrecorded disk reflectivity Ry in the Rewritable areaas follows:

_ iy
R ——(|1+|2)S x Rs

Reflectivity in the Embossed area

A methpd of measuring the reflectivity using the reference drive.

1) Meagsure the total detector current (/; + I)4 fram the reference disk with calibrated reflectivity R.

2) Megsure I 4y in the Information Zone of.the disk.

3) Calgulate the reflectivity as follows:

141
R =——F_—xR
14H (|1+|2)SX s

psure /14 from a recorded groove track in an area of the disk where the“two adjacent tracks on e3
the|track to be measured have been erased. Erasure of these tracks-shall be done by irradiating
usi

ich side of
the tracks

© ISO/IEC 1999 — All rights reserved

57


https://standardsiso.com/api/?name=d6f4a3a034ebfaab923e530406823bc3

ISO/IEC 16969:1999(E)

Annex B
(normative)

Measurement of birefringence

B.1 Principle of the measurement
In order tg-reasure-the-birefringence—eiredlary-polarized-ightiraparallel-bearm-isused—Fhephaseretardation is

measured by observing the ellipticity of the reflected light.

97-0008-A

Figure B.1 - Ellipse with ellipticity:\ e = b/a and orientation &

The orienfation 6 of the ellipse is determined by the erientation of the optical axis
0 =y-nl4 1)

where y iq the angle between the optical axis and the radial direction.

The ellipti¢ity, e = b/a, is a function of the phase retardation &

oo 3G ?

When the [phaseretardation §is known the birefringence BR can be expressed as a fraction of the wavelength

BR:i(Snm (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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B.2 Measurements conditions
The measurement of the birefringence specified above shall be made under the following conditions.

Mode of measurement in reflection, double pass through the substrate

Wavelength A of the laser light 640 nm + 15 nm
Beam diameter (FWHM) 1,0 mm = 0,2 mm
Angle B of incidence in radial direction 7,0°+0,2°

relative to the radial plane perpendicular
to Reference Plane P

Disk mtl)unting horizontally
Rotatiop less than 1 Hz
Tempefature and relative humidity as specified in 8.1.1

B.3 |[Example of a measurement set-up

Whilst this International Standard does not prescribe a specific device for measuring birefringence, {he device
shown schematically in figure B.2 as an example, is well suited for this measuremet;

/
/

,% <4———=- Photo detector

<>/ €¢—=~—— Collimator lens
{

Disk —»\[

=

97-0007-A

Figure B.2 - Example of a device for the measurement of birefringence

Light frpm a laser source, collimatéd into a polarizer ( extinction ratio ~ 10~ ), is made circular by a A/ [plate. The
ellipticity of the reflected light_ is analyzed by a rotating analyzer and a photo detector. For every locatjon on the
disk, the minimum and thesxmaximum values of the intensity are measured. The ellipticity can then be calqulated as

€ = Imin/Amax )
Combining equations-(2), (3), and (4) yields

BRzﬁ—ﬁarctan Im—'”
4 | max

This device can be easily calibrated as follows

- Iqin is set to 0 by measuring a polarizer or a A/ 4 plate,
= Imin = 'max 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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Ann

ex C

(normative)

Measuring conditions for operation signal

C.1 System diagram for jitter measurement and determination of the characteristics of

user data

The jitter $hall be measured as the standard deviation ¢ between all data edges and clocks generated by a phase-

locked logp as shown in figure C.1 when 8-to-16 modulated codes are recorded.

The genelal system diagram shall be as shown in figure C.1.

f

(e.g. a Time Interval analyser)

HF-signal
Pre-amp.
a.c. coupling EQ L PF
Quadrant
photo
detector
Phase detector
filter
VvCO
Slicer PLL
All'data Clock
edges signal
Jitter analyser Start/stop

97-0015-A

Figurn C1-General diagram far jittnr measurement

signal from the
revolution pulse
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Open loop transfer function for PLL

The open-loop transfer function for the PLL shall be as shown in figure C.2

Gain (dB)
A

-40 dB/decade

C.3
The slig

CA4

The ba
delay d

Equaliz
Low-pa

Filtering

-20 dB/decade

30
0 dB : »'“Frequency (kH

<40 dB/decade

Figure C.2 - Schematic representatien of the open-loop transfer function for PLL

Slicer
er shall be a 18t order, integrating feed-back auto-slicer with a -3 dB closed-loop bandwidth of 5 k

Conditions for measurement

ndwidth of the pre-amplifier of the photo detector shall be greater than 20 MHz in order to prev
stortion.

er: 3-tap transyersal filter with transfer function H(2) = 1,32 z2 - 0,16 (1 + z%)
5s filter: 6th erder Bessel filter, f (-3 dB) = 15 MHz
and equalization :

- Gain variation : 1 dB max. (below 10 MHz)
- Group delay variation : 1 ns max. (below 10 MHz)

N

)

ent group-

= ((::\in at4.63 MHz - Gain-at0 I—I7) =31dB+03dB

a.c. coupling (high-pass filter) = 1st order, f (-3 dB) = 10 kHz

Correct

ion of the angular deviation : only d.c. deviation shall be corrected.
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Gain(dB)
+6
~ - ~
N e
+3
) V. N /
AN /Equalizer
V, /
\
7 /
0 _ ~
S Bessel filter
-3 <
~N
Bessel A\
filtet
-6
0 5 10 15 20
Frequency(MHz)
Figure C.3 - Frequency characteristics for the equalizeryand the low-pass filter
C.5 Mgpgasurement

The jitter If all leading and trailing edges of embossed data oyerone rotation shall be measured.

The jitter ¢f all leading and trailing edges of information within a Recording Unit Block excluding the additiopal sync
frames added for linking shall be measured.

Under thepe measurements, the jitter shall not exceed 9,0 % of the Channel bit clock period.
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Annex D
(normative)

Measurement of the differential phase tracking error

D.1 Measuring method for the differential phase tracking error
The referenee—eireditfor-the-measdrement-ef-the-tracking-errer-shall-be-that-shewn-ir-figure-B-i—Each-edtput of the
elements of the quadrant photo detector shall be binarized independently after equalization of the wavefprm with a
transfel| function defined by:

Hiw)=(1+1,6x107iw)/(1+4,7x108i0)

The ga|n of the comparators shall be sufficient to reach full saturation on the outputs, even)with minimjum signal
amplituples. Phases of the binarized pulse signal edges D2 and A2, and of the binarized pulse signal edges B2 and
C2 shall be compared to each other to produce time-lead signals DA+ and BC+ and, time-lag signals DA} and BC-.
The phase comparators shall react to each individual edge with signal DA+/DA- or BC+/BC-, depending gn the sign
of Atj. A tracking error signal shall be produced by smoothing the DA+, DA-, BC+ and BC- signals witl low-pass
filters dnd by substracting these signals in pairs and then adding the resulting” signals by means of |unity gain
differential amplifiers. The low-pass filters shall be 1st order filters with a f(-8 dB) of 30 kHz.

Special| attention shall be given to the implementation of the circuit because very small time differences have to be
measuted, since 1 % of T equals only 0,36 ns. Therefore, careful averaging is needed.

The average time difference between two signals from the 2 radial\pairs of elements of the quadrant phofo detector
shall be

— 1
At=WZAti

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

D.2 |Measurement of At/T without time interval analyzer
The relptive time difference At/T is represented by the amplitude of the tracking error signal provided that the
amplitupes of the DA+, BC+, DA- and BC- signals and the frequency component of the read-out sjgnals are
normaligzed. The relation between thetracking error amplitude ATVE and the time difference is given by

- Ab; At; At
ATVE:2><z IVpC=2><Z IVpC:2><£><E
T NnT n

where
Vpeis the amplitude of the DA+, BC+, DA- and BC- signals

T; is the actual length of the read-out signal in the range 3T to 14T

NT 5 he welghted average valtue of the actuat tengths
NNT is the total averaging time

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:2><ﬂ
T
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Figure D.1 - Circuit for tracking error measurements
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Annex E
(normative)

The write pulse wave form for testing

The write pulse waveform obtained from the NRZI data and the channel clock is shown in figure E.1. The pulse
width time, Tpyy, is equivalent to a 50% duty cycle of the channel clock, Ty, at a linear speed of 7,35 m/s.

The pulse width time, Tpy, at all allowed writing velocities shall be

Tpw =12,0ns £ 0,3 ns

TPW TW
—» - <>
NRZI data
Pp
Pb1 4
l Pb2
0 mw—Y '

Figure E.1 - Write pulse waveform

The values for Pp, Pbl, and Pb2 are determined according to the OPC algorithm (see annex G). An example of the
write pylse waveform for thezminimum mark, the minimum space and the maximum mark are shown in figure E.2.
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S

Figure E.2 - Example of a Multiple-pulse

Tw

Figure E.3 - Rise Times and Fall Times

The rise times, T,, and fall times, Ty, as specified in figure E.3 shall not exceed 3 ns:
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Annex F
(normative)
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8-t0-16 modulation shall satisfy RLL(2,10) requirements. The encoding system is shown in figure F.1 with the

conversion tables shown in table F.1 and table F.2.

X(t) = H{B(1), SV}
S(t+1) = G{B(1), S()}

The States of the Code Words, X(t), shall bel.chosen to satisfy the RLL(2,10) requirements of a min
ZEROs|and a maximum of 10 ZEROs betweer’ ONEs of adjacent Code Words.

8 bit byte, B(t) 16 bit Code Word, Xt)
State, §) Conversion table Next State, §+1)
ld
LT €
T = Delay of one conversion
Where

X 15(t) =msb and¥(t) = Isb

H is the output function from the conversion tables
G is the next-state function frof the conversion tables

Figure F.1 - Code Word generating system

Code WordX(t) Next State Code Word X(t+1)
X(t+1)
Ends with 4 ‘ar'no trailing State 1 Starts with 2 to 9 leading ZEROs
ZEROs
Ends with 2 to 5 trailing ZEROs State 2 Starts with 2 to 9 leading ZEROs
and
Xq5(t+1) + X5(t+1) =0
Ends with 2 to 5 trailing ZEROs State 3 Starts with 2 to 9 leading ZEROs
and
Xo(t+1) + X (1+1) > 0
Tov 7 O\ 7
Ends with 6 to 9 trailing ZEROs State 4 Starts with 1 or no leading ZEROs

Figure F.2 - Determination of States

mum of 2

Note that when decoding the recorded data, knowledge about the encoder is required to be able to reconstitute the

original bytes.
B(f) = HL{X(1), S(9}
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