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Foreword

ISO (the Int
specialized
developmer

ISO/IEC 16448:1999 (E)

| Commission) form th
system for worldwide standardization. National bodies that are members of ISOJof IEC participate in tf
t of International Standards through technical committees established by the respective organization to deal v

particular figlds of technical activity. ISO and IEC technical committees collaborate in fields of|mutual interest. Othe

internationa
Internationa|

In the field
Internationa
Internationa

This Internd
from ECMA
Information

Annexes A {

organizations, governmental and non-governmental, in liaison with ISO and IEC, also tgke part in the work.
Standards are drafted in accordance with the rules given in the ISO/IEC Ditectives, Part 3.

of information technology, ISO and IEC have established a joint technical committee} ISO/IEC JTC 1. Draf
Standards adopted by the joint technical committee are circulated‘tg-national bodies fof voting. Publination as
Standard requires approval by at least 75 % of the national bodies casting a vote.

tional Standard was prepared by JISC (as Standard JIS X“6241-1997) with document support and contribut
and was adopted, under a special “fast-track procedure”, by Joint Technical Committee ISO/IEC JTC 1
fechnologyin parallel with its approval by national bodies/of ISO and IEC.

0 H form a normative part of this International Standard. Annexes J to L are for informatipn only.
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INTERNATIONAL STANDARD ©ISO/IEC ISO/IEC 16448:1999 (E)

Information technology — 120 mm DVD — Read-only disk

Section 1 - General

1 Scope

This International Standard specifies the mechanical, physical and optical characteristics of a 120 mm, read-only optical d
to enable the mterchahge of such dISkS It speC|f|es the quallty of the recorded S|gnals the format of the data adihthe recor
method, the ' fed as DVD - Read-Onl

Disk.
This International Standard specifies
— four relafed but different Types of this disk (see clause 7),

— the condjtions for conformance,
— the envirpnments in which the disk is to be operated and stored,

— the mechanical and physical characteristics of the disk, so as to provide mechanical interchange between data proces
systems,

- the format of the information on the disk, including the physical disposition of the tracks and seqgtors, the error correctir
codes arjd the coding method used,

- the charjcteristics of the signals recorded on the disk, enabling data processing systems to read the data from the disk.

This Interngtional Standard provides for interchange of disks between disk drives. Together with a| standard for volume a
file structurg, it provides for full data interchange between/data processing systems.

2 Comformance
2.1 Qptical Disk
A claim of gonformance shall specify the Type of the disk. An optical disk shall be in conformancg with this Internationa
Standard if it meets the mandatory requirements specified for its Type.
2.2 Generating system

A generating system shall be inseonformance with this International Standard if the optical disk it generates is in accordar
with 2.1.
2.3 Receiving system

A receiving pystem shall be in conformance with this International Standard if it is able to handle all fpur Types dfigiptical
according tq 2.1.

3 Noifmative reference

The following standard contains provisions which, through reference in this text, constitute provisions of this Internation:
Standard. At the time of publication, the edition indicated was valid. All standards are subject to revision, and parties
agreements based on this International Standard are encouraged to investigate the possibility of applying the most re:
edition of the standard indicated below. Members of IEC and ISO maintain registers of currently valid International Standard

IEC 950 (1991) Safety of information technology equipment.

4 Definitions
For the purposes of this International Standard, the following definitions apply.
4.1 Adhesive layerA layer of adhesive material bonding together the two parts of the disk.

4.2 Channel bit: The elements by which, after modulation, the binary values ZERO and ONE are represented on th
disk by pits.
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4.3 Clamping Zone:The annular part of the disk within which a clamping force is applied by a clamping device.

4.4 Digital Sum Value (DSV):The arithmetic sum obtained from a bit stream by allocating the decimal value 1 to
bits set to ONE and the decimal value -1 to bits set to ZERO.

4.5 Disk Reference PlaneA 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 Dual Layer disk: A optical disk with one or two entrance surface(s), in which each entrance surface gives access
to a different pair of recorded layers.

4.7 Dummy substrate:A layer which may be transparent or not, provided for the mechanical support of the disk
and/or of a recorded layer.

4.8 ) irfa 0

4.9 Optical disk: A disk that accepts and retains information in the form of pits in a recorded-layer that can be read
by an optical beam.

4.10 Physical sector numberA serial number allocated to physical sectors on the disk(

4.11 Read-only disk:An optical disk in which the information has been recorded when manufadturing the disk. The
information cannot be modified and can only be read from the disk.

4.12 Reg¢orded layerA layer of the disk on, or in, which data is recorded.

4.13 Re¢d-Solomon codésn error detection and/or correction code for the'\correction of errors.

4.14 Regerved fieldA field set to all ZEROs unless otherwise stated, and reserved for future starjdardization.

4.15 Sedgtor: The smallest part of a track in the Information Zone that can be accessed inflependently of other

addressable parts.

4.16 Single Layer disk:An optical disk with one or two entrance surface(s), in which each enfrance surface gives
access to a different recorded layer.

4.17 Spacern the case of Dual Layer disks, the transparent layer placed between the two recgrded layers accessible
through the same entrance surface.

4.18 Substrate: A transparent layer of the disk;*provided for mechanical support of the recorded layer(s), through
which the optigal beam can access the recorded layer(s).

4.19 Trapk: A 360° turn of a continuous spiral.

4.20 Tragk pitch: The distance between the centrelines of a pair of adjacent physical trackg, measured in radial
direction.

4.21 Zorje:An annular area aof the disk.

5 Conventions and notations

5.1 Representation-of numbers

A measured value is rounded off to the least significant digit of the corresponding specified value. For |nstance,titamplies
a specified value of 1,26 with a positive tolerance of + 0,01 and a negative tolerance of - 0,02 allows a range of measurec
values from 1,P351071,275.

Numbers in decimal notafions are represented by the digiis 0 to 9.
Numbers in hexadecimal notation are represented by the hexadecimal digits 0 to 9 and A to F in parentheses.
The setting of bits is denoted by ZERO and ONE.

Numbers in binary notations and bit patterns are represented by strings of digits 0 and 1, with the most significanttbit shown
the left.

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

In each field the data is recorded so that the most significant byte (MSB), identified as Byte 0, is recorded first astd the le
significant byte (LSB) last.

In a field of & bits, bit f{sn_l) shall be the most significant bit (msb) and b the least significant bit (Isb).
Bit bgn-1) is recorded first.
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5.2

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

6

BCA
BP

BPF
CLVv

Names

List of acronyms

CPR_MAI

DCC
DL
DPD
DSV
ECC
EDC
EQ
FWHM
HF
ID
IED
IR
LPF
LSB
MSB
NRZ
NRZI
OTP
PBS
PE
PI
PLL
PO
PTP
PUH
RIN
RS
RZ
SL

Burst-Cutting Area

Byte Position

Band Pass Filter

Constant Linear Velocity

Copyright Management Information
DC Component (suppress control)
Dual Layer

ISO/IEC 16448:1999 (E)

SYNC CodsH

Isb
msb

7

The optical disk that Is the subject of this International Standard consists of two substrates bonded together by an adhe
layer, so that the recorded layers are on the inside. The centring of the disk is performed on the edge of the ceniee hole of
assembled disk on the side currently read. Clamping is performed in the Clamping Zone. This International Standard speci

Ge

Differential Phase Detection
Digital Sum Value

Error Correction Code
Error Detection Code
Equalizer

Full Width at Half Maximum
High Frequency

Identification Data

ID Error Detection (code)
Index of Refraction
Low-Pass Filter

Least Significant Byte

Most Significant Byte

Non Return to Zero

Non Return to Zero Inverted
Opposite Track Path
Polarizing Beam Splitter
Phase Encoding

Parity (of the) Inner (code)
Phase-Locked Loop

Parity (of the) Outer (code)
Parallel Track Path
Pick-Up Head

Relative Intensity Noise
Reed-Solomon (¢ode)
Return to Zero

Single Layer
Synchronisation Code
least significant bit
maost_significant bit

netal description of the disk

the following Types.

Type A consists of a substrate, a single recorded layer and a dummy substrate. The recorded layer can be acce:
from one side only. The nominal capacity is 4,7 Gbytes.

Type B consist of two substrates, and two recorded layers. From one side of the disk, only one of these record
layers can be accessed. The nominal capacity is 9,4 Gbytes.

Type C consists of a substrate, a dummy substrate and two recorded layers with a spacer between them. B

recorded layers can be accessed from one side only. The nominal capacity is 8,5 Gbytes.
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Type D consists of two substrates, each having two recorded layers with a spacer between these two recorded layers
f recorded layers can be accessed. The nominal capacity is 17,0 Ghytes.

From one side of the disk, only one pair 0

Figure 1 shows schematically these four Types. Types A and B are Single Layer (SL) disks and Types C and D are Dual Laye
tified as Layer 0 and Layer 1. Layer O is the layer nearer to the entrance

(DL) disks. The two layers of DL disks are iden
surface. Types A and C are 1-sided disks, Types

In Type C the function of the adhesive layer can
placed, for instance embossed, on the dummy su

Entrance surface l

B and D are 2-sided disks.

be provided by the spacer between the two recorded layers where Layer 1 |

bstrate.

<—/— Substrate

Recorded layer

ype A T T

Adhesive layer

l

Entrance surfacel

\

Dummy substrate

Substrate

Type B

Recorded layer

Adhesive layer

Recorded layer
Substrate

Entrance surfaceT

Entrance surface¢

Substrate

Recorded Layer 0

Type C

Spacer
Recorded Layer 1

Adhesive layer
Dummy substrate

Entrance surfacel

Substrate

Recorded Layer 0
Spacer

Recorded Layer 1

pe D

Adhesive layer
Recorded Layer 1

I D SRS D U -

Spacer

Entrance surfaceT

96-0296-A

Recorded Layer 0
Substrate

Figure 1 - Types of 120 mm DVD - Read-Only disks

8 General requirements
8.1 Environments
8.1.1 Test environment

The test environment is the environment where the air immediately surrounding the disk has the following properties.
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a) For dimensional measurements

temperature
relative humidity
atmospheric pressure

Unless othe
8.1.2

ISO/IEC

b) For other measurements

15°C to 35°C
45 % to 75 %
86 kPa to 106 kPa

:23C+2°C
145 % to 55 %
: 86 kPa to 106 kPa

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

Operating environment

16448:1999 (E)

This International Standard requires that an optical disk which meets all mandatory requirements of this Internatiorwhl Stand
in the specified test environment provides data interchange over the specified ranges of environmental parameters in
operating environment.

Disks used fordata—interchat g€ shattbe upmatcd tder—the fu”uvving conditiot 1S; when—motnted
voltage and|measured on the outside surface of the disk.

The disk exposed to storage conditions shall be conditioned in the operating environment for &
operating.

temperaturg :-28C to 70°C

relative humidity :3%1t0 95 %

absolute humidity : 0,5 g/fto 60 g/n$

sudden chapge of temperature *B0max.

sudden chapge of relative humidity : 30 % max.

There shall

8.1.3
The storage
properties.

temperature
relative hum
absolute hu
atmospherig
temperature
relative hum
8.14

This Interna

8.2

The disk sh
information

8.3 H
The disk sh

qg

J

be no condensation of moisture on the disk.

Storage environment

all be made from materials that comply with the flammability class for HB materials, g

n the drive supplied w

t least two hours beft

shall have the followi

hex J.

environment is the environment where the air immediately surrounding the optical disk
-20C to 50°C

idity 5% to 90 %
midity 1 g/fhto 30 g/n$

pressure 75 KP&'to 106 kPa

variation 1% /h max.

idity variation 10-%/h max.

Transportation
tional Standard does not specify requirements for transportation; guidance is given in an
afety requirements

all satisfy the requirements of IEC 950, when used in the intended manner or in ahy foreseeable use in
system.

lammability

r better, as specified |

IEC 950.

9

Reference measurement devices

The reference measurement devices shall be used for the measurements of optical parameters for conformance with
International Standard. The critical components of these devices have specific properties defined in this clause.
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9.1 Pick Up Head (PUH)

The optical system for measuring the optical parameters is shown in figure 2. It shall be such that the detected &ght reflect
from the entrance surface of the disk is minimized so as not influencing the accuracy of measurement. The combination of the
polarizing beam splitter C with the quarter-wave plate D separates the incident optical beam and the beam reflected by th
optical disk F. The beam splitter C shall have a p-s intensity/reflectance ratio of at least 100. Optics G generatestian astigma
difference and collimates the light reflected by the recorded layer of the optical disk F for astigmatic focusing and read-out.
The position of the quadrant photo detector H shall be adjusted so that the light spot becomes a circle the centre of whicl
coincides with the centre of the quadrant photo detector H when the objective lens is focused on the recorded layer. Ar
example of such a photo detector H is shown in figure 2. The dimerssardb equal M times 1Qum to 12um, where M is

the transversal magnification factor from the disk to its conjugate plane near the quadrant photo detector H.

[ [ I [ ]
T oo O

Read Channel

"t n|
N

Quadrant photo detector H

[ [ ]
UL,

A B C D E F
A Laser diode F Optical disk
B Collimateriens G Optics for the astigmatic foqusing method
C PolariZing beam splitter H Quadrant photo detector
D Quarter-wave plate la Ipy I I|g  Output from the quadrant phdto detector
E Objective lens J d.c. coupled amplifier

Figure 2 - Optical system for PUH

The characteristics of the PUH shall be as follows.

Wavelength {) 650 nm+ 5 nm

Polarization circularly polarized light

Polarizing beam splitter shall be used unless otherwise stated
Numerical aperture 0,600,01
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Light intensity at the rim of

the pupil of the objective lens 60 % to 70 % of the maximum intensity level in radial
direction, and over 90 % of the maximum intensity level in
tangential direction

Wave front aberration 0,03Brms max.
Normalized detector size on a disk 1002 <S/M < 144um?2
where S is the total surface of the photo detector of the PUH
Relative intensity noise (RIN) - 134 dB/Hz max.
10 log[(a.c. light power density /Hz) / d.c. light power
9.2 Measurementconditions
The measu;ling conditions for operational signals shall be as follows.
Scanning velocity at a Channel bit rate
of 26,15625(Mbits/s for Single Layer disks: 3,49 mf3,03 m/s
for Dual Layer disks: 3,84 m#s0,03 m/s
Clamping force 20N05N
Taper cone fangle 40,0° £ 0,5°, see annex E
CLV servo gharacteristic f (-3 dB), closed loop bandwidth : 5 Hz
Focusing mgthod astigmatic method
Tracking method differential phase.detection
9.3 Normalized servo transfer function

In order to $pecify the servo system for axial and radial tracking, a funcg@ used (equation I). It specifies the nominal
values of th¢ open-loop transfer function H of the Reference Servo(s) in the frequency range 23,1 HZ to 10 kHz.

1 1+%
)
HG0) = 2o o] & 0
3 Uw Tt
3wy,
where
w = 2if
Wo =211f

i= V-1

fois the O dB crossaver frequency of the open loop transfer function. The crossover frequencies of the lead-lag network of
servo are gijen by

lead break ffequency: f1=fox1/3
lag break frequency [o=To%X3
9.4 Reference Servo for axial tracking

For an open loop transfer function H of the Reference Servo for axial tra€ling[] is limited as schematically shown by
the shaded surface of figure 3.
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Gain (dB)
A
86,0

66,0
62,3

44,1
40,6

Bandwidth 10
01 + HOshall

The crossove
expected max
frequencyf g sh

fg=—
072

The axial tracK

Bandwidth 23,
01 + HOshall

40,6 dB at 100
66,0 dB at 23,
86,0 dB at 23,
44,1 dB at 100

Bandwidth 9,6
01 + HOshall

y

100 g
Frequency (Hz)

9.6 23.1
Figure 3 - Reference Servo for axial tracking

Hz to 10 kHz

be within 20 % ofl1+Hg[l

frequendly = wg / 2t shall be specified by equation (I1), whexg,5x shall be 1,5 times
mum axial acceleration of 84m/Bhe tracking error gy shall not exceed 0,28m. Thus
all be

3 amax

1

8% 15x 3
=— | ———= =2,0kHz
2\ 0,23x 10

ing errorgaxis the peak deviation measured axially above or below the 0 level.

T

(in

em ax

1l Hz to 100 Hz

be within the limits defined by the following four points.

Hz (L + HsO- 20% at 100 Hz )
| Hz {1 + HsO- 20% at 23,1 Hz )
| Hz {1 + HsO- 20% at 23,1 Hz add 20 dB)

Hz
Hz t023;1 Hz
be®between 66,0 dB and 86,0 dB.

{1 + HsO+ 20% at 100 Hz )

9.5

Reference Servo for radial tracking

O ISO/IEC

larger than the
the crossover

For an open-loop transfer function H of the Reference Servo for radial trackinb[] is limited as schematically shown by
the shaded surface of figure 4.
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Gain (dB)‘
89,2

69,2
67,1

47,3
43,7

v

9.6 231100 10 000
Frequency (Hz)

96-0298-A

Figure 4 - Reference Servo for Radial Tracking
Bandwidth ffom 100 Hz to 10 kHz
01 + HOsh@ll be within 20 % &fl1 + Hl

The crossoyer frequendgly, = wg / 2 shall be specified by equation (l1l), Wvheng, 5y shall be 1,5 times larger than the
expected mpximum radial acceleration of 1,12nifée tracking error @axshall not exceed 0,032m. THus the crossover
frequencyf g shall be

1 |3a 1 | 11x15x 3

fo=— — = — — 5 - 24kkiz (m
2\ e 2m '\ 0,022x 10

The radial tjacking error is the peak deviation measured radially inwards or outwards the O level.

Bandwidth from 23,1 Hz to 100 Hz
01 + HOshall be within the limits defined by the following four points.

43,7 dB at 100 Hz &1 + HsO- 20% at 100 Hz )
69,2 dB at 43,1 Hz ({1 + HsO- 20% at 23,1 Hz )
89,2 dB at 43,1 Hz {1 + HsO- 20% at 23,1 Hz add 20 dB)
47,3 dB at 100 Hz {1 + HsO+ 20% at 100 Hz )

Bandwidth ffom 9,6 Hzto 23,1 Hz
01 + HOshfall be between 69,2 dB and 89,2 dB.

Section Z - Dimensional, mechanical and physical characterisiics of the disk

10 Dimensional characteristics (figures 5 to 8)

Dimensional characteristics are specified for those parameters deemed mandatory for interchange and compatible use o
disk. Where there is freedom of design, only the functional characteristics of the elements described are indicated. T
enclosed drawings show the dimensional requirements in summarized form. The different parts of the disk are described fr
the centre hole to the outside rim.

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

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


https://iecnorm.com/api/?name=f242203d6dd3683e0bf0d1841acd2700

ISO/IEC 16448:1999 (E)

O ISO/IEC

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

10.1

Overall dimensions

The disk shall have an overall diameter
dq = 120,00 mmn 0,30 mm

The centre hole of a substrate or a dummy substrate shall have a diameter

+ 0,15 mm

do = 15,00 mm

- 0,00 mm

The diameter of the hole of an assembled disk, i.e. with both parts bonded together, shall be 15,00 mm min., see figure 6.

There shall be

The edge of th
extend over a

The thickness

e1=1,20 mm

10.2 Firdg

In the area defined oy and

d3=16,0 mm
the surface of

10.3 Se(
This area shal

dg=22,0mm
In this area the
10.4
This zone sha
ds =33,0 mm

Each side of tk
shall be parall¢

In the Clampin

Clamping Zone

no burr on both edges of the centre hole.

e centre hole shall be rounded off or chamfered. The rounding radius shall be 0,2mm
height of 0,1 mm max.

of the disk, including adhesive layer, spacer(s) and label(s), shall be
+ 0,30 mm
- 0,06 mm

t transition area

min.
he disk is permitted to be above Reference Plane R{and/or below Reference Plane Q by

ond transition area
extend between diametgand diameter
Max.

disk may have an uneven surface-arburrs up to 0,05 mm max. beyond Reference Plan

extend between diamefgand-diameter

min.

| to the bottom side; i.e. that of Reference Plane P within 0,1 mm.

0 Zone the thicknessof the disk shall be

max. The chamfer sha

0,10 mm max.

bs P and/or Q.

e Clamping Zone shall be flat within 0,1 mm. The top side of the Clamping Zone, i.e. that of Reference Plane C

+ 0,20 mm
e =1,20 mm
- 0,40)mm
10.5 Thikdtransition-area

This area shall extend between diametpand diameter

dg = 44,0 mm max.

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

h1 = 0,25 mm max.

or below Reference Plane Q by

hy = 0,10 mm max.

The bottom su

rface is permitted to be above Reference Plane P by

h3 = 0,10 mm max

10
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or below Reference Plane P by

hg = 0,25 mm max.

10.6

Information Zone

16448:1999 (E)

The Information Zone shall extend from the beginning of the Lead-in @odiameterd g the value of which is specified in

table 1.

In the Information Zone the thickness of the disk shall be eqegldpecified in 10.1.

10.6.1

Sub-divisions of the Information Zone

The main parts of the Information Zone are

the Lea

mn-zone.

the Data
the Lead

The area eX
d7=452m
shall be use

it is the &
LayerQi

it is the 4

In the first c

dg=48,0m

which is the

In the secor
the Data Zo

The Data Z(
dg = 116,01

The zone bg
mode and th

The Lead-o

Zone
-out Zone

tending frody to diameter
M max.
d as follows

eginning of the Lead-in Zone for Types A and B, and each pair of\layers for Type C an
n OTP mode,

nd of the Lead-out Zone on Layer 1 for Types C and D in QTR'mode.

hse, the Lead-in Zone shall end at diameter

+ 0,0 mm
w

-0,4 mm
beginning of the Data Zone.

d case the Data Zone shall not extend.toward the centre of the diskdgeY¥twed_ead-out Zg
ne and end between diamedgrandd;.

ne shall start after the Lead-in Zone at diamgtérshall extend up to diameter
hm max.

ptween diametekgandd g censtitutes the Lead-out Zone in the cases Types A and B, and
e Middle Zone in the ‘case of Types C and D in OTP mode.

Table 1 - End of the Information Zone

Length of the Data Zone Value of diametedq g

D in PTP mode and «

ne shall start after

Types C and D in PTF

it Zone in PTP moede and the Middle Zone shall start after the Data Zone and end atqjigrieteralue of
which depemnds on the length-of the Data Zone as shown in table 1.

Less than 68,0 mm 70,0 mm min.

68,0 mm to 115,0 mm Data Zone diameter + 2,0 mm nji

115,0 mm to 116,0 mm 117,0 mm min.

The zone extending froah ; to d;, shall be used for the Burst Cutting Area, if implemented (see annex H).

10.6.2

Track geometry

In the Information Zone tracks are constituted by & 36 of a spiral.

The track pitch shall be 0,{4n + 0,03pm.

The track pitch averaged over the Data Zone shall bep®ni/40,01pm.

11
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10.6.3

Tracks can be recorded in two different modes called Parallel Track Path (PTP) and Opposite Track Path (OTP). Figure &
shows examples of the PTP and OTP modes. In practice, the lengths of the Data Zones of both layers are independent fro
each other.

Track modes

Types A and B shall be recorded in PTP mode only.
Types C and D may be recorded in either modes.

In PTP mode, tracks are read from the inside diameter of the Information Zone to its outside diameter, this applies to bott
Layer 0 and Layer 1 for Types C and D, see figure 5a. On both layers, the track spiral is turning from the inside tcethe outsid

In OTP mode, tracks are read starting on Layer O at the inner diameter of the Information Zone, continuing on Layer 1 from
the outer diameter-to-the-trnrerdiameter is-a-MiddleZene fe eteron yers, see figure 5b. Tt

thaora hath-la
tHere (SAvaa i

Ty
HS;

thao i 1l At tha rdin ax
er-to-the-threrdiameter isa-MhdeleZonreattheouterdiameterof
track spiral is t

The radial mis
In OTP mode,

10.6.4 q
The Informatio

Lirning from the inside to the outside on Layer 0 and in the reverse direction on Layer-1«
blignment of the outer edge of the Information Zones between Layer 0 and Layer A Shall
the radial misalignment between the outer edge of the Data Zones of Layer Otand Layer

hannel bit length
n Zone shall be recorded in CLV mode. The Channel bit length averaged over the Data 2

be 0,5 mm max.

1 shall be 0,5 mm max

rone shall be

133,3 um +
146,7 pm H

10.7 Rinp area

The rim area ghall be that area extending from dianthigrto diameterdy (see figure 8). In this area th
permitted to bg above Reference Plane Q by

1,4 um for Type A and Type B,

1,5 um for Type C and Type D

e top surface is

hg = 0,1 mm mjax.
and the bottom surface is permitted to be below Referenge-Plane P by
hg=0,1 mm m

The total thick
proper shall beg

ax.

ness of this area shall not be greater than 1,50 mm, i.e. the maximum \eglughef thickness of the rim

e3=0,6 mm nin.

The outer edgées of the disk shall be either rounded off with a rounding radius of 0,2 mm max. or be chamfered over

h7 = 0,2 mm njax.
hg=0,2 mm m
10.8 Reinark on telerances

All heights specified inthe preceding clauses and indicatel; laye independent from each other. This means that, for
cation that the
same - generally

ax.

maximum - NUFE

10.9
10.9.1

When measured by the PUH with the Reference Servo for axial tracking, the disk rotating at the scanning velocity, the
deviation of the recorded layer from its nominal position in the direction normal to the Reference Planes shall not exceed 0,3
mm.

Runout
Axial runout

The residual tracking error below 10 kHz, measured using the Reference Servo for axial tracking, shall be lesguthan 0,23
The measuring filter shall be a Butterworth LPE(-8dB): 10 kHz, slope : -80 dB/decade.

10.9.2
The runout of the outer edge of the disk shall be less than 0,3 mm, peak-to-peak.

Radial runout

12
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The radial runout of tracks shall be less than 1190 peak-to-peak.

The residual tracking error below 1,1 kHz, measured using the Reference Servo for radial tracking, shall be less th
0,022um. The measuring filter shall be a Butterworth LPE(-BdB) : 1,1 kHz, slope : -80 dB/decade.

The rms noise value of the residual error signal in the frequency band from 1,1 kHz to 10 kHz, measured with an integrati
time of 20 ms, using the Reference Servo for radial tracking, shall be less thamuf,0I6e measuring filter shall be a
Butterworth BPF, frequency range (-3dB) : 1,1 kHz, slope :+80 dB/decade to 10 kHz, slope : - 80 dB/decade.

10.10 Label

The label shall be placed on the side of the disk opposite the entrance surface for the information to which the laukl is rela
The label shall be placed either on an outer surface of the disk or inside the disk bonding plane. In the former cake, the I
shall not extend_over the (‘Inmping Zane In the latter case_the label may extend aver the (‘Iampi g Zone. In both cases,

label shall npt extend over the rim of the centre hole nor over the outer edge of the disk.

11 Meghanical parameters
11.1 Nlass

The mass o
11.2 N
The momen
11.3 C
The dynami

11.4 S
The sense (

12 Op
12.1 I
The index o
The index o

12.2 T
The thickne

f the disk shall be in the range 13 g to 20 g.

loment of inertia
t of inertia of the disk, relative to its rotation axis, shall not exceed-8040 g

ynamic imbalance
C imbalance of the disk, relative to its rotation axis, shall. nétexceed €010 g

ense of rotation
f rotation of the disk shall be counterclockwise as:seen by the optical system.

ical parameters
hdex of refraction
f refraction IR of the transparent substrate shall be- D3®.

f refraction of the spacer shall be£I& 10).

hickness of the transparent substrate

Figure 9 specifies it for Types Asand B and figure 10 for Types C and D.

12.3 T

hickness of the-spacer of Types C and D

5s of the transparent substrate is specified as a function of its index of refraction.

For Types ¢ and D, the thickness of the spacer shall pen3515um. Annex K shows two ways of measpring this thickness.
On a disk, this thickness shall not vary by more thapr@OWithin one revolution, it shall not vary by more than 8 um.

12.4 Angular deviation

The angulalLdeviation is the angiebetween a parallel incident beam and the reflected heam. The incldent beam shall have

diameter in the range 0,3 mm to 3,0 mm. This angle includes deflection due to the entrance surface and to unparallelism of
recorded layer, see figure A.1. It shall meet the following requirements when measured according to annex A.

In radial direction : a = 0,80 max.

In tangential direction a = 0,3C¢ max.
12.5 Birefringence of the transparent substrate
The birefringence of the transparent substrate shall be 100 nm max. when measured according to annex B.

12.6 Reflectivity
When measured according to annex D, the reflectivity of the recorded layer(s) shall be

13
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Types Aand B :
Types A and B:
TypesCand D :

45 % to 85 % (PUH with PBS)
60 % to 85 % (PUH without PBS)
18% to 30 % (PUH with PBS)

i —» Spiral direction

Layer | ;

N
Layer 0 | N
! —>» Spiral direction L
~ e
s |
— 4
Radius Entrance surface
Figure 5a - Parallel Track Path (PTP)
; Spiral direction €¢— !
Layer 1 | !
ayer J
Layer 0 | | RERA
! — Spiral direction L
/ 7
= T
> 3
Radius Entrance sueface

Figure 5b - Opposite Track Path (OTP)

Layer 0 = The layer closer{o the entrance surface
Layer 1 = The layer farther from the entrance surface

Data Zone : | —
Lead-in Zone ¢ LIS
Middle Zone': P
Lead-out-Zone : B

96-0299-A

Figure 5 - Examples of track paths for Types C and D
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Figure 6 - Hole of the assembled disk

// - 4 N
A ii |
(. 3 }
E%\ :
P
/A PR

\
A
\ 4

\
Y
S
\ 4

I Y
oo
\ 4

dl()

\ 4

Figure 7 - Areas of the disk
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h
\ 4

d

A
h

y

SR

|

¢
7

N

-

_

X

/F N

=]

Figure 8 - Rim area

(1,45;0,643)

(1,65; 0,630)

(1,56; 0,630

)

o

(1,45; 058

(1,65 0,570)

(1,56; 0,570)

[
>

Thickness
(n}pl)

0,64

0,62

0,60 —|

0,58~

Index of

1,50 1,60 1.70 refraction

1,40

Figure 9 - Thickness of the substrate for Types A and B
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Thickness
(mm)
A
(1,45; 0,653)
0,66 — (1,56; 0,640)
(1,65; 0,640)

0,64 — /
062 Layer 1 y
Q
22
<8
0,60 —| o
o
23
0,58 — £32
£y
Layer 0 g §
0,56 — \ g4

(1,45;0,563) AN
(1,56; 0,550) (1,6550,550)
Minimum thickness
of the substrate
T | T >
! l ! Indek of
1,40 1,50 1,60 1,70 refragtion
Figure 10 - Thickness’of the substrate and spacer for Types C and D
Section 3 - Operational Signals

h frequency signals (HF)

The peak-to-peak value of the shortest pit and land length sHhall be

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

These parameters shall meet the following requirements.

|14/|14H = 0,60 min.

|3/|14
|3/|14

0,15 min. for Types A and B

= 0,20 min. for Types C and D

The maximum value ol {4Hmax - 114Hmin) / 114Hmaxshall be as specified by table 2.

currents are modulate

ure 11).

17
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13.2

Table 2 - Maximum value of (14Hmax - !14Hmin ) /! 14HmMax

Within one disk
0,33
0,20

Within one revolution
0,15
0,10

PUH with PBS

PUH without PBS
with circular polarization

Signal asymmetry

The signal asymmetry shall meet the following requirement, see figure 11.

O ISO/IEC

where

- (l14H* 114
- (Ia3y+l3p)
13.3 Crg

The cross-trac]
light beam crg
following requi

wherel is the
134 Qu
13.4.1 J

Jitter is the st
leading and tra

Jitter shall be |

13.4.2 R

A row of an E(
the total numb

13.4.3 O
Defect are air

- for air bubb
— for black sp
— for black sp

-0,05< [(I3aH+ 1140 /2- (31 +130) /2] /134 < 0,15

) / 2 is the centre level df4
2 is the centre level ¢§.

ss-track signal
k signal shall be derived from the HF signal when low-pass filtered with a cut-off frequen
sses the tracks (see figure 12). The low-pass filter is a 1st prder filter. The cross-trag
fements.

IT =1-1L

IT / IH= 0,10 min.
peak value of this signal argdis the peak-to-peak-value.

lity of signals
tter
bndard deviatianof the time variation“of the digitized data passed through the equaliz

Pss than 8,0 % of the Channel\bit clock period, when measured according to annex F.

andom errors

C Block (see clause 48)-that has at least 1 byte in error constitutes a Pl error. In any 8 ¢
br of Pl errors before correction shall not exceed 280.

efects
bubbles and)black spots. Their diameter shall meet the following requirements

les it shallL.not exceed 100 pm,
ots causing birefringence it shall not exceed 200 pm,
ots/not causing birefringence it shall not exceed 300 pm.

iling edges is measured to the PLL clock and normalized by the Channel bit clock period.

cy of 30 kHz when the
k signal shall meet the

er. The jitter of the

onsecutiveEECC Block

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

- the total length of defects larger than 30 um shall not exceed 300 pm,
- there shall be at most 6 such defects.

14

Servo signals

The output currents of the four quadrants of the split photo detector shown in figure 13 are idenitifiég byandl .

14.1 Diff

erential phase tracking error signal

The differential phase tracking error signal shall be derived from the phase difference between diagonal pairs of detectors
elements when the light beam crosses the tracks : Phasel{) - Phaself, + |g) , see figure 13. The differential phase

tracking error signal shall be low-pass filtered with a cut-off frequency of 30 kHz, see annex C. This signal shall meet the
following requirements (see figure 14).

18
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Amplitude

At the positive 0 crossind?t /T shall be in the range 0,5 to 1,1 at O radial offset, whereAt is the average time
difference derived from the phase difference between diagonal pairs of detector elements, and T is the Channel bit cl
period

Asymmetry (figure 14)

The asymmetry shall meet the following requirement.

n-T

<0,2
T+ T,

where
- Tj is the|positive peak value dit/ T

- Tois the|negative peak value ot/ T

14.2 Tlangential push-pull signal

This signal [shall be derived from the instantaneous level of the differential \Olfpttl ) - (I + 1o). If shall meet the
following requirement, see figurel5.

[(|a+|d)_(| b T c)]pp

I14

AANEARAAA
LN
JOQOVKIKXIX

0,9

N

14

\¢ /M Y Y y \

) Level

7-0002

Figure 11 - Modulated amplitude
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0 Level vV V

97-0003-A

Figure 12 - Cross-track signal

Light beam

1,
Y]
\ —» Tangential direction

97-0047-A

Figure 13 - Quadrantphoto detector

(At 0 Level

»  Radial spot displacement
T, Track pitch

97-0005-A

Figure 14 - Differential phase tracking error signal
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15 Ge

The data re
transformed

a Data F
a Scram
an ECC
a Recorg
a Physic

These stepg

16 Dat

A Data Fran
shall start v
Information
last row shg
Main Data b

97-0004-A

Figure 15 - Tangential push-pull signal

Section 4 - Data Format

heral

ceived from the host, called Main Data, is formatted in a pumber of steps before being
successively into

Fame,
bled Frame,
Block,

ing Frame,
bl Sector

are specified in the following clauses;

a Frames (figure 16)

ne shall consist of 2 064 bytes’arranged in an array of 12 rows each containing 172 byte
ith three fields, called Identification Data (ID), ID Error Detection Code (IED), and d
CPR_MAI), followed by 160 Main Data bytes. The next 10 rows shall each contain 172 |
Il contain 168 Main“Data bytes followed by four bytes for recording an Error Detection
ytes are identifiedag)@ Do gg7

recorded on the disk. |

5 (figure 16). The first r
Copyright Management
viain Data bytes, and tt
Code (EDC). The 2 04

21
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A

4 bytes

2 bytes

172 bytes

\4

6 bytes

IED

CPR_MAI'|" Main Data 160 bytes (Dyto Dy5)

Main Data 172 bytes (D4, to D;3,)

Main Data 172 bytes (D55, to Dy;)

12

TOWS

Main Data 172 bytes (D505 to D;g79)

Main Data 168 bytes (D, ggq t0 D,o47) EDC

97-00p0-A

16.1 Identification Data (ID)
This field shall[consist of four bytes the bits of which are numbered consecutivelydr@sibbto 31 (msb), see figure 17.

4 bytes

Figure 16 - Data Frame

b1 2l bp3 ob
Sector Information Sector Number
Figure 17 - Identification Data (ID)
31 Bo bo bs B7and bg Bs b4
Sector Tracking Reflectivity Reserved Zone type Data typs L ayer
Formaf type faethod numbper
Figure 18 - Sector Information of the Identification Data (ID)

The least significant three bytes, biigto by3, shall specify the sector number in binary notation. The sector number of the
first sector of an ECC Block of 16 sectors shall be a multiple of 16.

The bits of the most significant byte, the Sector Information, shall be set as follows.

Bit boy

Bit bog

22

shall be set to

ZERO on Layer 0 of DL disks
ONE on Layer 1 of DL disks
ZERO on SL disks

shall be set to ZERO, indicating read-only data
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Bits bypg and b7 shall be set to
ZERO ZERO in the Data Zone
ZERO ONE in the Lead-in Zone
ONE ZERO in the Lead-out Zone
ONE ONE in the Middle Zone
Bit bog shall be set to ZERO
Bit bog shall be set to
ZERQO if the reflectivity is greater than 40 % with PBS PUH
ONE if the reflectivity is 40 % max. with PBS PUH
Bit b3 Shatt e setto ZERO, ndicating pit trackimng
Bit bgq shall be set to ZERO, indicating the CLV format for read-only-dis
Other setting are prohibited by this International Standard.
16.2 ID Error Detection Code (IED)
When ident|fying all bytes of the array shown in figure 16 fip féri = 0 to 11 and J°= 0 tol71, thq
represented by@j for j = 4 to 5. Their setting is obtained as follows.
5 .
IED(X) = ]_24 Cojx®1 = 19x% mod G(x)
where
3
1(X) =z Co,j x3-]
=0
1
Ge() = M (x+ak)
k=0
a is the prinjitive root of the primitive polynomial (= xB+x4+x3+x2+1

16.3 Copyright Management Information (CPR_MAI)

This field sh
specified byj

16.4 Err

This 4-byte
Considering
with the leas
follows for i

16448:1999 (E)

KS

e bytes of IED are

all consist of 6 bytes. \Fheir setting is application-dependent, for instance a video application. If this setting

the application, the default setting shall be to set all bytes to all ZEROs.

pr Detection €ode (EDC)

field shallcontain an Error Detection Code computed over the preceding 2 060 b
the Data-Frame as a single bit field starting with the most significant bit of the first byte g

tes of the Data Fran
f the ID fieldirzond e
of the EDC is as

where

t significant bit of the EDC field, then this msb will pg B11and the Isb will be & Each bit b
=3110 0 :
0
EDC(X) = Y bjx = 1) mod GK)
i=31
32
1) =Y by
i=16 511

G(x)=x32+x31+x4+1

23
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17 Scrambled Frames

The 2 048 Main Data bytes shall be scrambled by means of the circuit shown in figure 19 which shall consist of a feedback bi
shift register in which bitssr (msb) to g (Isb) represent a scrambling byte at each 8-bit shift. At the beginning of the
scrambling procedure of a Data Frame, positiqnda 1y shall be pre-set to the value(s) specified in table 3. 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 init
pre-set number is equal to the value represented by pifs1$b) to bit a (Isb) of the ID field of the Data Frame. Table 3
specifies the initial pre-set value of the shift register corresponding to the 16 initial pre-set numbers.

Table 3 - Initial values of the shift register

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

»
Ll

?

g [Ty3 [T [Typ | To| TopTg | T7| T | Ts | T4| T3 [ I | T} | Ty

97-0021{A

Figure 19 - Feedback shift register

The part of thq initial value ofrrtolry)is taken out as scrambling bytg. S\fter that, 8-bit shift is repeated 2 047 times and the
following 2 04} bytes shall be\taken fromto ry as scrambling bytes;S0 S, 947 The Main Data bytes |Pof the Data
Frame becomg scrambled.byteg Where

D =Oy'0 S fork=0to2047

O stands for Exclusive OR

18 ECC Blocks

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

Bjjfori=0to 191 andj=0to 171 are bytes from the Scrambled Frames
Bi,j fori=192to 207 and j = 0 to 171 are bytes of the Parity of Outer Code
Bi,j fori=0to 207 and j = 172 to 181 are bytes of the Parity of Inner Code

24
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Pl
< 172 bytes »>|< 10 bytes
Boo By B,170 By.171 Boin B 181
Bio By, Bii7 Bii7i Biin B 1s1
Byo By B, 170 By B2i72 B, 131
192
rows
B
Bisoo Bigo.1 Bisoazo | Bisounn  |Bisoan 18p.181
B190,0 Biogo.1 Bigoo,170 | B190,171 Biog 172 Bigp.181
v B191 0 B191,1 B191,170 B191,171 B191,172 Bl9 181
y
Bl920 B192,1 Bl92,170 B 192,171 B 192,172 Bl9_,181
PO
16 rows
v Bo70 By Bogri70 | Baor171 Byo7.172 Botr.1s1

97-0022-A

Figure 20 - ECE Block
The PO and PI bytes shall be obtained as follows.

In each of qolumns j = 0 to 171, the 16 PO bytes are defined by the remainder polyr]@o)lisd orm the outer code RS
(208,192,17).

207
Rj(x) = z Bi,j x207-1 = 5(x) x16  mod (€Yo &)
i=192

where
191,
Ij(X) = z Bi,j x191-i
i=0
15
Gpax) = I x+ak)
k=0

In each of rows i = 0 to 207, the 10 Pl bytes are defined by the remainder polyng(®)atoRform the inner code
RS (182,172,11).

181
Rj(x) = z Bi,j x181-j = LX) x10  mod (¥
j=172
where

171
i = % Bjjx7

25


https://iecnorm.com/api/?name=f242203d6dd3683e0bf0d1841acd2700

ISO/IEC 16448:1999 (E) 0 ISO/IEC

j=0

9
Gpx) = I (x+ak)
k=0

a is the primitive root of the primitive polynomia &= XB+xd+x3+x2+1

19 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 21). This is achieved by re-locating the bytgjsds the ECC Block as § p, for

m=i+int[i/12] and n=j for£191
m=13(-191)-1 and n=j foril92
whereint[x] regresents the largest integer not greater than x.

Thus the 37 866 bytes of an ECC Block are re-arranged into 16 Recording Frames of(2 366 bytes.|Each Recording Fram
consists of an prray of 13 rows of 182 bytes.
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< 182 bytes >
T Bo,o ..................................................... Bo 171 BO 7 | _____ | B0,181
Recording
13 é = Frame
rows No. 0
l B11 0 | B11,171 Bll,172 """ B]])]g]
Biopo | Bioy 17 By | - Biorisi
T Blog | oo By By, 17 | ..... | B g
Recording
13 é = Frame
rows No. 1
l B230 ..................................................... B23’171 B23,172 """ sz,j]g]
Bloso | e Bos 171 Bigsu7 < | Bigzig
T 1 = Bisoni | Bisoun | oo [ Bisous:
Recording
13 é é Frame
TOWS No. 15
l B191 0 | SN Bl9l 171 BIQ] o B191,181
Horo | ot Byy7 171 Bygim | o B,y7 151
Figure 21 - Recording Frames obtained from an ECC Block
20  Modgulation
The 8-bit bytesofeachRecordingFrame—shattbetransformed-into—16-hit-Code—Words—with—the—un length limitation th:

between 2 ONEs there shall be at least 2 ZEROs and at most 10 ZEROs (RLL 2,10). Annex G specifies the conversion tal
to be applied. The Main Conversion table and the Substitution table specify a 16-bit Code Word for each 8-bit bytes with o
of 4 States. For each 8-bit byte, the tables indicate the corresponding Code Word, as well as the State for the nexb8-bit byt
be encoded.

The 16-bit Code Words shall be NRZI-converted into Channel bits before recording on the disk. (figure 22).
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16 Channel bits

—>

NRZ
conversion

NRZI converted pulses

Exclusive-OR >

97-0024-A

T

<
|

T = 1 channel clock period

Figure 22 - NRZI conversion

21 Phys:ral Sectors
f a Physical Sector is shown in figure 23. It shall consist of 13 rows, each comprising twd Sync Frames. A Sync

The structure
Frame shall cq
bit bytes of a r
Sector, the se(

nsist of a SYNC Code from table 4 and 1 456 Channel bits representing the {first, respeftively the second 91 €
pw of a Recording Frame. The first row of the Recording Frame is represented by the first row of the Physical
ond by the second, and so on .

13
rows

97-0025-A

€ 32— (456 Pt 32 P|e—— M56—P
SYO SY5
SY1 SYS5
SY2 SYS§
SY3 SY5
SY4 SY5
SY1 SY6
SY2 SY6
SY3 SY6
SY4 SY6
SY1 SY7
SY2 SY7
SY3 SY7
SY4 SY7
<4— Sync Frame ——»|€¢———— Sync Frame —p,

Figure 23 - Physical Sector

Recording shall start with the first Sync Frame of the first row, followed by the second Sync Frame of that row, and so on row-

by-row.
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Table 4 - SYNC Codes
State 1 and State 2
Primary SYNC codes Secondary SYNC codes
(msb) (Isb) (msb) (Isb)
SY0 = 0001001001000100 0000000000010001 / 0001001000000100 00000000000100Q1
SY1 = 0000010000000100 0000000000010001 / 0000010001000100 00000000000100Q1
SY2 = 0001000000000100 0000000000010001 / 0001000001000100 00000000000100Q1
SY3 = 0000100000000100 0000000000010001 / 0000100001000100 00000000000100Q1
SY4 = 0010000000000100 0000000000010001 / 0010000001000100 00000000000100Q1
SY5 = 0010001001000100 0000000000010001 / 0010001000000100 00000000000100Q1
SY6 = 00I00I00I0000I00 00000000000I000T 7 00UI00000I0000TI00 00000000P00100Q1
SY7 = 0010010001000100 0000000000010001 / 0010010000000100 0000Q000P00100Q1
State 3 and State 4
Primary SYNC codes SecondarHSYNC codeq
(msb) (Isb) (msb) (Isb)
SY0 = 1001001000000100 0000000000010001 / 1001001001600100 00000000p00100Q1
SY1 = 1000010001000100 0000000000010001 / 1000010000000100 00000000p00100Q1
SY2 = 1001000001000100 0000000000010001 / 1001000000000100 00000000p00100Q1
SY3 = 1000001001000100 0000000000010001 / 1@00001000000100 00000000p00100Q1
SY4 = 1000100001000100 0000000000010001 /, 1000100000000100 00000000P00100Q1
SY5 = 1000100100000100 0000000000010001 ~/< 1000000100000100 00000000p00100Q1
SY6 = 1001000010000100 00000000000100Q@2 "/ 1000000001000100 00000000p00100Q1
SY7 = 1000100010000100 0000000000010001 / 1000000010000100 00000000P00100Q1
22 Suppress control of the d.c. companent

To ensure & reliable radial tracking and a [e€liable detection of the HF signals, the low frequency|content of the stream
Channel bit [patterns should be kept as low.as possible. In order to achieve this, the Digital Sum Valpe (DSV, see 4.4) shal
kept as low ps possible. At the beginning:ef the modulation, the DSV shall be set to 0.

The different ways of diminishing the current value of the DSV are as follows.
a) Choice
b) For the

c) For the
either fr

f SYNC Codes between Primary or Secondary SYNC Codes

-bit bytes in the range 0 to 87, the Substitution table offers an alternative 16-bit Code Wagrd for all States

-bit bytesqn-the range 88 to 255, when the prescribed State is 1 or 4, then the 16-bit Code Word can be chc

m State 1 or from State 4, so as to ensure that the RLL requirement is met.

In order to Use, these possibilities, two data streams, Stream 1 and Stream 2, are generated for eact] Sync Frame. Stream
start with thp\Ptimary SYNC Code and Stream 2 with the Secondary SYNC Code of the same catggory of SYNC Codes.
both streams are modulated individually, they generate a different DSV because of the difference between the bit pattern:
the Primary and Secondary SYNC Codes.

In the cases b) and c), there are two possibilities to represent a 8-bit byte. The DSV of each stream is computed tfp to the
byte preceding the 8-bit byte for which there is this choice. The stream with the [D8&4&fis selected and duplicated to the
other stream. Then, one of the representations of the next 8-bit byte is entered into Stream 1 and the other into Sgream 2.
operation is repeated each time case b) or c) occurs.

Whilst case b) always occurs at the same pattern position in both streams, case ¢) may occur in one of the streams and r
the other because, for instance, the next State prescribed by the previous 8-bit byte can be 2 or 3 instead of 1 cage In that
the following 3-step procedure shall be applied.

1) Compare théDSV[$ of both streams.
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2) If the MDSVOof the stream in which case c) occurs is smaller than that of the other stream, then the stream in which case c)

has occurred is chosen and duplicated to the other stream. One of the representations of the next
this stream and the other into the other stream.

8-bit byte is entered in

3) If theDSVUof the stream in which case c¢) has occurred is larger than that of the other stream, then case c) is ignored ant

the 8-bit byte is represented according to the prescribed State.

In both cases b) and c), if tABSV($ are equal, the decision to choose Stream 1 or Stream 2 is implementation-defined.

The procedure for case a) shall be as follows. At the end of a Sync Frame, whether or not case b) and or case c) have occurre
the DSV of the whole Sync Frame is computed and the stream with the[&¥lis selected. If this DSV is greater than +
63 or smaller than -64, then the SYNC Code at the beginning of the Sync Frame is changed from Primary to Secondary or vic
versa. If this yields a smallebSV[] the change is permanent, if tiRSVis not smaller, the original SYNC Code is retained.

During the DS)V computation, the actual values of the DSV may vary between -1000 and +1000, thus
the count rangg for the DSV be at least from -1 024 to +1 023.

Section 5 - Format of the Information Zone(s)

23 General description of an Information Zone

The Information Zone shall be divided in three parts : the Lead-in Zone, the Data Zoene and the Lead-oy
in DL disks in [PTP mode there is one Information Zone per layer. In DL disks<in*OTP mode, there is
Zone extending over two layers. In DL disks in OTP mode, the Information Zone has a Middle Zone in

read-out bean] to move from Layer O to Layer 1 (see figure 5b). The Data'Zone is intended for the rg
The Lead-in Zgne contains control information. The Lead-out Zone allowsfor a continuous smooth reaq

24 Layouit of the Information Zone

The Informatign Zone of SL disks and of DL disks in PTP made shall be sub-divided as shown in tay
radii indicated jare the nominal values of the first track of the, first Physical Sector and that of the last tr
Sector of a zone.

it is recommended tha

t Zone. In SL disks anc
only one Information
bach layer to allow the
bcording of Main Data.
-out.

le 5. The value of the
hck oftiisidast P

Table 5 - Layout-of the Information Zone
Nominal.fadius Sector Number Nuinber of
in/mm of the first Physical
Physical Sector Sectors
Lead-in Zone 22,6 max. to 24,0
Initial Zone
Reference Codle Zong (02F000) 32
Buffer Zone 1 (02F020) 480
Control Data Zone (02F200) 3072
Buffer Zone 2 (O2FEO00) 512
Data Zone 22010 (030000)
Lead-out Zone rq to 35,0 min. | rq to (1+1,0) rq to 58,5
when when when
ri< 34,0 34,011 <57,5| 57,5< 1 <58,0

25 Physical Sector numbering

The first Physical Sector of the Data Zone has the Sector Number (030000), it shall be recorded at th
Zone ( seelg in 10.6).

e beginning of the Dat:

On SL disks, the Sector Number of the Physical Sectors increases by 1 for each Physical Sector (figure 24).
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On DL disks in PTP mode, the Sector Number of the Physical Sectors increases by 1 for each Physical Sector. The Phys
Sectors are numbered in the same way on Layer 0 and on Layer 1 (figure 25).

On DL disks in OTP mode, the Sector Number of the Physical Sectors increases by 1 for each Physical Sector from (0300
to the highest Sector Number on Layer 0. The first Sector Number on Layer 1 shall be derived from this highest Sec
Number by inverting its bits, viz. changing from ZERO to ONE and vice versa. Further Sector Numbers on Layer 1 increa
by 1 for each Physical Sector (figure 26). The Physical Sector chosen to be that with the highest Sector Number in the D
Zone on Layer 0 shall be such that the inverted value of its Sector Number is a multiple of 16.

Type A

< Information Zone >
Physical | | =
sector -1 Data Zone -
number Lead-in Zone Lead-outZone [

T ‘/’/ Address
—» [Radi
(02FFFF) (030000) adius

97-0026-A

Figure 24 - Physical Sector numbering on Type A

For Type B,|the same structure applies on each side of the disk.

Type C
Parallel trgck path

Lead-in Zone Data Zone Lead-out Zone
. R Layer 1
Physical SR Layer 0
sector .
Lead-in Zone Data Zone Lead-out Zone I
number
T L ] I Address of both layers

(02FFFF) (030000)

97-0027-A

Figure 25 - Physical Sector numbering on Type C in PTP mode
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Type C

Opposite track path

Address on Layer 1

—

Physical
sector X NP —
number Lead-out Zone Data Zone X Middle Zone
N Layer 1
XXX XX Layer 0
T Lead-in Zone Data Zone Xﬁw
% I Address on Layer 0

(02FFFF) (030000)

Figure 26 - Physical Sector numbering on Type C in OTP.mode

For Type D, the same structures apply on each side of the disk.

26 Lead{in Zone

The Lead-in Zpne is the innermost zone of the Information Zone. It shall ‘eonsist of the following parts (figure 27). The Sector
Number of thelfirst Physical Sector of each part is indicated in figure” 27 in hexadecimal and in decimal hotation.

- Initial Zone,

- ReferenceCode Zone,
- Buffer Zaone 1,

- Control Data Zone,

- Buffér Zone 2.
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Initial Zone
In all Physical Sectors
the Main Data is set to (00)
Sector N0.192 51 Sector No.(02EFFF)
Sector N0.192 511 Sector Nex(02FP00
Reference Code Zone
32 Physical Sectors
Sector No. 192 544 Buffer Zone 1 C Sector No.(02F020)
480 Physical Sectors \Q/
with the Main Data set to (00) \
Sector N0.193 024 Control Data Zone \% Sector No.(02FR00)
3072 Physical SQO%
Sector N0.196 09 Buffer Zone 2 Sector No.(02FE00)
512 Phy@ Sectors
with the Main Data set to (00)
Sector N0.196 608 Sector No.(030p00)
Data Zone
Rigure 27 - Lead-in Zone
26.1 Initial Zone
The Main Data of the Data Frames_eventually recorded as Physical Sectors in the Initial Zone shall have been set to (00).

Internationa

first Physic

26.2

Re

rence Code“Zone

Standard does net'specify the number of Physical Sectors in the Initial Zone. However,|the Sector Number of
| Sector of the Data Zone is large enough so as to prevent a Sector Number 0 to occur ir} the Initial Zone.

The Refererpce Code _Zone shall consist of the 32 Physical Sectors from two ECC Blocks which gengrate a specific Channe
pattern on the disk. This shall be achieved by setting to (AC) all 2 048 Main Data bytes of each cqrresponding Data Frar
scrambling shall be applied to these Data Frames, except to the first 160 Main Data byjtes of the first Data Frz

Moreover,

of each ECC_BIlack (see also annex])

26.3 Buffer Zone 1
This zone shall consist of 480 Physical Sectors from 30 ECC Blocks. The Main Data of the Data Frames eventually recorc
as Physical Sectors in this zone shall have been set to (00).
26.4 Buffer Zone 2
This zone shall consist of 512 Physical Sectors from 32 ECC Blocks. The Main Data of the Data Frames eventually recorc
as Physical Sectors in this zone shall have been set to (00).
26.5 Control Data Zone

This zone shall consist of 3 072 Physical Sectors from 192 ECC Blocks. The content of the 16 Physical Sectors of each E
Block is repeated 192 times. The structure of a Control Data Block shall be as shown in figure 28.
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Physical format information
2 048 bytes
Disk manufacturing information
2 048 bytes

Content provider information

1.4

26.5.1 Physig
This informatid

Byte 0 - Disk G
Bits by to by sh
They shall be s
Bits by to by sh

These bits sha

al format information

D OA0 loy i
15 < U0 UyLlCo

Figure 28 - Structure of a Control Data Block

n shall comprise the 2 048 bytes shown in table 6 and described below.

Table 6 - Physical format information

Byte number Content Number
of bytes
0 Disk Category and Version/Number 1
1 Disk size and maximum transfer rate 1
2 Disk strueture 1
3 Recordingsdensity 1
4t0 15 Data Zone allocation 12
16 BCA descriptor 1
17t0 31 Reserved 15
321t0 2047 Reserved 2016

ategory and Version

Number

all specify the Version Number

bet to 0001, indicating this International Standard

all specify the Disk Category

Il be(set to 0000, indicating a read-only disk.

Other settings

are'prohibited by this International Standard.

Byte 1 - Disk size and maximum transfer rate

Bits by to by shall specify the maximum transfer rate.

if set to 0000, they specify a maximum transfer rate of 2,52 Mbits/s

if set to 0001, they specify a maximum transfer rate of 5,04 Mbits/s

if set to 0010, they specify a maximum transfer rate of 10,08 Mbits/s

Bits by to by shall specify the disk size

They shall be set to 0000, indicating a 120 mm disk

Other settings are prohibited by this International Standard.
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Byte 2 - Disk structure

Bits by to b

shall specify the type of the recorded layer(s)

They shall be set to 0001, indicating a read-only layer(s)

Bit by shall specify the track path

if set to ZERO, it specifies PTP on DL disks or a SL disk
if set to ONE, it specifies OTP on DL disks

Bits bg and I shall specify the disk Type

if set to 00, they specify Type A or Type B

16448:1999 (E)

if setto 01,

hey specify Type C or Type D

Bit b7 shall lpe set to ZERO.

Other settin

Byte 3 - Red
Bits by to b
Bits by to by
if set to 000
if set to 000
Other settin

Bytes4to 1
Byte 4 shall
Bytes 510 7
Byte 8 shall
Bytes 9 to 1

js are prohibited by this International Standard.

ording density

shall specify the average track pitch, they shall be set to 0000, indicating an average tra
shall specify the average Channel bit length

D, they specify 0,13®n

|, they specify 0,14im

Js are prohibited by this International Standard.

b - Data Zone allocation

be set to (00).

shall be set to (030000) to specify the-Sector Number 196 608 of the first Physical Sectd
be set to (00).

1 shall specify the Sector Number of the last Physical Sector of the Data Zone

Byte 12 sh

| be set to (00)

Byte 13 to 1|5 shall be set to (00) en SL disks and DL disks in PTP mode, and to the Sector Number
of Layer 0 on DL disks in OTP/made.

Byte 16 - BCA descriptor.

This byte sHall specify~iwhether or not there is a Burst Cutting Area on the disk.
bits Iy to bg phall-be’set to ZERO
bit by, the BCASlag, shall specify whether or not a BCA exists

tk pitghnof 0,74

r of the Data Zone

of the last Physical Se

if set to ZERO, it shall indicate that a BCA does not exist

if set to ONE, it shall indicate that a BCA exists on a Type A or a Type C disk
On Type B and Type D disks, hishall be set to ZERO.

Bytes 17 to 31
These bytes shall be set to (00).

Bytes 32 to

2 047

These bytes shall be set to (00).

35


https://iecnorm.com/api/?name=f242203d6dd3683e0bf0d1841acd2700

ISO/IEC 16448:1999 (E)

26.5.2 Disk manufacturing information

O ISO/IEC

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

interchange.

26.5.3 Content provider information

The format and the content of these 28 672 bytes require agreement between the interchange parties, else these bytes shall
set to all ZEROs.

27 Middle Zone
The Main Data of the Data Frames eventually recorded as Physical Sectors in the Middle Zone shall have been set to (00

This International Standard does not specify the number of Physical Sectors in the Middle Zone.

28 Lead-

The Main Data of the Data Frames eventually recorded as Physical Sectors in the Lead-out Zone shg
This Internatiophal Standard does not specify the number of Physical Sectors in the Lead-out,Zone.

out Zone

36
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Annex A

(normative)

Measurement of the angular deviatioru

The angular deviation is the angieformed by an incident beam perpendicular to the Reference Plane P with the reflected
beam (figure A.1).

Recorded layer

Substrate

\ Entrance/surface

! A

Incident beam
96-0302-A ! /v Reflected beam

Figure A.1X Angular deviation o

For measuring the angular deviationthe disk'shall be clamped between two concentric rings covering most of the Clamping
Zone. The tpp clamping area shall have the same diameters as the bottom clamping area.

+0,5mm
din = 22,3 mm

-0,0 mm

+0,0mm
dopt= 32,7 mm

-0,5mm

The total clamping force shall & = 2,0 N+ 0,5 N. In order to prevent warping of the disk under the moment of force
generated by the clamping force and the chucking fBrcexerted on the rim of the centre hole of the disk,shall not
exceed 0,5 N (figure A.2). This measurement shall be made under the conditions of 8.1.1 a).
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Annex B

(normative)

Measurement of birefringence

B.1  Principle of the measurement

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

97-0008-A

Figure B.1 - Ellipse with ellipticity'e = b/aand orientation 6

The orientatiord of the ellipse is determined by the erientation of the optical axis
6 =|y- T4 (1)

whereY/is thle angle between thé&woptical axis and the radial direction.

The ellipticity e = b/ais a function of the phase retardati®n

(1
e=tan E%—é% (I

When the phase retardatidiis known the birefringencBR can be expressed as a fraction of the wavelength

A
BR= 5_[5 nm D)

Thus, by observing the elliptically polarized light reflected from the disk, the birefringence can be measured and tf
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 of the laser light
Beam diameter (FWHM)

640 nm 15 nm

1,0 mm0,2 mm

Angle B of incidence in radial direction
relative to the radial plane perpendicular

to Reference Plane P

7802

ac cnactf
TS

O ISO/IEC

Clamping and
Disk mounting

Rotation

Temperature gnd relative humidity

B.3 Exa

Whilst this In
schematically

Light from a &
of the reflected
the maximum

huclkina canditinnc iod by annay A
hoeking-conditions speetied-by-ammexi
horizontally

less than 1 Hz

as specified in 8.1.1)

n]EIe of a measuring set-up

rnational Standard does not prescribe a specific device for measuring birefringen
n figure B.2 as an example, is well suited for this measurement.

!
,% «=—— Photo detector

Disk ——+F—»I

=

97-0007-A

Figure B2 - Example of a device for the measurement of birefringence

ser sources.collimated into a polarizer ( extinction rafio> ), is made circular by /4 plate.
light is\analyzed by a rotating analyzer and a photo detector. For every location on the
alues of the intensity are measured. The ellipticity can then be calculated as

ce, the device shown

The ellipticity
disk, the minimum ano

& =Imin/ Imax

Combining equations Il, lll and IV yields

max

min

BR=A/4-A/mx arctan

This device can be easily calibrated as follows

— Imin is set to 0 by measuring a polarizer o & platg

Imin = !maxWhen measuring a mirror
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Apart of the d.c. contribution of the front surface reflection, a.c. components may occur, due to the interference of tt
reflection(s) of the front surface with the reflection(s) from the recorded layer. These a.c. reflectance effects aretsignifice
only if the disk substrate has an extremely accurate flathess and if the light source has a high coherence.
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C.1 Meas

Annex C

(normative)

Measurement of the differential phase tracking error

uring method for the differential phase tracking error

O ISO/IEC

The reference circuit for the measurement of the tracking error shall be that shown in figure C.1. Each output of the diagona

pairs of eleme

nts of the quadrant photo detector shall be digitized independently after equalization of

the wave form defined

by

The gain of th
Phases of the
C1 and atime
sign of Atj. A tr
by means of a
30 kHz.

Special attenti
indeed 1 % of

The average ti

where N is the

C.2

The relative tir
the C1 and C2

error amplitudg

Meas

svE= 24

where

Vpc is the amg

>T

H(s) = (1 + 1,6 107 i) / (1 + 4,7x 108 i)

b comparators shall be sufficient to reach full saturation on the outputs, evenWwith mini
digitized pulse signal edges (signals B1 and B2) shall be compared to each<other to
lag signal C2. The phase comparator shall react to each individual edge with signal C1
hcking error signal shall be produced by smoothing the C1, C2 signals with low-pass filte
unity gain differential amplifier. The low-pass filters shall be 1st ordef filters with a cut-off

bn shall be given to the implementation of the circuit because.very small time difference
T equals only 0,38 ns. Careful averaging is needed.

me difference between two signals from the diagonal¢pairs of elements of the quadrant d
At= 1N Y AL

number of edges both rising and falling.

Lrement ofAt/T without time intefyal analyzer

he differencat /T is represented hy,the amplitude of the tracking error signal provided tH
signals and the frequency ceamponent of the read-out signals are normalized. The relat

ATVE and the time difference is given by

\s At At Vpc
—Vpc=LVpc:—x—p
) NnF T

litddeof the C1 and C2 signals

um signal amplitudes.

pnrroduce a time-lead sigr

br C2, depending on th
rs and by substracting

frequeBaBYf (-
s have to be measurec

etector shall be

at the amplitudes of
on between the trackir

Tj is the actua

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

nT is the weighted average value of the actual lengths

N nT is the total averaging time

Assuming that Vpc equals 5 V and that the measured valuenoéquals= 5, then the above relation between the tracking

error amplitudeATVE and the time differencat can be simplified to

ATVE =At /T

The specification for the tracking gain can now be rewritten by using the tracking error amplitude as follows

0,5 (Vpc/n)s ATVE<1,1 (vpc/n)

at 0,1um radial offset.
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C.3 Calibration of At/T

As the gain of the phase comparator tends to vary, special attention shall be given to the calibration of the gain of the ph
comparator. The following check and calibration method shall be applied for the measurement of the DPD tracking err

signal.
a) Checking the measurement circuit

a.l) Measure the relation between the amplitude of the first comparator input ( 3T) and the amplitude of the tracking ert
signal

a.2) Check the current gain of the amplifier, using the saturation area (see figure C.2).
b) Determination of the calibration factor K

b.1) Gen’terate two sinusoidal signals Al and A2 of frequency 2,616 MHz (corresponding to 5T)-with phase difference, al
feed them into two equalizer circuits.

b.2) Measure the relation betwed /T and ATVE/ Vpc.
(ATVE /Vpe) K = (At/T) /n

K =|(0,2 At /T) / (ATVE /Vpc)
forn=5
The relation|betweed\t /T and ATVE /Vpc is linear ( see figure C.3)
c) Comparg the measurédt /T with the calculated one

c.1) Mealsure/At /T using the method of C.1.
c.2) CaldulateAt [T(real) as follows

At /T (real) = Kx At T (measured)
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A Signal Al Equalizer Level Signal B1
I m H(S) Comparator
1, / \Ib_
AN
| Am Signal A2 Equalizer Level Signal B2
> H(S) Comparator
Signal C1 Low-pass
Filter
Phase Differential Signal TVE
Comparator Atnp. (1X)
i ATVE
Signal C2 Low-pass
Filter /\ /\ v
\ /[ \ \
\ 4
\/ 0,] Hm

tracking error

At; = negative

At; = posifive

Signal A1—]

Signal A2 A

Signal B1 _]

Signal B2 —p L

e WML T

97-0010-A

Figure C.1 - Circuit for tracking error measurements

44


https://iecnorm.com/api/?name=f242203d6dd3683e0bf0d1841acd2700

O ISO/IEC

()
<
=
e
38
q_)t
= ©
B on
= g
= .8
=3
o]
< E

97-0011-A

ISO/IEC 16448:1999 (E)

saturation area

Comparator input signal amplitude

. o0 o " H e 1 TH | " L . Il T |
FIUUIC C.o = CUNMPAratur miput sigridl altipinuuc vo U dLRITTY TITUT Stiyridal arfigituuc

1,0

0,8

0,6

0,4

ATVE/Npc

0,2

97-0012-A

theoretical line

N

HED

AUT

Figure C.3 - At /T vs ATVE / Vpc
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Annex D

(normative)

Measurement of light reflectance

D.1 Calibration method

A good reference disk shall be chosen, for instance 0,6 mm glass disk with a golden reflective mirror. This referende disk shal
be measured by a parallel beam as shown in figure D.1

&
~

I

97-0013-A

Figure D.1 - Reflectance calibration

In this figure the following applies.

| = incident beam

r = reflegtance of the entrance surface

Rs = mair reflectance of therecorded layer

Rint = othef reflectances of the entrance surface and of the recorded layer
Ry = meapured valug;-using the arrangement of figure D.1

Ry =r+ Ry+ Rpf

r=((n-1)/ (h+1) )* wheren is the refraction index of the substrate
Rs=Ry/ -1 -Rint

Rg=[ (1-r2x (Ry-n]/ [ 1-rx (2 - Ry)]

The reference disk shall be measured on a reference drivg gy measured by the focused beam is equatedstasR
determined above.

Now the arrangement is calibrated and the focused reflectivity is a linear function of the reflectivity of the recorded layer,
independently from the reflectivity of the entrance surface.
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D.2 Measuring method
The measuring method comprises the following steps.

a) Measure the reflective light powag from the reference disk with calibrated reflectivity R
b) Measurdq4in the Information Zone of the disk (see 13.2).
c) Calculate the reflectivity as follows

| 14
Ry = R X D

S

ISO/IEC 16448:1999 (E)
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Annex E

(normative)

Tapered cone for disk clamping

O ISO/IEC

The device used for centring the disk for measurement shall be a cone with a tapra4g)@+ 0,5° (see figure E.1).
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Annex F

(normative)

Measurement of jitter

Jitter shall be measured under the conditions of 9.1 with the additional conditions specified in this annex.

+ (H £ HI 4
Fl Sy“ LI Uiayrartt 101 Jittct 1icdsuUrcITicT it

The general system diagram for jitter measurement shall be as shown in figure F.1.

HF-signal

a.c. coupling EQ LPF

Quadrant
phdto
det¢ctor

Phase detector
filter
VCO

Slicer PLL
All data Clock
edges signal
Jitter analyser Start/stop
(e.g. a Time Interval analyser) signal from the
revolution pulse

97-0015-A

Figure F.1 - General diagram for jitter measurement

49


https://iecnorm.com/api/?name=f242203d6dd3683e0bf0d1841acd2700

ISO/IEC 16448:

F.2 Openl

1999 (E)

oop transfer function for PLL

The open-loop transfer function for the PLL shown in figure F.1 shall be as shown in figure F.2

Gain (dB)
A

-40 dB/decade

F.3 Slicer
The slicer shal

-20 dB/decade

»

0dB » Frequency (Hz)

6000 9000

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

be a feed-back auto-slicer with a -3 dB clesed-loop bandwidth of Stkdrdedintegrating

F.4 Condjtions for measurement

The bandwidth of the pre-amplifier of the phéto detector shall be greater than 20 MHz in order tqg

distortion.
Low-pass filten]
Example of an
H(z2) =1,3572:(

: 6th order Bessel filtefi; (~3'dB) = 8,2 MHz
analogue equalizer«-3*tap transversal filter with transfer function
93. 0,175 (1 #4136

Filtering and efjualization:

— Gain variation: 'L_dB max. (below 7 MHz)
— Group delay*variation : 3 ns max. (below 6,5 MHz)

- (Gain at 5,0 MHz - Gain at 0 Hz) = 3,2 d¢B),3 dB
a.c. coupling (high-pass filter) = 1st ordgg,(-3 dB) = 1 kHz

Correction of the angular deviation : only d.c. deviation.
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Frequency (MHz)

96-0304-A

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

F.5 Megsurement
The jitter of gll leading and trailing edges over one rotation’shall be measured.

Under this measurement, the jitter shall be less than 8,0, % of the Channel bit clock period.
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Annex G

(normative)

8-t0-16 Modulation with RLL (2,10) requirements

Tables G.1 and G.2 list the 16-bit Code Words into which the 8-bit coded Data bytes have to be transformed. Figure G.1
shows schematically how the Code Words and the associated State specification are generated.

8-bit Byte B(?) 16-bit Code Word X(7)

»

Conversion table
State S(?) Next State S(¢#+1)

\4

A

Memory

97-0029-A

Figure G.1 - Code ' Words generation
In this figure :
X(t) = H {B(1), Bt)} X (t) = msband Xt) = Isb
St+1) =G{B®SO}

H is the outpuf function

G is the next-gtate function

The Code Words leaving the States shall be chosen so that the concatenation of Code Words entering|a State and those leav
that State satigfy the requirement that between two ONESs there shall be at least 2 and at most 10 ZEROs.

As additional requirements:

— Code Words leaving State 2 shall have both bit x15 and bit x3 set to ZERO, and
- in Code Wqrds leaving State 3 bif=or bit x3 or both shall be set to ONE.

This means that the Code Word sets of States 2 and 3 are disjoint
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Code Word X(t)

Next State S(+1)

Code Word X¢+1)

Ends with 1 or no trailing ZERO

State 1

Starts with 2 or up to 9 leading ZE

ROs

Ends with 2 or up to 5 trailing ZEROs

State 2

Starts with 1 or up to 5 leading ZEROs, and

Xqg(t+1),Xa(t+1) = 0,0

Ends with 2 or up to 5 trailing ZEROs

State 3

Starts with none or up to 5 lead
Xq5(t+1),X3(t+1) # 0,0

ing ZEROs, ahd

Ends with 6 or up to 9 trailing ZEROs

State 4

Starts with 1 or no leading ZERO

Figure G 2 - Determination of States

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

main Data.

Because off the involved error propagation, such state-dependent decéding is to be avoided. I
modulation,|the conversion tables have been chosen in such a way that knowledge about the St
cases. As can be gathered from the tables, in some cases, two 8-hit bytes, for instance the 8-bit byt
in table G.1, generate the same 16-bit Code Words. The construction of the tables allows to solve

B = H1 {X(1), S®)}

to reconstitute the orig

the case of this 8-c

hte is not required in r
bs 5 and 6 in States 1

this apparent ambigtL

Indeed, if two identical Code Words leave a State, one of them«goes to State 2 and the other to State 3. Because the setti

bits X1 5 and Xg is always different in these two States, any Code Word can be uniquely decoded by

itself together with bits X5 and X5 of the next Code Word :

In the tableg, the 8-bit bytes are identified-hy their decimal value.

B(t) = H 4 X(1), X15(t+1), X3(t+1) }

analysing the Code Wc
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Table G.1 - Main Conversion Table

O ISO/IEC

8-hit State 1 State 2 State 3 State 4
byte Code Word | Next Code Word | Next Code Word | Next Code Word | Next
msb Isbstatd msb Islbstatg msb Ish Statd msb Ish State
0 0010000000001001 1 | 0100000100100000 2 | 0010000000001001 1 | 0100000100100000 2
1 001000000001001¢ 1 | 001000000001001(0 1 | 1000000100100000 3 | 1000000100100000 3
2 0010000100100000 2 | 0010000100100000 2 | 100000000001001(¢ 1 | 100000000001001( 1
3 0010000001001000 2 | 0100010010000000 4 | 0010000001001000 2 | 0100010010000000 4
4 0010000010010000 2 | 0010000010010000 2 | 1000000100100000 2 | 1000000100100000 2
5 001000000010010( 2 | 0010000000100100 2 | 1001001000000000 4 | 1001001000000000 4
6 001000000010010¢ 3 | 0010000000100100 3 | 1000100100000000 4 | 100010@200(00000 4
7 001000000100100¢0 3 | 010000000001001(0 1 | 0010000001001000 3 | 0100000000010010 1
8 0010000010010000 3 | 0010000010010000 3 | 1000010010000000 4 | 1000010010000000 4
9 0010000100100000 3 | 0010000100100000 3 | 100100100000000]1 1 |#100100100000000] 1
10| | 0010010010000000 4 | 0010010010000000 4 | 1000100100000001 1 ¢]y1000100100000001 1
11| | 0010001001000000 4 | 0010001001000000 4 | 1000000010010000- 3| 1000000010 10001 3
12| | 0010010010000001 1 | 0010010010000001 1 | 1000000010010000-2 | 1000000010(10000 2
13| | 001000100100000]1 1 | 0010001001000001 1 | 1000010010000007 1 | 1000010010000001 1
14| | 0010000001001001 1 | 0100000000100100 3 | 0010000001601001 1 | 0100000000100100 3
15| | 0010000100100001 1 | 0010000100100001 1 | 1000004001000001 1 | 1000001001(00001 1
16| | 0010000010010001 1 | 0010000010010001 1 | 100000010010000]1 1 | 1000000100100001 1
17| | 0010000000100010 1 0010000000100011 1 | 1000001001000000 4 | 1000001001(00000 4
18| | 0001000000001001 1 | 0100000010010000 2 [ ©BO1000000001001 1 | 0100000010(10000 2
19| | 0010000000010001 1 | 001000000001000] 1 100100010000000$ 4 | 1001000100000000 4
20 000100000001001$ 1 000100000001001$ 1| 1000100010000000 4 | 1000100010(00000 4
21| | 0000100000000010 1 | 000010000000001@ 1 | 1000000010010001 1 | 1000000010(01000] 1
22| | 0000010000000001 1 | 0000010000000001 1 | 1000000001001001 1 | 1000000001(00100] 1
23| | 0010001000100000 2 | 0010001000400000 2 | 1000000001001000 2 | 1000000001(001000 2
24| | 0010000100010000 2 | 0010000160010000 2 | 1000000001001000 3 | 1000000001(01000 3
25| | 0010000010001000 2 | 0100000000100100 2 | 0010000010001000 2 | 0100000000100100 2
26| | 0010000001000100 2 | 0010000001000100 2 | 100000000010001(¢ 1 | 100000000010001( 1
27| | 0001000100100000 2 [<0001000100100000 2 | 1000000000010001 1 | 100000000001000] 1
28| | 001000000000100¢ 2.]’0100000010010000 3 | 0010000000001000 2 0100000010%1000 3
29| | 0001000010010000;, 2+ | 0001000010010000 2 | 100100100000001¢ 1 | 100100100000001( 1
30| | 0001000001001060¢™ 2 | 0100000100100000 3 | 0001000001001000 2 | 0100000100100000 3
31| | 0001000000100100 2 | 0001000000100100 2 | 100100010000000]1 1 | 100100010000000] 1
32| | 0001000000000100 2 | 0001000000000100 2 | 100010010000001( 1 1000100100%0001 1
33| | 0001000000000100 3 | 0001000000000100 3 | 1000100010000001 1 | 1000100010(00000] 1
34| | 0001000000100100 3 | 0001000000100100 3 | 100000000010010¢ 2 | 1000000000100100 2
35| | 0001000001001000 3 | 0100001001000000 4 | 0001000001001000 3 | 0100001001(000000 4
36| }/0001000010010000 3 | 0001000010010000 3 | 1000000000100100 3 | 1000000000100100 3
37_~000100010010000 4 1 1000010001000000 4
38 | 0010000000001000 3 | 0100100100000001 1 | 0010000000001000 3 | 0100100100000001 1
39 | 0010000001000100 3 | 0010000001000100 3 | 1001000010000000 4 | 1001000010000000 4
40 | 0010000010001000 3 | 010001001000000]1 1 | 0010000010001000 3 | 0100010010000001 1
41 | 0010000100010000 3 | 0010000100010000 3 | 100001001000001() 1 1000010010000011 1
42 | 0010001000100000 3 | 0010001000100000 3 | 1000001000100000 2 | 1000001000100000 2
43 | 0010010001000000 4 | 0010010001000000 4 | 100001000100000]1 1 | 100001000100000] 1
44 | 0001001001000000 4 | 0001001001000000 4 | 1000001000100000 3 | 1000001000100000 3
45 | 0000001000000001 1 | 0100010001000000 4 | 100000100100001() 1 010001000100000$ 4



https://iecnorm.com/api/?name=f242203d6dd3683e0bf0d1841acd2700

O ISO/IEC

Table G.1 - Main Conversion Table (continued)
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8-bit State 1 State 2 State 3 State 4
byte Code Word | Next Code Word | Next Code Word | Next Code Word | Next
msb Ishstatd msb Isbstates msb Isbstatd msb Ish State
46 | 001001001000001) 1 | 001001001000001) 1 | 1000001000100001 1 | 1000001000100001 1
47 | 001000001000100]1 1 | 0100001001000001 1 | 0010000010001001 1 | 0100001001000001 1
48 | 001001000100000]1 1 | 0010010001000001 1 | 100000010001000( 2 | 100000010001000Q 2
49 | 001000100100001) 1 | 001000100100001) 1 | 100000001000100Q 2 | 100000001000100Q 2
50 | 001000100010000]1 1 | 0010001000100001 1 | 100000010001000Q 3 | 100000010001000( 3
F1 | 000100000100100] 1 | 010000010010000] 1 | 000100000100100] 1 | 01000001p0100001 1
52 | 0010000100100010 1 | 001000010010001¢ 1 | 100000010010001¢ 1 | 10000001p0100010 1
53 | 0010000100010001 1 | 001000010001000]1 1 | 100000010001000]1 1 | 10000001p0010001 1
54 | 001000001001001¢0 1 | 001000001001001¢ 1 | 100000001001001¢ 1 |cL0000000[L0010010 1
55 | 0010000001000010 1 | 001000000100001¢ 1 | 10000000100010071 s |*10000000[0001001 1
56 | 0010000000100001 1 | 001000000010000]1 1 | 100000000100001( (@) | 10000000p1000010 1
57 | 0000100000001001 1 | 010000001001000]1 1 | 00001000000010071 *1 | 01000000[0010001 1
58 | 0001001001000001 1 | 000100100100000]1 1 | 1000000000100001 1 | 10000000p0100001 1
59 | 0001000100100001 1 | 000100010010000]1 1 | 0100000001001001 1 | 01000000p1001001 1
50 | 0001000010010001 1 | 000100001001000]1 1 | 100100400001001¢ 1 | 10010010p0010010 1
51 | 0001000000100010 1 | 000100000010001¢ 1 | 100100100000100]1 1 | 10010010p0001001 1
52 | 0001000000010001 1 | 000100000001000]1 1 | 100I00010000001¢ 1 | 10010001p0000010 1
53 | 0000100000010010 1 | 000010000001001¢ 1 }-3000000001000100 2 | 10000000p1000100 2
54 | 0000010000000010 1 | 000001000000001¢ ¥H[N0100000001001000 2 | 01000000p1001000 2
55 | 0010010000100000 2 | 0010010000100000:2 *| 1000010000100000 2 | 10000100p0100000 2
56 | 0010001000010000 2 | 001000100001008¢- 2 | 1000001000010000 2 | 10000010p0010000 2
57 | 0010000100001000 2 | 010000000010001¢ 1 | 0010000100001000 2 | 01000000p0100010 1
58 | 0010000010000100 2 | 001000001000010¢0 2 | 1000000100001000 2 | 10000001p0001000 2
59 | 0010000000010000 2 | 00100000380010000 2 | 1000000010000100 2 | 10000000[0000100 2
70 | 0001000010001000 2 | 0100001000100000 2 | 0001000010001000 2 | 01000010p0100000 2
71 | 0001001000100000 2 | 0001001000100000 2 | 0100000010001000 2 | 01000000[0001000 2
72 | 0001000000001000 2 [.010000010001000¢0 2 | 0001000000001000 2 | 01000001p0010000 2
73 | 0001000100010000 2:+}-000100010001000¢0 2 | 1000000001000100 3 | 10000000p1000100 3
74 | 0001000001000100 {2) | 000100000100010¢ 2 | 0100000001001000 3 | 01000000p1001000 3
75 | 0000100100100000- 2 | 0000100100100000 2 | 1000010000100000 3 | 10000100p0100000 3
76 | 0000100010010000 2 | 0000100010010000 2 | 1000001000010000 3 | 10000010p0010000 3
77 | 00001000Q7001000 2 | 010000000100010¢ 2 | 0000100001001000 2 | 01000000p1000100 2
78 | 0000100000100100 2 | 000010000010010¢ 2 | 1000000100001000 3 | 10000001p0001000 3
79 | 0000400000000100 2 | 000010000000010¢ 2 | 1000000010000100 3 | 10000000[0000100 3
B0 | 0000100000000100 3 | 000010000000010¢ 3 | 0100000010001000 3 | 01000000[0001000 3
B1  [-0000100000100100 3 | 000010000010010¢ 3 | 1000100001000000 4 | 10001000p1000000 4
B2/ ,[~0000100001001000 3 | 010000000100010¢ 3 | 0000100001001000 3 | 01000000p1000100 3
B3\ 0000100010010000 3 | 0000100010010000 3 | 1000000010001000 3 | 1000000010001000 3
84 | 0000100100100000 3 | 0000100100100000 3 | 100100100100100Q 2 | 100100100100100( 2
85 | 0001000000001000 3 | 010000010001000Q 3 | 000100000000100Q 3 | 010000010001000( 3
86 | 0001000001000100 3 | 0001000001000100 3 | 100100100010010Q 2 | 100100100010010( 2
87 | 0001000010001000 3 | 0100001000100000 3 | 000100001000100Q 3 | 010000100010000( 3
88 | 0001000100010000 3 | 0001000100010000 3 | 100100100100100Q 3 | 100100100100100( 3
89 | 0001001000100000 3 | 0001001000100000 3 | 1001000010000001 1 | 1001000010000001 1
90 | 0010000000010000 3 | 0010000000010000 3 | 100010010001001(Q 1 | 100010010001001( 1
91 | 0010000010000100 3 | 001000001000010Q 3 | 1000100100001001 1 | 1000100100001001 1
92 | 0010000100001000 3 | 0100000000010001 1 | 001000010000100Q 3 | 0100000000010001 1
93 | 0010001000010000 3 | 001000100001000Q 3 | 100010001000001(Q 1 | 100010001000001( 1
94 | 0010010000100000 3 | 0010010000100000 3 | 1000100001000001 1 | 1000100001000001 1
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Table G.1 - Main Conversion Table (continued)
8-hit State 1 State 2 State 3 State 4
byte Code Word | Next Code Word | Next Code Word | Next Code Word | Next
msb Ish Statg msb Ish Statd msb Ish statg msb Ish State

95 | 000000100000001¢0 1 | 010010010000001¢ 1 | 1000010010010010 1 | 0100100100000010 1
96 | 0000000100000001 1 | 010010001000000]1 1 | 1000010010001001 1 | 0100100010000001 1
97 | 0010010010001001 1 | 0100010000100000 2 | 001001001000100]1 1 | 0100010000100000 2
98 001001001001001$ 1 | 001001001001001¢ 1 | 1001001000000100 2 | 1001001000000100 2
99 | 001001000100001¢ 1 | 001001000100001¢ 1 | 1001001000100100 3 | 1001001000100100 3
10q | 001001000010000] 1 | 001001000010000] 1 | 100001000100001( 1 | 1000010001(000010 1
101 | 0010001001001001 1 010001001000001% 1 | 0010001001001001 1 | 0100010016000010 1
102 | 001000100010001¢ 1 | 0010001000100010 1 | 100001000010000]1 1 | 1000010000100001 1
103 | 0010001000010001 1 | 0010001000010001 1 | 1000001001001001 1 | 1000001001(001001 1
104 001000010001001$ 1 | 001000010001001¢ 1 | 1000001000100010 1 |n1000001000100010 1
105 | 0010000010000010 1 001000001000001§ 1 | 1000001000010001 1 ¢()1000001000010001 1
104 | 001000010000100] 1 | 0100001000010000 2 | 001000010000100} 1| 0100001000 10001 2
107 | 0010000001000001 1 | 0010000001000001 1 | 1000000100010010-"1 | 1000000100010010 1
104 | 000100100100001¢ 1 | 0001001001000010 1 | 10000001000Q10071 1 | 1000000100001001 1
109 | 0001001000100001 1 | 0001001000100001 1 | 1000000010000010 1 | 1000000010(000010 1
119 | 000100010010001¢ 1 | 0001000100100010 1 | 1000000001000001 1 | 1000000001(00001 1
111 | 0001000100010001 1 | 0001000100010001 1 | 0100000010001001 1 | 0100000010(001001 1
112 000100001001001$ 1 | 000100001001001¢ 1 | 1004001001001001 1 | 1001001001(00100] 1
113 | 0001000001000010 1 000100000100001§ 1 {£100100100010001¢0 1 | 1001001000 00011 1
114 | 0001000010001001 1 | 0100010000100000 33\ 0001000010001001 1 | 0100010000100000 3
114 | 0001000000100001 1 | 0001000000100001%%”| 1001001000010001 1 | 1001001000010001 1
114 | 0000100100100001 1 | 000010010010000%) 1 | 1001000100010010 1 | 1001000100010010 1
117 | 0000100010010001 1 | 0000100010010001 1 | 1001000100001001 1 | 1001000100001001 1
119 | 0000100001001001 1 | 0100010001000001 1 | 0000100001001001 1 | 0100010001(000001 1
119 | 000010000010001¢ 1 | 00001000600100010 1 100010010010010$ 2 | 1000100100100100 2
129 | 000010000001000] 1 | 0000100000010001 1 | 1000100100000100 2 1000100100$0010 2
121 | 0000010000001001 1 | 0100001001000010 1 | 0000010000001001 1 | 0100001001(000010 1
122 | 000001000001001¢ 1 [~000001000001001¢0 1 | 1000100000100000 2 | 1000100000100000 2
123 | 0010010010000100 2‘|)0010010010000100 2 | 1000010010000100 2 1000010010%0010 2
124 | 001001000001000¢, 2 | 0010010000010000 2 | 1000010000010000 2 | 1000010000010000 2
124 | 001000100000100¢* 2 | 0100001000100001 1 | 0010001000001000 2 | 0100001000100001 1
124 | 0010001001000100 2 | 0010001001000100 2 | 1000001001000100 2 | 1000001001(000100 2
127 | 0001000100001000 2 010000010010001§ 1 | 0001000100001000 2 | 0100000100100010 1
129 | 0010000200100100 2 | 0010000100100100 2 | 1000001000001000 2 1000001000%0100 2
129 | 0000100010001000 2 | 0100000100010001 1 | 0000100010001000 2 | 0100000100010001 1
13d | 00TQ000100000100 2 | 0010000100000100 2 | 1000000100100100 2 | 1000000100100100 2
131 |/0010000000100000 2 | 0010000000100000 2 | 1001001000000100 3 | 1001001000000100 3
132_10001001000010000 2 | 0001001000010000 2 | 100010010010010 _1ngglggngToolo 3
133 | 0000100000001000 2 | 0100000010010010 1 | 0000100000001000 2 | 0100000010010010 1
134 | 0001000010000100 2 | 0001000010000100 2 | 1000100000100000 3 | 1000100000100000 3
135 | 0001000000010000 2 | 0001000000010000 2 | 1000010010000100 3 | 1000010010000100 3
136 | 0000100100010000 2 | 0000100100010000 2 | 1000010000010000 3 | 1000010000010000 3
137 | 0000100001000100 2 | 0000100001000100 2 | 1000001001000100 3 | 1000001001000100 3
138 | 0000010001001000 2 | 0100000001000010 1 | 0000010001001000 2 | 0100000001000010 1
139 | 0000010010010000 2 | 0000010010010000 2 | 1000001000001000 3 | 1000001000001000 3
140 | 0000010000100100 2 | 0000010000100100 2 | 1001000010000010 1 | 1001000010000010 1
141 | 0000010000000100 2 | 0000010000000100 2 | 1000000100000100 2 | 1000000100000100 2
142 | 0000010000000100 3 | 0000010000000100 3 | 1000000100100100 3 | 1000000100100100 3
143 | 0000010000100100 3 | 0000010000100100 3 | 1000000100000100 3 | 1000000100000100 3
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