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Foreword

8:2002(E)

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 ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in

liaison with IS

established a jpint technicél committee, ISO/IEC JTC 1:

International Sfandards are drafted in accordance with the rules given in the ISO/IEC Directives; Rart 3.

The main task
adopted by thg

Standard requires approval by at least 75 % of the national bodies casting a vote.

; d IEC have

of the joint technical committee is to prepare International Standards. Draft"International Standards
joint technical committee are circulated to national bodies for voting. Publication as an International

Attention is drawn to the possibility that some of the elements of this Internatiohal Standard may be the subject of

patent rights. IO and IEC shall not be held responsible for identifying any oral| such patent rights.

ISO/IEC 16444
procedure”, by
national bodies

was prepared by ECMA (as Standard ECMA-267) and-was adopted, under a special “fast-track
Joint Technical Committee ISO/IEC JTC 1, Informatien technology, in parallel with its| approval of

of ISO and IEC.

This second g¢dition cancels and replaces the first edition\({ISO/IEC 16448:1999), which has been technically

revised.

Annexes A to |

form a normative part of this International Standard. Annexes K to P are for information pnly.

Vi
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INTERNATIONAL STANDARD

ISO/IEC 16448:2002(E)

Information technology — 120 mm DVD — Read-only disk

1 Sco

Section 1 - General
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meets the mandatory requirements specified for its Type.
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Normative reference

The following normative document contains provisions which, through reference in this text, constitute provisions of this
International Standard. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply.
However, parties to agreements based on this International Standard are encouraged to investigate the possibility of applying
the most recent edition of the normative document indicated below. For undated references, the latest edition of the normative
document referred to applies. Members of ISO and IEC maintain registers of currently valid International Standards.

IEC 60950-1:

4

2001, Information technology equipment — Safety — Part 1: General requirements

Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply.
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https://iecnorm.com/api/?name=c972c002192eece299c960e5c2670ccd

ISO/IEC 16448:2002(E)

4.1 Adbhesive layer
A 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 the disk by pits.

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 ZERQ

4.5 Disk Reference Plane

A plane defined| by the perfectly flat annular surface of an ideal spindle onto which the Clamping Zone ¢f|the digk is clamped,
and which is nofmal 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 acgess to a different pajr of recorded
layers.

4.7 Dumnjy substrate

A layer which nfay be transparent or not, provided for the mechanical support of the\disk and/or of a recorded laygr.

4.8 Entrance surface

The surface of the disk onto which the optical beam first impinges.

4.9 Optical disk

A disk that accepts and retains information in the form of pits in asecorded layer that can be read by an optical begm.

4.10 Physical sector number

A serial number|allocated to physical sectors on the disk:

4.11 Read-¢nly disk

An optical disk [in which the information has been-recorded when manufacturing the disk. The information canngt be modified
and can only beread from the disk.

4.12 Recorded layer

A layer of the disk on, or in, which datais recorded.

4.13 Reed-$olomon code

An error detectipn and/or cerrection code for the correction of errors.

4.14 Reseryed field

A field set to alll ZEROSs unless otherwise stated, and reserved for future standardization.

4.15 Sector

The smallest part of a track in the Information Zone that can be accessed independently of other addressable parts.

4.16 Single Layer disk

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

4.17 Spacer

In the case of Dual Layer disks, the transparent layer placed between the two recorded 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 optical beam can
access the recorded layer(s).

2 © ISO/IEC 2002 — All rights reserved
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4.19 Track

A 360° turn of a continuous spiral.

4.20 Track pitch

The distance

421 Zon

between the centrelines of a pair of adjacent physical tracks, measured in radial direction.

(¢

An annular area of the disk.

5 Conventions and notations

5.1 Rep

resentation of numbers

A measured Y

alue is rounded off to the least significant digit of the corresponding specified value. For instance

specified valgie of 1,26 with a positive tolerance of + 0,01 and a negative tolerance of - 0,02 allows a range.of

from 1,235 td
Numbers in d
Numbers in h
The setting o

Numbers in Y
the left.

Negative valt

In each field
significant by

1,275.
ecimal notations are represented by the digits 0 to 9.
exadecimal notation are represented by the hexadecimal digits 0 to 9 and A to Fjin‘parentheses.
[ bits is denoted by ZERO and ONE.

inary notations and bit patterns are represented by strings of digits 0 and\l’, with the most signifid

jes of numbers in binary notation are given as Two’s complement:

the data is recorded so that the most significant byte (MSB); identified as Byte 0, is recorded f
te (LSB) last.

it implies that a

measured values

ant bit shown to

rst and the least

ificant bit (Isb).

In a field ¢f 8n bits, bit by, ;) shall be the most significant bit (msb) and bit by the least sign
Bit b(8n-1) is fecorded first.

5.2 Nanpes

The names of entities, e.g. specific tracks, fields, zones{®tc. are given a capital initial.
6 Lisq of acronyms

BCA Burst-Cutting Area

BP Byte Position

BPF Band Pass Filter

CLV Constant Lingak Velocity
CPR_MAI Copyright Mafiagement Information
DCC DC Cotmponent (suppress control)
DL Dual\ayer

DPD Differential Phase Detection

DSV Digital Sum Value

ECC Error Correction Code

EDC Error Detection Code

EQ Equalizer

FWHM Full Width at Half Maximum

HF High Frequency

ID Identification Data

IED ID Error Detection (code)

IR Index of Refraction

LPF Low-Pass Filter

LSB Least Significant Byte
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MSB
NRZ
NRZI
OTP
PBS
PE

PI
PLL
PO
PTP

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

PUH

RIN

RS

RZ

SL

SYNC Code
Isb

msb

7

The optical disk
layer, so that th
centre hole of tl
Standard specifi

Type A
Type B

Type O

Type D

Figure 1 shows
(DL) disks. The
Types A and C

In Type C the fi

Pick-Up Head

Relative Intensity Noise
Reed-Solomon (code)
Return to Zero

Single Layer
Synchronisation Code
least significant bit
most significant bit

Generjal description of the disk

L that is the subject of this International Standard consjsts.of two substrates bonded together b
e recorded layers are on the inside (See annex N). The eentring of the disk is performed on th
e assembled disk on the side currently read. Clamping'is performed in the Clamping Zone. This
ks the following Types.

consists of a substrate, a single recorded layer and a dummy substrate. The recorded layer caj
from one side only. The nominal capacity is 4,7 Gbytes.

consist of two substrates, and two tecorded layers. From one side of the disk, only one of t
layers can be accessed. The nominal capacity is 9,4 Gbytes.

consists of a substrate,.a~xdummy substrate and two recorded layers with a spacer betwee
recorded layers can be‘accessed from one side only. The nominal capacity is 8,5 Gbytes.

consists of two_substrates, each having two recorded layers with a spacer between these
layers. From,ongside of the disk, only one pair of recorded layers can be accessed. The nor
is 17,0 Gbytes:

schematically‘these four Types. Types A and B are Single Layer (SL) disks and Types C and D a
two layers of DL disks are identified as Layer 0 and Layer 1. Layer 0 is the layer nearer to the ent
re 1-sided disks, Types B and D are 2-sided disks.

inction of the adhesive layer can be provided by the spacer between the two recorded layers wh

an adhesive
e edge of the
International

n be accessed

hese recorded

n them. Both

two recorded
hinal capacity

e Dual Layer
rance surface.

ere Layer 1 is

placed, for insta

nce embossed, on the dummy substrate.
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<?/’ Substrate

Recorded layer

Type A LTI T e Adhesive layer
\ Dummy substrate
Entrance surfacel
< Substrate
Type B m 4 Recordéd layer
pe H‘ [l H (AT Adhesivelayer
= < Reoprded layer
< Substrate
Entrance surfaceT
Entrance surface¢ Substrate
-5
Recorded Layer|0
Type C L_J LI {\Spacer
||||||||||||||| || |||”||H|<_\Recor®dLayerl
L Adhesive layer
D Dummy substrafe
Entrance surfacel Substrate
// Recorded Layet 0
~ Spacer
Tﬂ”” H”m b Recorded Layer 1
Tvpe D mllll ||W\ Adhesive layer
P _I_I_I_L'lll_ﬂ‘_l_l_‘  Recorded Layer| 1
\ Spacer
T \ Recorded Layer 0
Entrance surface Substrate
Figure 1 - Types of 120 mm DVD - Read-Only disks
8 General réquirements
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.

a) For dimensional measurements

temperature
relative humidity
atmospheric pressure

:23°C+2°C

145 %1t0 55 %
: 86 kPa to 106 kPa

b) For other measurements

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

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

© ISO/IEC 2002 — All rights reserved
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8.1.2  Operating environment

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

Disks used for data interchange shall be operated under the following conditions, when mounted in the drive supplied with
voltage and measured on the outside surface of the disk.

The disk exposed to storage conditions shall be conditioned in the operating environment for at least two hours before
operating.

temperature :-25°Cto 70 °C
relative humidity :3%1t095%
absolute humidify : 0,5 g/m? to 60 g/m°
sudden change af temperature : 50 °C max.

sudden change qf relative humidity : 30 % max.

There shall be np condensation of moisture on the disk.

8.1.3  Storag¢ environment

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

temperature :-20°Cto 50 °C
relative humidit 25 % t0 90 %
absolute humidify o1 g/m3 to 30 g/m3
atmospheric prefsure : 75 kPa to 106 kPa
temperature varjation : 15 °C /h max.
relative humidity variation : 10 %/h max.

8.1.4 Transportation
This Internationpl Standard does not specify requirements for tfansportation; guidance is given in annex P.

8.2 Safety|requirements

The disk shall gatisfy the requirements of IEC 60950=1, when used in the intended manner or in any foreseeable use in an
information system.

8.3 Flammpability

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

9 Reference measurement devices

The reference easurement~devices shall be used for the measurements of optical parameters for conformapce with this
International Stdndard. The Critical components of these devices have specific properties defined in this clause.

9.1 Pick Up Head (PUH)

The optical systemi<er measuring the optical parameters is shown in figure 2. It shall be such that the detected light reflected
from the entrance surface o iSK 1s minimized so as not influencing the accuracy ol measurement. 1ne combination of the
polarizing beam splitter C with the quarter-wave plate D separates the incident optical beam and the beam reflected by the
optical disk F. The beam splitter C shall have a p-s intensity/reflectance ratio of at least 100. Optics G generates an astigmatic
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 which coincides
with the centre of the quadrant photo detector H when the objective lens is focused on the recorded layer. An example of such a
photo detector H is shown in figure 2. The dimensions a and b equal M times 10 um to 12 um, where M is the transversal
magnification factor from the disk to its conjugate plane near the quadrant photo detector H.

6 © ISO/IEC 2002 — All rights reserved
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J
I.1,1,1 % Read Channel

T i
ap |,
¢

Quadrant photo-dete¢tor H

-
L]

o [ [ ]
[ []

A B C E
97-9019-A
A Laser diode F Optical disk
B Collimator lens G Optics for the astigmatic focusing method
C Polarizing beam splitter H Quadrant photo detector
D Quarter-wave plate L, I, Idy  Output from the quadrant phofo detector
E Objective lens J d.c. coupled amplifier

Figure 2 - Optical system for PUH

The charactegistics of the PUH shall be as follows.

Wavelength (1) 650 nm + 5 nm

Polarization circularly polarized light

Polarizing bepm splitter shall be used unless otherwise stated
Numerical aperture 0,60 £ 0,01

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

Wave front aperration after

passing throuigh an-ideal

substrate of the§ingle layer disk 0,033 4 rms max.
(Thickness : 0,6~mm-and index

of refraction : 1,56)

Normalized detector size on a disk 100 um? <SS /M2 ¢ 144 pm?
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 Measurement conditions

The measuring 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 m/s £ 0,03 m/s
for Dual Layer disks: 3,84 m/s £ 0,03 m/s

© ISO/IEC 2002 — All rights reserved 7
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Clamping force 20N+0,5N

Taper cone angle 40,0° + 0,5°, see annex E

CLV servo characteristic f (-3 dB), closed loop bandwidth : 5 Hz
Focusing method astigmatic method

Tracking method differential phase detection

9.3 Normalized servo transfer function

In order to specify the servo system for axial and radial tracking, a function Hg is used (equation I). It specifies the nominal
values of the open-loop transfer function H of the Reference Servo(s) in the frequency range 23,1 Hz to 10 kHz.

3iw
1 -~ 2 1+w7
H (iw)=—x| 2| x—9_ I
s(iw)=2 Lle i M
3wq
where
o=2nf
0y =21f,

i= -1

f, is the 0 dB cfossover frequency of the open loop transfer function. The crossoyerfrequencies of the lead-lag retwork of the
servo are given py

lead break frequency: f1=fox1/3
lag break frequency: fr=f,x3

9.4 Referdnce Servo for axial tracking

For an open loop transfer function H of the Reference Servo foraxial tracking, | 1+H | is limited as schematically[shown by the
shaded surface qf figure 3.

Gain (dB)
A
86,0

s

66,0
62,3

44,1
40,6

96 23.1 100 0000 "

Frequency (Hz)
96-0297-A

Figure 3 - Reference Servo for axial tracking
Bandwidth 100 Hz to 10 kHz
| 1+H | shall be within 20 % of | 1+H,|.

The crossover frequency f = o, / 2w shall be specified by equation (1), where o, shall be 1,5 times larger than the expected

maximum axial acceleration of 8 m/s2. The tracking error €max Shall not exceed 0,23 pm. Thus the crossover frequency f shall
be

8 © ISO/IEC 2002 — All rights reserved
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fo= iJ—s “max _ 1 —8X1’5X36 = 2,0 kHz (1N
27\ emax 2710,23x10~

The axial tracking error e, is the peak deviation measured axially above or below the 0 level.
Bandwidth 23,1 Hz to 100 Hz

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

40,6 dB at 100 Hz (| 1+Hs | -20% at 100 Hz )
66,0 dB at 23,1 Hz (| 1+Hs | -20%at 23,1 Hz)
86,0 dB at 23, Tz (I T 15 I =20% at 23,1 Hz add 20dB)
44,1 dB at 140 Hz (| 1+Hs | +20% at 100 Hz )

Bandwidth 9,6 Hz to 23,1 Hz
| 1+H | shdll be between 66,0 dB and 86,0 dB.

9.5 Refé¢rence Servo for radial tracking

For an open-Joop transfer function H of the Reference Servo for radial tracking, | 1411 lis/limited as schema ically shown by
the shaded surface of figure 4.

Gain (dB)‘
89,2

69,2
67,1

473
43,7

. : : \
9,6 23,1 100 10 000

96-0298-A Frequency (Hz)

Figure 4 - Reference Servo for Radial Tracking
Bandwidth from 100 Hz to 10 kHz
| 1+H | shjll bewithin 20 % of | 1 + Hg].

The crossovgr_fréguenc = o, / 27 shall be specified by equation (III)., where o shall be 1.5 timed larger than the
expected maximum radial acceleration of 1,1 m/s2. The tracking error €max Shall not exceed 0,022 pum.

Thus the crossover frequency f,, shall be
f():i /3amax :i '|,1><'|,5><36 — 2.4 kHz )
27\ emax 27\ 0,022x10~

The radial tracking error is the peak deviation measured radially inwards or outwards the 0 level.
Bandwidth from 23,1 Hz to 100 Hz

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

© ISO/IEC 2002 — Al rights reserved 9
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43,7 dB at 100 Hz
69,2 dB at 23,1 Hz
89,2 dB at 23,1 Hz
47,3 dB at 100 Hz

(| 1+Hs | -20% at 100 Hz )
(| 1+Hs | -20%at23,1 Hz)
(| 1+Hs | -20% at 23,1 Hz add 20 dB)
(| 1+Hs | +20% at 100 Hz)

Bandwidth from 9,6 Hz to 23,1 Hz
| 1+H | shall be between 69,2 dB and 89,2 dB.

Section 2 - Dimensional, mechanical and physical characteristics of the disk

10

Dimensional characteristics (figures 5 to 8)

Dimensional ch
disk. Where the

drawings show the dimensional requirements in summarized form. The different parts of the disk are desexibed i

hole to the outsi
The dimensions

Reference Plang
rests.

Reference Plane

10.1 Overa
The disk shall h

dy = 120,00 mm

The centre hole
d, =15,00 mm

The diameter of]
There shall be 1|

The edge of the]
extend over a hg

The thickness o
e; = 1,20 mm

10.2 Firstt

In the area defin

hracteristics are specified for those parameters deemed mandatory for interchange and compatil
e is freedom of design, only the functional characteristics of the elements described are indicated’
e rim.

are referred to two Reference Planes P and Q.

P is the primary Reference Plane. It is the plane on which the bottom surface. of the Clamping Z

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

hve an overall diameter

+ 0,30 mm

of a substrate or a dummy substrate shall have a diameter

+0,15 mm

- 0,00 mm
the hole of an assembled disk, i.e. with both parts bonded together, shall be 15,00 mm min., see fi
b burr on both edges of the centre hele)

centre hole shall be rounded -offyor chamfered. The rounding radius shall be 0,1 mm max. The
ight of 0,1 mm max.

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

ransition area
ed byds.and

ple use of the
The enclosed
om the centre

ne (see 10.4)

pure 6.

chamfer shall

dy=16,0 mm m

i,

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

10.3

Second transition area

This area shall extend between diameter d3 and diameter

d, = 22,0 mm max.

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

10.4

Clamping Zone

This zone shall extend between diameter d, and diameter

ds = 33,0 mm min.

10
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Each side of the Clamping Zone shall be flat within 0,1 mm. The top side of the Clamping Zone, i.e. that of Reference Plane Q
shall be parallel to the bottom side, i.e. that of Reference Plane P within 0,1 mm.

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

+ 0,20 mm
e, = 1,20 mm
-0,10 mm

10.5 Third transition area

This area shall extend between diameter ds and diameter
dg = 44,0 mm max.

In this area the

hy=0,25 max.

or below Refgrence Plane Q by

hy = 0,10 mn} max.

The bottom sprface is permitted to be above Reference Plane P by
hy = 0,10 mn} max

or below Refgrence Plane P by

hy = 0,25 mn} max.

10.6 Information Zone

The Information Zone shall extend from the beginning of the Lead-in<Zone to diameter d;, the value of whidh is specified in
table 1.

In the Informhtion Zone the thickness of the disk shall be equal to\e¢{ specified in 10.1.

10.6.1 Sub-divisions of the Information Zone

The main parts of the Information Zone are

—  the Lead}in Zone
—  the Data|Zone
—  the Lead}out Zone

The area extgnding from d to diameter

d; = 45,2 mny max.
shall be used|as follows

— it is the beginning of.the\Lead-in Zone for Types A and B, and each pair of layers for Type C and D in P[P mode and on
Layer 0 in OTP medg,

— it is the gnd ofth¢ Lead-out Zone on Layer 1 for Types C and D in OTP mode.

In the first cape, the Lead-in Zone shall end at diameter

+ 0,0 mm
dg = 48,0 mm

-0,4 mm
which is the beginning of the Data Zone.

In the second case the Data Zone shall not extend toward the centre of the disk beyond dg. The Lead-out Zone shall start after
the Data Zone and end between diameters dg and d.

The Data Zone shall start after the Lead-in Zone at diameter dg, it shall extend up to diameter
dg = 116,0 mm max.

The zone between diameters dq and d,, constitutes the Lead-out Zone in the cases Types A and B, and Types C and D in PTP
mode and the Middle Zone in the case of Types C and D in OTP mode.

© ISO/IEC 2002 — All rights reserved 11
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The Lead-out Zone in PTP mode and the Middle Zone shall start after the Data Zone and end at diameter d}, the value of
which depends on the length of the Data Zone as shown in table 1.

Table 1 - End of the Information Zone

Length of the Data Zone Value of diameter 4,

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

68,0 mm to 115,0 mm Data Zone diameter + 2,0 mm min.

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

The zone extend
10.6.2 Track ¢
In the Informati
The track pitch
The track pitch
10.6.3 Track

Tracks can be
shows exampleq
each other.

Types A and B
Types Cand D 1

In PTP mode, t
Layer 0 and Lay

In OTP mode, t1
outer diameter t
spiral is turning

The radial misalignment of the outer edge of the Tnformation Zones between Layer 0 and Layer 1 shall be 0,5 mm

In OTP mode, tl

10.6.4 Chann
The Information

133,3 nm +

146,7 nm +
10.7 Rima

The rim area sl

k

ing from dy; to dy, shall be used for the Burst Cutting Area, if implemented (see annex H).

Feometry

n Zone tracks are constituted by a 360° turn of a spiral.
hall be 0,74 pm £ 0,03 pm.
wveraged over the Data Zone shall be 0,74 um £ 0,01 pm.

odes

corded in two different modes called Parallel Track Path (PTP) and-Opposite Track Path (O
of the PTP and OTP modes. In practice, the lengths of the Data*Zones of both layers are indg

hall be recorded in PTP mode only.
may be recorded in either modes.

racks are read from the inside diameter of the Information Zone to its outside diameter, this aj
er 1 for Types C and D, see figure 5a. On both:layers, the track spiral is turning from the inside to

acks are read starting on Layer 0 at the innef diameter of the Information Zone, continuing on La
b the inner diameter. Thus, there is a Middle Zone at the outer diameter on both layers, see figure
from the inside to the outside on Layer, 0 and in the reverse direction on Layer 1.

le radial misalignment between'the outer edge of the Data Zones of Layer 0 and Layer 1 shall be 0

bl bit length
Zone shall be recorded in CLV mode. The Channel bit length averaged over the Data Zone shall |

1,4 nm for Type\A and Type B,
1,5 nm for<Type C and Type D

Fea

nallcbe that area extending from diameter dy, to diameter d; (see figure 8). In this area the {

[P). Figure 5
pendent from

plies to both
the outside.

er 1 from the
5b. The track

max.

5 mm max.

pC

op surface is

permitted to be

hs=0,1 mm ma

DOVC RCICICNCC Flanc Y DYy

X.

and the bottom surface is permitted to be below Reference Plane P by

hg=0,1 mm ma

X.

The total thickness of this area shall not be greater than 1,50 mm, i.e. the maximum value of e;. The thickness of the rim proper

shall be

e3 = 0,6 mm min.

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

hy=0,2 mm ma

12

X.
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hg = 0,2 mm max.

10.8 Remark on tolerances

All heights specified in the preceding clauses and indicated by #; are independent from each other. This means that, for
example, if the top surface of the third transition area is below Reference Plane Q by up to %,, there is no implication that the
bottom surface of this area has to be above Reference Plane P by up to #3. Where dimensions have the same - generally
maximum - numerical value, this does not imply that the actual values have to be identical.

10.9 Runout
10.9.1 Axial runout

When measured by the PUH with the Reference Servo for axial tracking, the disk rotating at the scanning velocity, the

deviation of

the recorded laver from its nominal position in the direction normal to the Reference Planes

hall not exceed

0,3 mm.

The residual
The measurin]

10.9.2 Rad

The runout o
The radial ru

The residual
The measurir]

The rms nois

tracking error below 10 kHz, measured using the Reference Servo for axial tracking, shallbe le
g filter shall be a Butterworth LPF, f_ (-3dB): 10 kHz, slope : -80 dB/decade.

al runout

Fthe outer edge of the disk shall be less than 0,3 mm, peak-to-peak.
hout of tracks shall be less than 100 um, peak-to-peak.

racking error below 1,1 kHz, measured using the Reference Servo for(radial tracking, shall be les
g filter shall be a Butterworth LPF, f_ (-3dB) : 1,1 kHz, slope : -80~dB/decade.

time of 20

Butterworth BPF, frequency range (-3dB) : 1,1 kHz, slope : +80 dB/dé€cade to 10 kHz, slope : -80 dB/decade.

10.10 Lab

The label shd
The label shg
shall not extg
label shall noj

e value of the residual error signal in the frequency band from ()1 kHz to 10 kHz, measured wi
s, using the Reference Servo for radial tracking, shall be-less than 0,016 um. The measuring

1

11 be placed on the side of the disk opposite the éntrance surface for the information to which thg
11 be placed either on an outer surface of the*disk or inside the disk bonding plane. In the formg
nd over the Clamping Zone. In the latter ease, the label may extend over the Clamping Zone. Ij
t extend over the rim of the centre hole nor-over the outer edge of the disk.

s than 0,23 pm.

5 than 0,022 pm.

h an integration
filter shall be a

label is related.
r case, the label
1 both cases, the

© ISO/IEC 200
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11
11.1 Mass
The mass of the

11.2

Mechanical parameters

disk shall be in the range 13 gto 20 g.

Moment of inertia

The moment of inertia of the disk, relative to its rotation axis, shall not exceed 0,040 gem?.

11.3

Dynamic imbalance

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

114

Sense of rotation

The sense of rothtion of the disk shall be counterclockwise as seen by the optical system.

12
12.1

The index of re

Optic

Index

The index of re
12.2 Thick
The thickness o
Figure 9 specifi

12.3  Thick

For Types C an
On a disk, this t

124

The angular dey
diameter in the
recorded layer, §

Angul

In radial directi
In tangential dir

12.5 Birefr
The birefringen

12.6 Reflec
When measured

Types A and B
Types A and B:

1 parameters
f refraction
action IR of the transparent substrate shall be 1,55 + 0,10.

action of the spacer shall be (IR £ 0,10).

ess of the transparent substrate

the transparent substrate is specified as a function of its index of reftaction.
s it for Types A and B and figure 10 for Types C and D.
ess of the spacer of Types C and D

D, the thickness of the spacer shall be 55 um + 15 pwm.Annex K shows two ways of measuring this thickness.

ickness shall not vary by more than 20 pm. Withincomie'revolution, it shall not vary by more than

r deviation

iation is the angle o between a parallel incident beam and the reflected beam. The incident bean
ange 0,3 mm to 3,0 mm. This angle includes deflection due to the entrance surface and to unpars
ee figure A.1. It shall meet the following requirements when measured according to annex A.

n: a = 0,80° max.
bction : a = 0,30° max.

ngence of the transparent substrate

e of the transparent(substrate shall be 100 nm max. when measured according to annex B.
Livity

according-fe/annex D, the reflectivity of the recorded layer(s) shall be

45 %40-85 % (PUH with PBS)
60%to 85 % (PUH without PBS)

pm.

n shall have a
llelism of the

Types C and D

18% to 30 % (PUH with PBS)

Types Cand D :

14

18% to 30 % (PUH without PBS)
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L 1
ayer N
Layer 0 | N
! — Spiral direction L
Py e
e |
= 5
Radius Entrance surface
Figure 5a - Parallel Track Path (PTP)
: Qpiml direction 4 .
Layer 1 i !
Y N
Layer 0 | 4
! —Spiral direction L
= 2
s 5
Radius Entrance surface

Figure 5b - Opposite Track Path (OTP)

Layer 0 = The layer closer to the entrance-surface
Layer 1 = The layer farther from the éntrance surface

Data Zone : —
Lead-in Zone : L7
Middle Zone : PO
Lead-out Zone: KRS

Figure S - Examples of track paths for Types C and D

97-0001-A

Figure 6 - Hole of the assembled disk

© ISO/IEC 2002 — All rights reserved
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.
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Y
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le
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Figure 7 - Areas of the disk
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W
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Figure 8 - Rim area
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Thickness
(mm)
A
(1,45; 0,643)
0,64 (1,56; 0,630)
(1,65; 0,630)
0,62
— (LQQ
0,60— bfb :
W
NO
&
\
0.58—1(1,45; 0,583) O\
O
] O
(1,56: 0.570) 1.65; 0,570)
I— g < >
Index of
1,40 I 50 refraction
96-0300-A
Figure 9 - Thickness $}e substrate for Types A and B
4\
xO
O
<&
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Thickness
(mm)
A
(1,45; 0,653)
0,66 — (1,56; 0,640)
(1,65; 0,640)
0,64 —
o6 Layer 1 y
Q
22 MY
“— o
0,60 — °E)
&
0,58 — N = k-
Layer 0 Q/C) g 2
W\ S g
0,56 —| O § <
(1.45: 0,563) S
(1,56: 0,550) (1,63(; 0;550)
Q Minimum thickness
Q of the substrate
N !
I 1 T >
l I‘(\Q ! Index of
1,40 1,50 $}0 1,70 refraction
96-03014A A\@
Figure 10 - Thickness eséaw substrate and spacer for Types C and D
8 . .
@mn 3 - Operational Signals
13 High frequency signals@F')
The HF signal i obtained by s the currents of the four elements of the photo detector. These currents are jnodulated by
diffraction of thp light beam at the pits representing the information on the recorded layer. Measurements, excep{ for jitter, are
executed to HF pefore equalizing.
13.1 Modulated tude
The modulated 3my 1@216: 1,4 is the peak-to-peak value generated by the largest pit and land length (figure 11 ).
The peak value Lprrshallbethe peakvaluecorresponding to-the HE signal before-high-pass i

The peak-to-peak value of the shortest pit and land length shall be /5.
The 0 Level is the signal level obtained from the measuring device when no disk is inserted.
These parameters shall meet the following requirements.

L4/ Iiyy = 0,60 min.

I;/1, = 0,15 min. for Types A and B

I;/1, = 0,20 min. for Types C and D

The maximum value of (/14max = {14Hmin ) / {14Hmax Shall be as specified by table 2.
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Table 2 - Maximum value of (;4qmax - {14Hmin ) / T14Hmax

Within one recorded side| Within one revolution

of a disk
PUH with PBS 0,33 0,15
PUH without PBS 0,20 0,10

with circular polarization

Signal asymmetry

The signal as
- 0,0

where
(y4n T
3y + 13
13.3 Cro

The cross-tra)
light beam ¢
following req

Iy = Iy- I

ymmetry shall meet the following requirement, see figure 11.

5 < [Uyap + 1) /2 - Ly +13y) /21111 < 0,15

41) / 2 is the centre level of 1},
1)/ 2 is the centre level of I5.

gs-track signal

ck signal shall be derived from the HF signal when low-pass filtered_with a cut-off frequency of ]
osses the tracks (see figure 12). The low-pass filter is a 1st order filter. The cross-track signg
uirements.

min.

where I;; is the peak value of this signal and /7 is the peak-to-pgak*value.

134
13.4.1 Jitte

Quality of signals

Jitter is the sandard deviation ¢ of the time variation of the digitized data passed through the equalizer. The jit{
and trailing eflges is measured to the PLL clock and normalized by the Channel bit clock period.

Jitter shall bej less than 8,0 % of the Channel\bit clock period, when measured according to annex F.

13.4.2 Ran

A row of an |
the total num|

13.4.3 Defe

Defects are a

for black

om errors
ECC Block (see clayse18) that has at least 1 byte in error constitutes a PI error. In any 8 consecu
ber of PI errors befote’correction shall not exceed 280.
cts

r bubblesand black spots. Their diameter shall meet the following requirements

for air bybbles-it'shall not exceed 100 um,

Spots causing birefringence it shall not exceed 200 pum,

0 kHz when the
1 shall meet the

er of the leading

ive ECC Blocks

for black spots not causing birefringence it shall not exceed 300 um.

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

the total

14

length of defects larger than 30 um shall not exceed 300 pum,

there shall be at most 6 such defects.

Servo signals

The output currents of the four quadrants of the split photo detector shown in figure 13 are identified by /,, 1, I, and 1.

14.1

Differential 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 : Phase (I, + 1) - Phase (I, + 1) , see figure 13. The differential phase tracking
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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).

Amplitude

At the positive 0 crossing At /T shall be in the range 0,5 to 1,1 at 0,10 pum radial offset, where At is the average time
difference derived from the phase difference between diagonal pairs of detector elements, and T is the Channel bit clock period

Asymmetry (figure 14)

The asymmetry shall meet the following requirement.
|T1 — T
|T 1+ T 2|

<0,2

where

T is the po

T, is the ne

14.2

This signal shal
requirement, seq

Tange

sitive peak value of At/T

bative peak value of At/T

ntial push-pull signal

figurel5.

be derived from the instantaneous level of the differential outputi(/,*+ 1) - (1, + ). It shall meet

the following

[(Ta+1q)=(Ip + 1)1

114

pp

<09

0<
N AV A A YAV

AANAAAAAA
N IO Y YNYY NN
AN \Va YA VAT AYAAAYAYAYAY,

\\ X ANOND

14

0 Hevel

97-000%-,

Figure 11 - Modulated amplitude
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0 Level h 4

97-0003-A

Figure 12 - Cross-track signal

Light beam

I
yand
\ —» Tangential direcfion

97-0047-A

Figure 13 - Quadrant photo detector

At 0 Level

»  Radial spot displacement
T, Track pitch

Figure 14 - Differential phase tracking error signal
Pit

Figure 15 - Tangential push-pull signal
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15 General

The data received from the host, called Main Data, are formatted in a number of steps before being recorded on the disk. They
are transformed successively into

— aData Frame,

— a Scrambled Frame,
— an ECC Block,

— aRecording Frame,
— a Physical Sector

Section 4 - Data Format

These steps are

16 Data

A Data Frame s
shall start with
Copyright Mang
Main Data byte
Error Detection

specified n the following clauses.

‘rames (figure 16)

hall consist of 2 064 bytes arranged in an array of 12 rows each containing 172 bytesy(figure 16).| The first row
three fields, called Identification Data (ID), the check bytes of the ID Error-Detection Code (IED), and
gement Information (CPR_MALI), followed by 160 Main Data bytes. The next 10-rows shall each contain 172
, and the last row shall contain 168 Main Data bytes followed by four bytes for recording the check bits of an
Code (EDC). The 2 048 Main Data bytes are identified as D to D5 47.

\4

o
«

4 bytes

2 bytes

6 bytes

172 bytes

12
TOWS

ID

IED

CPR_MAI

Main Data 160 bytes {Djto D)

Main Data 172 bytes (D4, to Ds5;)

Main Data 72 bytes (D55, to Dy;)

Main Data 172 bytes (D¢ to D g79)

Main Data 168 bytes (D,¢g, t0 D5g47)

EDC

97-00p0-/

Figure 16 - Data Frame

4 bytes

16.1 Identification Data (ID)
This field shall consist of four bytes the bits of which are numbered consecutively from by, (Isb) to by (msb), see figure 17.

b31

b24 b23

by

Sector Information

Sector Number

22

Figure 17 - Identification Data (ID)

© ISO/IEC 2002 — All rights reserved


https://iecnorm.com/api/?name=c972c002192eece299c960e5c2670ccd

ISO/IEC 16448:2002(E)

b, b3 by9 byg by7 and byg bys b4
Sector Tracking Reflectivity Reserved Zone type Data type Layer
Format type method number

Figure 18 - Sector Information of the Identification Data (ID)

The least significant three bytes, bits by to 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 th
Bit by,

Bit by
Bits by, and |

Bit byg
Bit by,

Bit by,
Bit by,
Other setting

16.2

When identif]
represented b

e most significant byte, the Sector Information, shall be set as follows.

5

IED{) = j=4 Coj X7 =

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
shall be set to

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

shall be set to ZERO
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

shall be set-to ZERO, indicating pit tracking
shall be'set to ZERO, indicating the CLV format for read-only disks

are prohibited by this Intenhational Standard.

ID Error Detection Codé(IED)

ying all bytes of thé.array shown in figure 16 as C,-J fori=0to 11 and j = 0 to171, the check
y Co j for j = 4 to 5~ Their setting is obtained as follows.

I(x) 2 mod Gg(x)

where

3
1(x) =X Co 3
=0

1

Gp) = IT (x+ o)
k=0

a is the primitive root of the primitive polynomial P(x) = x3 + x* + x3 + x2 + 1

© ISO/IEC 200
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16.3 Copyright Management Information (CPR_MAI)

This field shall consist of 6 bytes. Their setting is application-dependent, for instance a video application. If this setting is not
specified by the application, the default setting shall be to set all bytes to all ZEROs.

16.4 Error Detection Code (EDC)

This 4-byte field shall contain the check bits of an Error Detection Code computed over the preceding 2 060 bytes of the Data
Frame. Considering the Data Frame as a single bit field starting with the most significant bit of the first byte of the ID field and
ending with the least significant bit of the EDC field, then this msb will be b,¢ 5;; and the Isb will be b,. Each bit b; of the EDC
is as follows fori=31t0 0 :

0

EDC(x)=D. b.xi = I(x) mod G(x)
=31

where
32

I(x) = Z b; x/

=16 511
Gr)=x32+x31 4+ x4 + 1

17 Scrambled Frames

The 2 048 Mair| Data bytes shall be scrambled by means of the circuit shown in(figure 19 which shall consist of 3 feedback bit
shift register in which bits r; (msb) to r(, (Isb) represent a scrambling byte at-edch 8-bit shift. At the beginning of the scrambling
procedure of a IData Frame, positions 1,4 to 1, shall be pre-set to the valde(s) specified in table 3. The same pre-det 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 bit b, (Isb) of the ID field of the Data Frame. Table 3 specifies the
initial pre-set vallue of the shift register corresponding to the 16 initial pre-set numbers.

Table 3 - Initial valués of the shift register

Initial pre-set Initial preset Initial pre-set Initial pre-set
number value number value
0) (0001) () (0010)
1) (5500) ) (5000)
2) (0002) (A) (0020)
?3) (2A00) (B) (2001)
) (0004) © (0040)
) (5400) D) (4002)
6) (0008) (E) (0080)
@) (2800) ® (0005)
@

g | Oz | Yoo [Tqy | Tyo| To | Tg | T7| To | Ts | Ty | I3 | Iy [ T) [ T

97-0021-A

Figure 19 - Feedback shift register
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The part of the initial value of 15 to 1) is taken out as scrambling byte S. After that, 8-bit shift is repeated 2 047 times and the
following 2 047 bytes shall be taken from r; to r, as scrambling bytes S, to S, (47. The Main Data bytes D, of the Data Frame
become scrambled bytes D’ where

D, =D, ® S, fork=0to2047
@ 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 byte of
Parity of Inner Code are added. Thus a complete ECC Block comprises 208 rows of 182 bytes each. The bytes of this array are

identified as J3;77as TOITOWS, Where 1 1S the Tow number and j the CoIumi number.
B;; fori=01o 191 and j =0 to 171 are bytes from the Scrambled Frames
B;; fori= 192 to 207 and j = 0 to 171 are bytes of the Parity of Outer Code
B;; for i =010 207 and j = 172 to 181 are bytes of the Parity of Inner Code
PI
< 172 bytes »>|< 10 bytes >
Boo B B,170 By 171 Bo.1m B 1s1
By, B By 170 B, a1 B1172 Bl 181
By By, B 170 BS 171 B2172 B{ 181
192
rOws
Bigoo Bigo 1 B 189,170 Bigo171 Bigo, 172 Bigh.1s1
B19o,0 Bioo,1 Bigo,170 | Bi9o,171 Bi9o.172 Bi9p,181
\ 4 B191,0 B191,1 B 191,170 Bior171 B 191,172 Bl9l,181
‘ B192,0 Bl92,1 B 192,170 B192,171 B o172 Biop 181
PO
16 rows
¢ Bao70 B, B 07,170 B 07,171 B7.172 Bygr.is1
o702
Figure 20 - ECC Block

The PO and PI bytes shall be obtained as follows.

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

207
R,(x) = ZBin207'i = L) x'®  mod Gpo)
=192
where

191
= L1914
L) ZE)Ble
=
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15

Gpo®) = IT (x + k)
k=0

In each of rows i = 0 to 207, the 10 PI bytes are defined by the remainder polynomial R.(x) to form the inner code
RS (182,172,11).
181
R(x)= 2B, x1819 = L()x10 mod Gp(x)
=172

where

17T

L) = 2 B,;x171d
=0

9
Gpy(x) = IT (x + o)
k=0

a. is the primitivg root of the primitive polynomial P(x) = x8 + x* + x3 + x2 + 1

19 Recording Frames

Sixteen Recording Frames shall be obtained by interleaving one of the 16 PO @ows at a time after every 12 rows of an ECC
Block (figure 21). This is achieved by re-locating the bytes B; Y of the ECC Black as B, , for

m=1Hint[i/12] and n=j fori<191
m=13|(i-191)-1 and n=j fori>192

where int[x] reppesents the largest integer not greater than x.

Thus the 37 85p bytes of an ECC Block are re-arranged idto 16 Recording Frames of 2 366 bytes. Each Recprding Frame
consists of an arpay of 13 rows of 182 bytes.
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20 Mo
The 8-bit byj
between 2 O]
be applied. T|
States. For e
encoded.

The 16-bit C

—_—

< 182 bytes >
T Boo | Bo.171 Boizz | | Boser
Recording
~
13 = ~  Frame
rows No. 0
Biio | o Biiir | B | | Brier
Bigng | oo Biozs71 | Biszazz | | Bioztsi
f Buog | oo Biz 171 Bio172 | | Bra11
| Reécording
~ ~
13 = ~ (\Frame
rows N¢. 1
Byso | o Byorr | Basirs | — | Bosred
B193,0 .......................................... B193,171 B193’172 B193,181
T Bugog | v 5180171 B180,172 | _____ | 5180’181
Recording
-~ ~ .
13 = - Frame
rows Nof 15
Bigro | oo B ot i71 Biota72 | B191,181
Bogro | crereree Bor171 | Baozazz | Bo7 181
97-0023-A

Figure 21 - Recording‘Frames obtained from an ECC Block

Hulation

es of each Recording Framesshall be transformed into 16-bit Code Words with the run lengt
NEs there shall be at least 2 ZEROs and at most 10 ZEROs (RLL 2,10). Annex G specifies the con
he Main Conversion table and the Substitution table specify a 16-bit Code Word for each 8-bit by
ch 8-bit byte, the tables indicate the corresponding Code Word, as well as the State for the next

de Words shall'be NRZI-converted into Channel bits before recording on the disk. (figure 22).

16 Channel bits
b-bit Code Words NRZ NRZI converted p
conversion Exclusive-OR >

h limitation that
version tables to
tes with one of 4
8-bit byte to be

ulses

T |«

T =1 channel clock period

Figure 22 - NRZI conversion

21 Physical Sectors

The structure of a Physical Sector is shown in figure 23. It shall consist of 13 rows, each comprising two Sync Frames. A Sync
Frame shall consist of a SYNC Code from table 4 and 1 456 Channel bits representing the first, respectively the second 91 8-bit
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bytes of a row of a Recording Frame. The first row of the Recording Frame is represented by the first row of the Physical
Sector, the second by the second, and so on.

Recording shall
by-row.

28

€ 32 P (456 Pt 32 P|t—— 1456 —P
1 svo SYs
SY1 SYS
SY2 SYS
SY3 SY5
SY4 SYs
SY1 SY6
13 SY2 SY6
rows SY3 SY6
SY4 SY6
SY1 SY7
SY2 SY7
SY3 SY7
v Sy4 SY7
<4— Sync Frame ——»|€4—<>—— Sync Frame —,

97-0025-A

Figure 23 - Physical Sector

start with the first Sync Frame of the firstirow, followed by the second Sync Frame of that row, apd so on 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 0000000000010001
SY1 = 0000010000000100 0000000000010001 / 0000010001000100 0000000000010001
SY2 = 0001000000000100 0000000000010001 / 0001000001000100 0000000000010001
SY3 = 0000100000000100 0000000000010001 / 0000100001000100 0000000000010001
SY4 = 0010000000000100 0000000000010001 / 0010000001000100 0000000000010001
SY5 = 0010001001000100 0000000000010001 / 0010001000000100 0000000000010001
SY6—001001T00T0000T00-000000000001T000T 0010000010000 T00000000000001000
SY7 = 0010010001000100 0000000000010001 / 0010010000000100 00000000000 HA00]
State 3 and State 4
Primary SYNC codes Secondary SY¥NC codes
(msb) (Isb)  (msb) (Isb)
SY0 = 1001001000000100 0000000000010001 / 1001001001000100-000000000001000{
SY1 = 1000010001000100 0000000000010001 / 1000010000000160 000000000001000{
SY2 = 1001000001000100 0000000000010001 / 1001000000000100 000000000001000{
SY3 = 1000001001000100 0000000000010001 / 1000001600000100 000000000001000{
SY4 = 1000100001000100 0000000000010001 / 1000160000000100 000000000001000{
SY5 = 1000100100000100 0000000000010001 / 1000000100000100 000000000001000{
SY6 = 1001000010000100 0000000000010001 / -£000000001000100 000000000001000{
SY7 = 1000100010000100 0000000000010001 /*<1000000010000100 000000000001000{

Suppress control of the d.c. component

To ensure a
Channel bit
kept as low a

The different

a.
b.

C.

Choice o
For the §

For the
either frd

In order to ug
start with thg
both streams
Primary and

reliable radial tracking and a reliable détection of the HF signals, the low frequency content
atterns should be kept as low as possible. In order to achieve this, the Digital Sum Value (DSV,
b possible. At the beginning of the modulation, the DSV shall be set to 0.

ways of diminishing the currentvalue of the DSV are as follows.
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 Word for all

bf the stream of
see 4.4) shall be

States

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

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

e these possibilities, two data streams, Stream 1 and Stream 2, are generated for each Sync Fram
Primary SYNC Code and Stream 2 with the Secondary SYNC Code of the same category of S
are’moedulated individually, they generate a different DSV because of the difference between the Y

b, Stream 1 shall
'YNC Codes. As
it patterns of the

pecondary 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 up to the 8-bit
byte preceding the 8-bit byte for which there is this choice. The stream with the lowest | DSV is 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 Stream 2. This
operation is repeated each time case b) or ¢) occurs.

Whilst case b) always occurs at the same pattern position in both streams, case ¢) 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 be 2 or 3 instead of 1 or 4. In that case the
following 3-step procedure shall be applied.

1)
2)

Compare the | DSV] s of both streams.

If the | DSV| of the stream in which case ¢) 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 8-bit byte is entered into
this stream and the other into the other stream.
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3) Ifthe|DSV| of the stream in which case ¢) has occurred is larger than that of the other stream, then case c) is ignored and
the 8-bit byte is represented according to the prescribed State.

In both cases b) and c), if the | DSV] s 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 occurred,
the DSV of the whole Sync Frame is computed and the stream with the lower | DSV is 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 vice
versa. If this yields a smaller | DSVI, the change is permanent, if the | DSVI is not smaller, the original SYNC Code is retained.

During the DSV computation, the actual values of the DSV may vary between -1000 and +1000, thus it is recommended that
the count range 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 Informatior] Zone shall be divided in three parts : the Lead-in Zone, the Data Zone and the Lead-out’Zone. In| SL disks and
in DL disks in PTP mode there is one Information Zone per layer. In DL disks in OTP mode, there is only onp Information
Zone extending [over two layers. In DL disks in OTP mode, the Information Zone has a Middle Zose in each laydr to allow the
read-out beam t¢ move from Layer 0 to Layer 1 (see figure 5b). The Data Zone is intended for the recording of Mpin Data. The
Lead-in Zone cqntains control information. The Lead-out Zone allows for a continuous smogdth read-out.

24 Layouyt of the Information Zone

The Informatior] Zone of SL disks and of DL disks in PTP mode shall be sub-diyided as shown in table 5. The valyie of the radii
indicated are th¢ nominal values of the first track of the first Physical Sector @nd that of the last track of the last Physical Sector
of a zone.

Table 5 - Layout of the Information Zone

Nominal radius Sector Number Number of
in mm of the first PRysical
Physical Sector S¢ctors
Lead-in Zone 22,6 max. to 24,0
Initial Zone
Reference Code|Zone (02F000) 32
Buffer Zone 1 (02F020) 180
Control Data Zdne (02F200) 3072
Buffer Zone 2 (02FE00) 512
Data Zone 24,0tory (030000)
Lead-out Zone 1) to 35,0 min. | r; to (r;+1,0) r; to 58,5
when when when
r,<34.0 34.0<r, <575 | 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 the beginning of the Data
Zone ( see dg in 10.6).

On SL disks, the Sector Number of the Physical Sectors increases by 1 for each Physical Sector (figure 24).

On DL disks in PTP mode, the Sector Number of the Physical Sectors increases by 1 for each Physical Sector. The Physical
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 (030000) to
the highest Sector Number on Layer 0. The first Sector Number on Layer 1 shall be derived from this highest Sector Number by
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inverting its bits, viz. changing from ZERO to ONE and vice versa. Further Sector Numbers on Layer 1 increase by 1 for each

Physical Sector (figure 26). The Physical Sector chosen to be that with the highest Sector Number in the Data 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 [ 7 |
sector Lead-in Zone Data Zone Lead-out Zone
number

!

’// Address

97-0026-A

(02FFFF)

e
(030000) > [Radius

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 Zoué Lead-out Zone
. o Layer 1
Physical fo Layer 0
sector .
Lead-in Zone Data Zone Lead-out Zone
number

!

[

97-0027-A

(02FFFF)

(030000) ——» Radius

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 — —
number Lead-out Zone Data Zone X Middle Zone
N SIS ] Layer 1
. Layer 0
Lead-in Zone Data Zone X———_ w

7

(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-jn Zone

The Lead-in Zonhe is the innermost zone of the Information Zone. It shall consist of the following parts (figure 27). The Sector
Number of the fjrst Physical Sector of each part is indicated in figure 27 inthéxadecimal and in decimal notation.

— Initial Zong
— Reference ode Zone,
— Buffer Zong 1,

—  Control Dafa Zone,

— Buffer Zong¢ 2.
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Initial Zone

In all Physical Sectors
the Main Data is set to (00)

Sector No.192 511 Sector No.(02EFFF)

Sector No.192 512 Sector No (02F0(0)
Reference Code Zone

32 Physical Sectors

Sector No. 192 544 Buffer Zone 1 Sector No.(02F0P0)
480 Physical Sectors
with the Main Data set to (00)
Sector No.193 024 Control Data Zone Sector No.(02F200)

3072 Physical Sectors

Sector No.196 096 Buffer Zong/2 Sector No.(02FEDO)
512 PhysicalSectors
with the Main"Data set to (00)
Sector No.196 608 Sector No.(030000)
Data Zone

PFigure 27 - Lead-in Zone

26.1 Initjal Zone
The Main D4ta of the Data Frames«eventually recorded as Physical Sectors in the Initial Zone shall have been(set to (00). This
International [Standard does not.spe¢ify the number of Physical Sectors in the Initial Zone. However, the Sectgr Number of the
first Physical|Sector of the Data.Zone is large enough so as to prevent a Sector Number 0 to occur in the Initial Zone.

26.2 Ref¢rence Code-Zone

The Referende Code Zone shall consist of the 32 Physical Sectors from two ECC Blocks which generate a spegific Channel bit
pattern on thp disk. ;Fhis shall be achieved by setting to (AC) all 2 048 Main Data bytes of each corresponding Data Frame.
Moreover, nd sérambling shall be applied to these Data Frames, except to the first 160 Main Data bytes of the [first Data Frame
of each ECC Btock (DCC atsoanmmex L}.
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 recorded as
Physical Sectors in this zone shall have been set to (00).

264 Buffer Zone 2

This zone shall consist of 512 Physical Sectors from 32 ECC Blocks. The Main Data of the Data Frames eventually recorded 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 ECC
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

26.5.1 Physics
This informatiof

14 x 2 048 bytes

Figure 28 - Structure of a Control Data Block

1 format information

| 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 maximuin/transfer rate 1
2 Disk structure 1
3 Recording density 1
4to15 Data:Zone allocation 12
16 BCA descriptor 1
17 to 31 Reserved 15
32 to 2 047 Reserved 2016

Byte 0 - Disk Category and Version Number

Bits b, to b3 shd
They shall be se
Bits by to by shg
These bits shall

Other settings af

11 specify the Version Number

L to 0001, indicating this International Standard
11 specify the Disk Category

be set t0-0000, indicating a read-only disk.

e prohibited by this International Standard.

Byte 1 - Disk size and maximum transfer rate

Bits b 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 b, to b5 shall specify the disk size
They shall be set to 0000, indicating a 120 mm disk

Other settings are prohibited by this International Standard.

34
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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 b, 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 bs and by shall specify the disk Type

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

if set to 01, th

ey specify Type C or Type D

Bit b, shall b
Other setting
Byte 3 - Rec
Bits b, to by
Bits by to b,

if set to 0000
if set to 0001

Other setting
Bytes 4 to 15
Byte 4 shall b
Bytes 5to 7 s
Byte 8 shall 1
Bytes 9to 11
Byte 12 shall|

Byte 13 to 15
of Layer 0 on

Byte 16 - BQ

This byte shajll specify whether opnot there is a Burst Cutting Area on the disk.

bits bo to b6 9
bit b, the BC

if set to ZER
if set to ONE]

e set to ZERO.
are prohibited by this International Standard.
prding density
shall specify the average track pitch, they shall be set to 0000, indicating an average'track pitch of]
bhall specify the average Channel bit length

they specify 0,133 pm
they specify 0,147 um

are prohibited by this International Standard.
- Data Zone allocation

e set to (00).
hall be set to (030000) to specify the Sector Number. 196 608 of the first Physical Sector of the D4
e set to (00).

shall specify the Sector Number of the last:Physical Sector of the Data Zone
be set to (00)

shall be set to (00) on SL diskssand DL disks in PTP mode, and to the Sector Number of the las
DL disks in OTP mode.

A descriptor

hall be set to ZERO
A flag, shall specify whether or not a BCA exists

D, it shallindicate that a BCA does not exist
it shallindicate that a BCA exists on a Type A or a Type C disk

On Type B apd T'ype D disks, bit; shall be set to ZERO.

Bytes 17 to 31

These bytes s

hall be set to (00).

Bytes 32 to 2 047

These bytes s
26.5.2 Disk

hall be set to (00).

manufacturing information

0,74 um

ta Zone

Physical Sector

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

interchange.
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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 be
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-out Zone
The Main Data of the Data Frames eventually recorded as Physical Sectors in the Lead-out Zone shall have been set to (00).

This Internationgl-Standard-does-not-specify-the-number-ofRhysical-Sectors-n-the-Lead-eut-Zone-
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Annex A

(normative)

Measurement of the angular deviation a

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

Recorded layer

Substraté

\ Entrancejsurface

Inci
96-0302-A neident beam /v Reflected beam

Figure A.1 < Angular deviation a

For measuring the angular deviation o, the disk shall be clamped between two concentric rings covering most fof the Clamping
Zone. The top clamping area shall have the sante-diameters as the bottom clamping area.

+0,5 mm
d;, = 22,3 mm

- 050 mm

+ 0,0 mm
dyy = 32,7 mm

- 0,5 mm

The total clamping force shall be /| = 2,0 N £ 0,5 N. In order to prevent warping of the disk under the poment of force
generated by [thé.clamping force and the chucking force F, exerted on the rim of the centre hole of the disk, F,|shall not exceed
0,5 N (figurelA2y—Fhis-measurement-shall-be-made-underthe-conditions-o
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4+ —r

15,00 mm min.
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Figure A.2 - Clamping and chucking conditions
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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 measured by
observing the ellipticity of the reflected light.

97-0008-A

Figure B.1 - Ellipse with ellipticity-¢ = b/a and orientation 6

The orientatipn 6 of the ellipse is determined by the orientation of the optical axis
0 -ly-n/a g

where } is the angle between the optical axis and the radial direction.

The ellipticity e = b/a is a function of the'phase retardation &

e=1fan B(% - 5}} (1)

When the phgse retardation d'is known the birefringence BR can be expressed as a fraction of the wavelength

BRY 5 nm (I1D)
21

Thus, by observing the elliptically polarized light reflected from the disk the hirefringence can be measnred and the orientation
of the optical axis can be assessed as well.

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 S of incidence in radial direction
relative to the radial plane perpendicular
to Reference Plane P 7,0°£0,2°
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Clamping and chucking conditions

Disk mounting

Rotation

Temperature and relative humidity

B.3

as specified by annex A
horizontally
less than 1 Hz

as specified in 8.1.1)

Example of a measuring set-up

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

/
/

Light from a las
the reflected lig
maximum value

2 _
e =1

Combining equd

BR =4

This device can

Lin 18 set t

— [m

in~ ]max

,% <4—— Photo detector

I
I
I
I
I
: <>/ €¢— Collimator lens
I
I
I

Disk ——» [

=

97-0007-A

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

br source, collimated into a polarizer ( extinctiontatio ~ 107 ), is made circular by a A/4 plate. Th,
ht is analyzed by a rotating analyzer and a photo detector. For every location on the disk, the min|
5 of the intensity are measured. The ellipticify can then be calculated as

/1

in max

tions II, III and IV yields

/4 - A/ m x arctan Jmin.
max

be easily calibrated as follows

0 by measuring a polarizer or a /4 plate,

wheén measuring a mirror

 ellipticity of
imum and the

Iv)

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 recorded layer. These a.c. reflectance effects are significant only
if the disk substrate has an extremely accurate flatness and if the light source has a high coherence.
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Annex C

(normative)

Measurement of the differential phase tracking error

Measuring method for the differential phase tracking error

The reference circuit for the measurement of the tracking error shall be that shown in figure C.1. Each output of the diagonal
pairs of elements of the quadrant photo detector shall be digitized independently after equalization of the wave form defined by

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

The gain of the comparators shall be sufficient to reach full saturation on the outputs, even with minimum si

Phases of the
and a time-la
of At;. A trag
means of a uj
kHz.

Special atten
indeed 1 % o

The average

where N is th

C.2

The relative
the C1 and

error amplityj

2

ATVE = T

where
Vpc is the an
T; is the actu:

nT is the wei

DI

digitized pulse signal edges (signals B1 and B2) shall be compared to each other to produce a tim
b signal C2. The phase comparator shall react to each individual edge with signal C1 or'C2, deper
king error signal shall be produced by smoothing the C1, C2 signals with low-pass filters and by
ity gain differential amplifier. The low-pass filters shall be 1st order filters with a cut-off frequen

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

ime difference between two signals from the diagonal pairs of elethents of the quadrant detector s

At=1/N QA

e number of edges both rising and falling.

Megsurement of At /T without time interval’analyzer

ime difference At /T is represented by theramplitude of the tracking error signal provided that t
2 signals and the frequency component '0f the read-out signals are normalized. The relation betw

le ATVE and the time difference is<given by

Zm

_ A

N

Vpc

—Vpc—

i n

plitude of the C1 and C2 signals
1 length of the read-out signal in the range 3T to 14T

pnal amplitudes.
e-lead signal C1
ding on the sign

substracting by
cy of (-3 dB) 30

to be measured,

nall be

he amplitudes of
een the tracking

bhted average value of the actual lengths

N n T 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 =At /T

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

0,5 (Vpe/n) < ATVE < 1,1 (Vpe/n)

at 0,1 um radial offset.

© ISO/IEC 2002 — All rights reserved
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C3

Calibration of the circuit

Assuming that Vpc equals ~ 5 V and that the measured value of n equals = 5 V, then the above relation between the tracking

error amplitude

ATVE and the time difference At can be simplified to

ATVE = At/T x Vpe/n ~ At/T

The average run length of the 8-to-16 modulated signal is depending on the data content and the averaging time. Therefore, the
circuit shall be calibrated with the fixed frequency signal corresponding to a modulated signal with 5T run length. For this
purpose sinusoidal signals with a frequency of 2,616 MHz can be used.

Typically the pulse signals C1 and C2 will be generated by a digital gate circuit with an output signal switching between ground
and the supply voltage. This voltage swing is assumed to be about 5 V. However, depending on the applied technology it may

significantly dey

1ate from 5 V.

Because the forinal specification for the DPD signal is

05< At/T<1,

the measuremer
procedure shall

I at 0,1 um radial offset,

t by means of ATVE is influenced by the actual value of Vpc and n. Thereféte the followis
hpply.

C.3.1 Saturdtion of the comparators

The gain of the
In this case the
comparators is i

C3.2 Corre(

Because the abg
to be determine

At/T =K x AT
This can be achi

Generate tw
equalizer ci

a.

b. Measure thg
K = [ At /T(inje
After the differe

[evel comparators shall be such, that for all actual input signal levels-(specially 3T signals) it rem
amplitude of the signal TVE is independent of the amplitude of the input signals, and the gai
h the saturation area (See figure C.2).

tion for » and Vpc

ve mentioned deviation of # and Vpc, and possibly ofisome other circuit parameters, a correctiof
|, such that

VE (measured)
eved as follows.

fo sinusoidal signals Al and A2 of frequency 2,616 MHz with a phase difference, and inject then
Fcuits.

relation between At /T and-AZVE and determine K from figure C.3

ted)] | [ ATVE (measured)]

ntial amplifier shown.in figure C.1, the addition of an amplifier of gain K to the measuring equi

DPD tracking etfror that adjusts the correction factor K, allows the measurement of At /T directly from the output.

g calibration

ains constant.
h of the level

1 factor K has

h into the two

pment for the
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A Signal A1l Equalizer Level Signal B1
| mp. H(S) Comparator
I a / \I bf—
1 dk JI c
| Am Signal A2 Equalizer Level Signal B2
p- H(S) Comparator
Signal C1 Low-pass
Filter
Phase Differential Sigmal TVE
Comparator Amp. (1X)
. ATVE
Signal C2 Low-pass
Filter /\ AWK
\ [\ \\ :
\/ \/ 0,1 pm
tracking error

Signal A1+

Signal A2

Signal B1

At; =positive

Signal B2

ﬁ//_

Signal C1 —» l

Signal C2 —»

z%z

]

97-0010-A

Figure C.1 - Circuit for tracking error measurements
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saturation area

o
k=
55
g5
S o
= .8
oo
22
Comparator input signal amplitude
igure C.2 - Comparator input signal amplitude vs tracking error signal amplitude
example of a
theoretical line\ / measured ligne
5,0 7
o
7
4,0 H
230
N
<
o
2,0
u
1,0
o
0
1 2 3 4 5 6 7
99-0088-A At/T
Figure C.3 - At/T vs ATVE
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D.1 Cal

Annex D

(normative)

Measurement of light reflectance

ibration method

ISO/IEC 16448:2002(E)

A good reference disk shall be chosen, for instance 0,6 mm glass disk with a golden reflective mirror. This reference disk shall

be measured

In this figure

I =in
r =re
R, =m

int =ot
Ry =m
Ry/=r+R A

by a parallel beam as shown in figure D.1

ot
=

I

97-0013-A

Figure D.1 - Reflectance calibration

the following applies.

tident beam

flectance of the entrance surface

hin reflectance of the recorded layer

her reflectances of thé entrance surface and of the recorded layer
pasured value, using the arrangement of figure D.1

R

int

r=((n-1)/(

+ M2 where z is the refraction index of the substrate

Ry=Ry/-1-Riy

Rg=1[ (1-r)?

The reference disk shall be measured on a reference drive and I

x(Ry-1]/ [1-rx(2-Ry]

mirror

determined above.

measured by the focused beam is equated to Ry as

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.

D.2 Measuring method

The measuring method comprises the following steps.

a. Measure the reflective light power Dg from the reference disk with calibrated reflectivity Ry

© ISO/IEC 200
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b. Measure /4 in the Information Zone of the disk (see 13.2).

c. Calculate the reflectivity as follows

1
Rigpr = Ry x—2H

N
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The device used for centring the disk for measurement shall be a cone with a taper angle B = 40,0°+ 0,5° (see figure E.1).

Annex E

(normative)

Tapered cone for disk clamping

ISO/IEC 16448:2002(E)

97-0014-A

p

Figure E.1 - Tapered cone

Entrance surface
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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.

F.1  System-diagram for jitter measurement
The general sysfem diagram for jitter measurement shall be as shown in figure F.1.
HF-signal f
a.c. coupling EQ Pk
Quadrant
photo
detectpr
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

48

Figure F.1 - General diagram for jitter measurement
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F.2  Open loop transfer function for PLL
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The open-loop transfer function for the PLL shown in figure F.1 shall be as shown in figure F.2

Gain (dB)

4

A

-40 dB/decade

F.3 Slic
The slicer shg

F4 Con

The bandwid
distortion.

Low-pass filt
Example of 3

H(z)=1,35

Filtering and

—  Gain varj
—  Group dg
—  (Gain at

Cr

11 be a feed-back auto-slicer with a -3 dB closed-loop bandwidth of 5 kHz, 1st order integrating

0dB

96-0303-A

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

-20 dB/decade

.

6000 9000

ditions for measurement

» Frequency (Hz)

th of the pre-amplifier of the photo detector shall be greater than 20 MHz in order to prevent group-delay

er - 6th order Bessel filter, f, (-3dB) = 8,2 MHz

h analogue equalizer : 3-tap'transversal filter with transfer function

p.093 _ 0,175 (1 +Z—4,186)

equalization

ation : 1 'dB max. (below 7 MHz)
lay variation : 3 ns max. (below 6,5 MHz)
5,0 MHz - Gain at 0 Hz) = 3,2 dB £ 0,3 dB

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

Correction of the angular deviation : only d.c. deviation.

© ISO/IEC 2002 — All rights reserved
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F.5 Measurement

The jitter of all

Under this meas

6
4 —
2 / \\
~ 0 M/
2 I — N
=
3 2 — AN
\ \
-4
3 I EEEPREY EQ only
—— LPF6th
= EQ +LPF
-8
-10
0 2 4 6 8 10
Frequency (MHz)

96-0304-A

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

eading and trailing edges over one rotation shall be measured.

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

(normative)

8-to-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()

Conversion table
State S(7) Next State S(#+1)

v

Memory,

Figure G.1 - Code“Words generation
In this figure|:

X(f)=H {B(?), S(¥)} X15(¢) = msb and X(¢) = Isb
S(t+1) =G{B(?), S(2)}

H is the output function

G is the next-state functien.

The Code Words leaving the States,shall be chosen so that the concatenation of Code Words entering a State and those leaving
that State satisfy the requiremenit that between two ONEs 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 Words leaving State 3 bit X 5 or bit X; 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(?) Next State S(z+1) Code Word X(#+1)
Ends with 1 or no trailing ZERO State 1 Starts with 2 or up to 9 leading ZEROs
Ends with 2 or up to 5 trailing ZEROs State 2 Starts with 1 or up to 5 leading ZEROs, and
X5+ 1) Xa(r+1) = 0.0
Ends with 2 or up to 5 trailing ZEROs State 3 Starts with none or up to 5 leading ZEROs, and
Xq5(H1),X5(t+1) # 0,0
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 flecoding the recorded data, knowledge about the encoder is required to be able to reconstitute theforiginal main

Data.

B(r) =H! {X(1), S(1)}

Because of the| involved error propagation, such state-dependent decoding is to-be“avoided. In the case of this 8-to-16
modulation, the [conversion tables have been chosen in such a way that knowledge about the State is not required In most cases.
As can be gathefed from the tables, in some cases, two 8-bit bytes, for instance the 8-bit bytes 5 and 6 in States 1 and 2 in table
G.1, generate the same 16-bit Code Words. The construction of the tables-atlows to solve this apparent ambigujty. Indeed, if
two identical Cqde Words leave a State, one of them goes to State 2 andthe\other to State 3. Because the setting of bits X5 and
X5 is always diffferent in these two States, any Code Word can be uniquely decoded by analysing the Code Word |tself together

with bits X5 anfd X5 of the next Code Word :

B(t)=H! { X(®), Xi5(t+1), X5(t+1) §

In the tables, thq 8-bit bytes are identified by their decimal value.

52
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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 Isb | State [ msb Isb | State| msb Isb |State| msb Isb |State
0 0010000000001001 1 0100000100100000 2 0010000000001001 1 0100000100100000 2
1 0010000000010010 1 0010000000010010 1 1000000100100000 3 1000000100100000 3
2 0010000100100000 2 0010000100100000 2 1000000000010010 1 1000000000010010 1
3 0010000001001000 2 0100010010000000 4 0010000001001000 2 0100010010000000 4
4 0010000010010000 2 0010000010010000 2 1000000100100000 2 1000000100100000 2
5 0010000000100100 2 0010000000100100 2 1001001000000000 4 100100 100p000000 4
6 0010000000100100 3 0010000000100100 3 1000100100000000 4 1000100,/0p000000 4
7 0010000001001000 3 0100000000010010 1 0010000001001000 3 010060000p010010 1
8 0010000010010000 3 0010000010010000 3 1000010010000000 4 190001001p000000 4
9 0010000100100000 3 0010000100100000 3 1001001000000001 1 100100100p000001 1
10 0010010010000000 4 0010010010000000 4 1000100100000001 1 100010010p000001 1
| 1 0010001001000000 4 0010001001000000 4 1000000010010006 3 100000001p010000 3
2 0010010010000001 1 0010010010000001 1 1000000010010000 2 100000001p010000 2
3 0010001001000001 1 0010001001000001 1 1000010016000001 1 100001001p000001 1
[ 4 0010000001001001 1 0100000000100100 3 0010000001001001 1 010000000p100100 3
[ 5 0010000100100001 1 0010000100100001 1 1000001001000001 1 100000100{1000001 1
6 0010000010010001 1 0010000010010001 1 1,000000100100001 1 100000010p100001 1
| 7 0010000000100010 1 0010000000100010 1 1000001001000000 4 100000100{1000000 4
[ 8 0001000000001001 1 0100000010010000 2 0001000000001001 1 010000001p010000 2
[ 9 0010000000010001 1 0010000000010001 1 1001000100000000 4 100100010p000000 4
DO 0001000000010010 1 0001000000010010 1 1000100010000000 4 100010001p000000 4
D | 0000100000000010 1 00001000000000L0 1 1000000010010001 1 100000001p010001 1
D2 0000010000000001 1 0000010000000001 1 1000000001001001 1 100000000{1001001 1
D3 0010001000100000 2 0010001000100000 2 1000000001001000 2 100000000{1001000 2
D4 0010000100010000 2 0010000100010000 2 1000000001001000 3 100000000{1001000 3
D5 0010000010001000 2 0100000000100100 2 0010000010001000 2 010000000p100100 2
D6 0010000001000100 2 0010000001000100 2 1000000000100010 1 100000000p100010 1
D7 0001000100100000 2 0001000100100000 2 1000000000010001 1 100000000p010001 1
D8 0010000000001000 2 0100000010010000 3 0010000000001000 2 010000001p010000 3
DO 0001000010010000. 2 0001000010010000 2 1001001000000010 1 100100100p000010 1
BO 0001000001001600 2 0100000100100000 3 0001000001001000 2 010000010p100000 3
B 1 0001000000100100 2 0001000000100100 2 1001000100000001 1 100100010p000001 1
B2 0001000000000100 2 0001000000000100 2 1000100100000010 1 100010010p000010 1
B3 00010006000000100 3 0001000000000100 3 1000100010000001 1 100010001p000001 1
B4 0001000000100100 3 0001000000100100 3 1000000000100100 2 100000000p100100 2
B 5 0001000001001000 3 0100001001000000 4 0001000001001000 3 010000100f1000000 4
B6 0001000010010000 3 0001000010010000 3 1000000000100100 3 100000000p100100 3
R7 0001000100100000. 3 0001000100100000. 3 1000010001000000 4 1000010001 000000 4
38 0010000000001000 3 0100100100000001 1 0010000000001000 3 0100100100000001 1
39 0010000001000100 3 0010000001000100 3 1001000010000000 4 1001000010000000 4
40 0010000010001000 3 0100010010000001 1 0010000010001000 3 0100010010000001 1
41 0010000100010000 3 0010000100010000 3 1000010010000010 1 1000010010000010 1
42 0010001000100000 3 0010001000100000 3 1000001000100000 2 1000001000100000 2
43 0010010001000000 4 0010010001000000 4 1000010001000001 1 1000010001000001 1
44 0001001001000000 4 0001001001000000 4 1000001000100000 3 1000001000100000 3
45 0000001000000001 1 0100010001000000 4 1000001001000010 1 0100010001000000 4
continued
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Table G.1 - Main Conversion Table (continued)

8-bit State 1 State 2 State 3 State 4
byte Code Word Next Code Word Next Code Word Next Code Word Next
msb Isb | State | msb Isb | State| msb Isb | State| msb Isb | State

46 0010010010000010 1 0010010010000010 1 1000001000100001 1 1000001000100001 1
47 0010000010001001 1 0100001001000001 1 0010000010001001 1 0100001001000001 1
48 0010010001000001 1 0010010001000001 1 1000000100010000 2 1000000100010000 2
49 0010001001000010 1 0010001001000010 1 1000000010001000 2 1000000010001000 2
50 0010001000100001 1 0010001000100001 1 1000000100010000 3 1000000100010000 3
51 0001000001001001 1 0100000100100001 1 0001000001001001 1 01000001061(0001 1
52 0010000100100010 1 0010000100100010 1 1000000100100010 1 10000001001(G0010 1
53 0010000100010001 1 0010000100010001 1 1000000100010001 1 10000004+000140001 1
54 0010000010010010 1 0010000010010010 1 1000000010010010 1 10000000100140010 1
55 0010000001000010 1 0010000001000010 1 1000000010001001 1 10000000100Q1001 1
56 0010000000100001 1 0010000000100001 1 1000000001000010 1 10000000010G0010 1
57 0000100000001001 1 0100000010010001 1 0000100000001001 1 01000000100140001 1
58 0001001001000001 1 0001001001000001 1 1000000000100001 1 10000000001Q0001 1
59 0001000100100001 1 0001000100100001 1 0100000001004001 1 01000000010Q1001 1
60 0001000010010001 1 0001000010010001 1 1001001000016010 1 1001001000010010 1
61 0001000000100010 1 0001000000100010 1 1001001006001001 1 10010010000Q1001 1
62 0001000000010001 1 0001000000010001 1 1001000100000010 1 1001000100000010 1
63 0000100000010010 1 0000100000010010 1 1000000001000100 2 1000000001000100 2
64 0000010000000010 1 0000010000000010 1 0100000001001000 2 01000000010Q1000 2
65 0010010000100000 2 0010010000100000 2 1000010000100000 2 1000010000130000 2
66 0010001000010000 2 0010001000010000 2 1000001000010000 2 1000001000010000 2
67 0010000100001000 2 0100000000100010. 1 0010000100001000 2 01000000001(0010 1
68 0010000010000100 2 001000001000Q1060 2 1000000100001000 2 10000001000(01000 2
69 0010000000010000 2 00100000000:10000 2 1000000010000100 2 1000000010000100 2
70 0001000010001000 2 0100001000100000 2 0001000010001000 2 01000010001(30000 2
71 0001001000100000 2 0001001000100000 2 0100000010001000 2 01000000100(01000 2
72 0001000000001000 2 0100000100010000 2 0001000000001000 2 0100000100010000 2
73 0001000100010000 2 0001000100010000 2 1000000001000100 3 1000000001000100 3
74 0001000001000100 2 0001000001000100 2 0100000001001000 3 01000000010Q1000 3
75 0000100100100000 2 0000100100100000 2 1000010000100000 3 1000010000130000 3
76 0000100010010000 2 0000100010010000 2 1000001000010000 3 1000001000010000 3
77 00001000010040Q0 2 0100000001000100 2 0000100001001000 2 0100000001000100 2
78 0000100000160100 2 0000100000100100 2 1000000100001000 3 10000001000(1000 3
79 0000100000000100 2 0000100000000100 2 1000000010000100 3 10000000100¢30100 3
80 00001'00000000100 3 0000100000000100 3 0100000010001000 3 01000000100(1000 3
81 0000100000100100 3 0000100000100100 3 1000100001000000 4 1000100001030000 4
82 0000100001001000 3 0100000001000100 3 0000100001001000 3 0100000001000100 3
83 0000100010010000. 3 0000100010010000. 3 1000000010001000 3 1000000010001000 3
84 0000100100100000 3 0000100100100000 3 1001001001001000 2 1001001001001000 2
85 0001000000001000 3 0100000100010000 3 0001000000001000 3 0100000100010000 3
86 0001000001000100 3 0001000001000100 3 1001001000100100 2 1001001000100100 2
87 0001000010001000 3 0100001000100000 3 0001000010001000 3 0100001000100000 3
88 0001000100010000 3 0001000100010000 3 1001001001001000 3 1001001001001000 3
89 0001001000100000 3 0001001000100000 3 1001000010000001 1 1001000010000001 1
90 0010000000010000 3 0010000000010000 3 1000100100010010 1 1000100100010010 1
91 0010000010000100 3 0010000010000100 3 1000100100001001 1 1000100100001001 1
92 0010000100001000 3 0100000000010001 1 0010000100001000 3 0100000000010001 1
93 0010001000010000 3 0010001000010000 3 1000100010000010 1 1000100010000010 1
94 0010010000100000 3 0010010000100000 3 1000100001000001 1 1000100001000001 1
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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 Isb |State| msb Isb |State| msb Isb |State| msb Isb |State
95 0000001000000010 1 0100100100000010 1 1000010010010010 1 0100100100000010 1
96 0000000100000001 1 0100100010000001 1 1000010010001001 1 0100100010000001 1
97 0010010010001001 1 0100010000100000 2 0010010010001001 1 0100010000100000 2
98 0010010010010010 1 0010010010010010 1 1001001000000100 2 1001001000000100 2
99 0010010001000010 1 0010010001000010 1 1001001000100100 3 1001001000100100 3
00 0010010000100001 1 0010010000100001 1 1000010001000010 1 100001000[1000010 1
01 0010001001001001 1 0100010010000010 1 0010001001001001 1 010001001p000010 1
02 0010001000100010 1 0010001000100010 1 1000010000100001 1 100001000p100001 1
03 0010001000010001 1 0010001000010001 1 1000001001001001 1 190000100(1001001 1
04 0010000100010010 1 0010000100010010 1 1000001000100010 1 100000100p100010 1
05 0010000010000010 1 0010000010000010 1 1000001000010001 1 100000100p010001 1
06 0010000100001001 1 0100001000010000 2 0010000100001001 1 010000100p010000 2
07 0010000001000001 1 0010000001000001 1 1000000100010010 1 100000010p010010 1
08 0001001001000010 1 0001001001000010 1 1000000100001001 1 100000010p001001 1
09 0001001000100001 1 0001001000100001 1 1000000016600010 1 100000001p000010 1
10 0001000100100010 1 0001000100100010 1 1000000001000001 1 100000000{1000001 1
11 0001000100010001 1 0001000100010001 1 0100000010001001 1 010000001p001001 1
12 0001000010010010 1 0001000010010010 1 1001001001001001 1 100100100f1001001 1
13 0001000001000010 1 0001000001000010 ! 1001001000100010 1 100100100p100010 1
14 0001000010001001 1 0100010000100000 3 0001000010001001 1 010001000p100000 3
15 0001000000100001 1 0001000000100001 1 1001001000010001 1 100100100p010001 1
16 0000100100100001 1 000010010010000.1 1 1001000100010010 1 100100010p010010 1
17 0000100010010001 1 000010001001T0001 1 1001000100001001 1 100100010p001001 1
18 0000100001001001 1 0100010004+000001 1 0000100001001001 1 010001000{1000001 1
19 0000100000100010 1 00001.00000100010 1 1000100100100100 2 100010010p100100 2
20 0000100000010001 1 0000100000010001 1 1000100100000100 2 100010010p000100 2
21 0000010000001001 1 0100001001000010 1 0000010000001001 1 010000100[1000010 1
22 0000010000010010 1 0000010000010010 1 1000100000100000 2 100010000p100000 2
23 0010010010000100 2 0010010010000100 2 1000010010000100 2 100001001p000100 2
24 0010010000010000. 2 0010010000010000 2 1000010000010000 2 100001000p010000 2
25 0010001000001600 2 0100001000100001 1 0010001000001000 2 010000100p100001 1
26 001000100¥000100 2 0010001001000100 2 1000001001000100 2 100000100{1000100 2
27 0001000100001000 2 0100000100100010 1 0001000100001000 2 010000010p100010 1
28 0010000100100100 2 0010000100100100 2 1000001000001000 2 100000100p001000 2
29 0000100010001000 2 0100000100010001 1 0000100010001000 2 010000010p010001 1
30 0010000100000100 2 0010000100000100 2 1000000100100100 2 100000010p100100 2
31 0010000000100000 2 0010000000100000 2 1001001000000100 3 100100100p000100 3
132 0001001000010000. 2 0001001000010000. 2 1000100100100100 3 100010010D100100 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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Table G.1 - Main Conversion Table (continued)

8-bit State 1 State 2 State 3 State 4
byte Code Word Next Code Word Next Code Word Next Code Word Next
msb Isb |State| msb Isb |State| msb Isb |State| msb Isb | State

144 0000010001001000 3 0100000010000100 2 0000010001001000 3 0100000010000100 2
145 0000010010010000 3 0000010010010000 3 1001000001000000 4 1001000001000000 4
146 0000100000001000 3 0100000000010000 2 0000100000001000 3 0100000000010000 2
147 0000100001000100 3 0000100001000100 3 1000000000100000 2 1000000000100000 2
148 0000100010001000 3 0100000010000100 3 0000100010001000 3 0100000010000100 3
149 0000100100010000 3 0000100100010000 3 1000000000100000 3 10000000001 (30000 3
150 0001000000010000 3 0001000000010000 3 0100000100001000 3 0100000100001000 3
151 0001000010000100 3 0001000010000100 3 1000000001000000 4 10000000010(30000 4
152 0001000100001000 3 0100001000010000 3 0001000100001000 3 0106001000010000 3
153 0001001000010000 3 0001001000010000 3 1001000001000001 1 10010000010Q0001 1
154 0010000000100000 3 0010000000100000 3 0100000100001000 2 01000001000(1000 2
155 0010000100000100 3 0010000100000100 3 1001000100100100 3 1001000100130100 3
156 0010000100100100 3 0010000100100100 3 10001001001000 KO 1 10001001001Q0010 1
157 0010001000001000 3 0100000000100001 1 0010001000004000 3 01000000001(0001 1
158 0010001001000100 3 0010001001000100 3 1000100100006100 3 01001001000(30000 4
159 0010010000010000 3 0010010000010000 3 1001001001000100 2 1001001001000100 2
160 0010010010000100 3 0010010010000100 3 1001001000001000 2 10010010000(01000 2
161 0000001000010010 1 0100000000010000 3 1000100100010001 1 0100000000010000 3
162 0000001000001001 1 0100100100100100 2 1000100010010010 1 0100100100190100 2
163 0000000100000010 1 0100100100100100 3 1000100010001001 1 0100100100130100 3
164 0000000010000001 1 0100100100010010 1 1000100001000010 1 0100100100010010 1
165 0010010010010001 1 0010010010010001 1 1001000100100100 2 1001000100190100 2
166 0010010000100010 1 001001000010Q010 1 1001000100000100 2 1001000100000100 2
167 0010010001001001 1 0100100100000100 2 0010010001001001 1 0100100100000100 2
168 0010010000010001 1 0010010000010001 1 1001001001000100 3 1001001001000100 3
169 0010001000010010 1 0010001000010010 1 1000100000100001 1 10001000001Q0001 1
170 0010000100000010 1 004/0000100000010 1 1000010010010001 1 1000010010010001 1
171 0010001000001001 1 0100100000100000 3 0010001000001001 1 01001000001(30000 3
172 0010000010000001 1 0010000010000001 1 1000010001001001 1 10000100010Q1001 1
173 0001001000100010 1 0001001000100010 1 1000010000100010 1 10000100001Q0010 1
174 0001001000010001 1 0001001000010001 1 1000010000010001 1 1000010000010001 1
175 0001000100010010 1 0001000100010010 1 1000001000010010 1 1000001000010010 1
176 0001000010000010 1 0001000010000010 1 1000001000001001 1 10000010000¢1001 1
177 0001001004001001 1 0100100010000010 1 0001001001001001 1 010010001000010 1
178 0001.000001000001 1 0001000001000001 1 1000000100000010 1 10000001000G0010 1
179 0000100100100010 1 0000100100100010 1 1000000010000001 1 10000000100¢0001 1
180 0000100100010001 1 0000100100010001 1 0100100100001001 1 01001001000Q1001 1
181 0001000100001001 1 0100100000100000. 2 0001000100001001 1 0100100000100000 2
182 0000100010010010 1 0000100010010010 1 0100010010001001 1 0100010010001001 1
183 0000100001000010 1 0000100001000010 1 0100001001001001 1 0100001001001001 1
184 0000100010001001 1 0100010010000100 3 0000100010001001 1 0100010010000100 3
185 0000100000100001 1 0000100000100001 1 1001000000100000 2 1001000000100000 2
186 0000010010010001 1 0000010010010001 1 1000100100001000 2 1000100100001000 2
187 0000010000100010 1 0000010000100010 1 1000100010000100 2 1000100010000100 2
188 0000010001001001 1 0100100001000001 1 0000010001001001 1 0100100001000001 1
189 0000010000010001 1 0000010000010001 1 1000100000010000 2 1000100000010000 2
190 0000001001001000 2 0100010010000100 2 1000010010001000 2 0100010010000100 2
191 0000001000100100 2 0100010000010000 2 1000010001000100 2 0100010000010000 2
192 0000001000000100 2 0100001001000100 2 1000010000001000 2 0100001001000100 2
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Table G.1 - Main Conversion Table (continued)

ISO/IEC 16448:2002(E)

8-bit State 1 State 2 State 3 State 4
byte Code Word Next Code Word Next Code Word Next Code Word Next
msb Isb [State| msb Isb |State| msb Isb |State| msb Isb | State

193 0010010010001000 2 0100010000010000 3 0010010010001000 2 0100010000010000 3
194 0010010001000100 2 0010010001000100 2 1000001001001000 2 1000001001001000 2
195 0010010000001000 2 0100010010010010 1 0010010000001000 2 0100010010010010 1
196 0010001000100100 2 0010001000100100 2 1000001000100100 2 1000001000100100 2
197 0010001000000100 2 0010001000000100 2 1000001000000100 2 1000001000000100 2
198 0010001001001000 2 0100010001000010 1 0010001001001000 2 010001000[1000010 1
199 0001001001000100 2 0001001001000100 2 0100001000001000 2 010000100p001000 2
200 0001000100100100 2 0001000100100100 2 1001000000100000 3 100,60000p100000 3
201 0001000100000100 2 0001000100000100 2 1000100100001000 3 190010010p001000 3
202 0001001000001000 2 0100010000100001 1 0001001000001000 2 010001000p100001 1
203 0001000000100000 2 0001000000100000 2 1000100010000100 3 100010001p000100 3
204 0000100010000100 2 0000100010000100 2 1000010010001006 3 100001001p001000 3
205 0000100000010000 2 0000100000010000 2 1000010001000 100 3 100001000{1000100 3
206 0000100100001000 2 0100001000100010 1 0000100100001000 2 010000100p100010 1
207 0000010010001000 2 0100001000010001 1 0000010016601000 2 010000100p010001 1
208 0000010001000100 2 0000010001000100 2 1000001000100100 3 100000100p100100 3
209 0000010000001000 2 0100000100010010 1 0000010000001000 2 010000010p010010 1
10 0000001000000100 3 0100000010000010 1 1000010000001000 3 010000001p000010 1
411 0000001000100100 3 0100000100100100 2 1000001001001000 3 010000010p100100 2
412 0000001001001000 3 0100000100000100 2 1000001000000100 3 010000010p000100 2
413 0000010000001000 3 0100000001000001 1 0000010000001000 3 010000000{1000001 1
114 0000010001000100 3 000001000100041'00 3 0100001000001000 3 010000100p001000 3
415 0000010010001000 3 0100000000100000 2 0000010010001000 3 010000000p100000 2
116 0000100000010000 3 0000100000010000 3 1001001000010000 3 100100100p010000 3
17 0000100010000100 3 0000100010000100 3 1001000100000100 3 100100010p000100 3
418 0000100100001000 3 0100000100000100 3 0000100100001000 3 010000010p000100 3
419 0001000000100000 3 0001000000100000 3 0100000100001001 1 010000010p001001 1
220 0001000100000100 3 0001000100000100 3 1001001000010000 2 100100100p010000 2
221 0001000100100100 3 0001000100100100 3 1001000100001000 2 100100010p001000 2
222 0001001000001000. 3 0100000100100100 3 0001001000001000 3 010000010p100100 3
223 0001001001000100 3 0001001001000100 3 1001001000001000 3 100100100p001000 3
224 0010001000000100 3 0010001000000100 3 1000100000010000 3 100010000p010000 3
225 0010001000100100 3 0010001000100100 3 1001001001000010 1 100100100{1000010 1
226 0010001:001001000 3 0100001001000100 3 0010001001001000 3 010000100[1000100 3
27 0010010000001000 3 0100100100000100 3 0010010000001000 3 010010010p000100 3
228 0010010001000100 3 0010010001000100 3 1001000100001000 3 100100010p001000 3
229 0010010010001000 3 0100000000100000 3 0010010010001000 3 010000000p100000 3
130 0010000001000000. 4 0010000001000000. 4 1001001000100001 1 100100100D0100001 1
231 0000001001001001 1 0100100100100010 1 1001000100100010 1 0100100100100010 1
232 0000001000100010 1 0100100010000100 2 1001000100010001 1 0100100010000100 2
233 0000001000010001 1 0100100000010000 2 1001000010010010 1 0100100000010000 2
234 0000000100010010 1 0100000001000000 4 1001000010001001 1 0100000001000000 4
235 0000000100001001 1 0100100100010001 1 1001000001000010 1 0100100100010001 1
236 0000000010000010 1 0100100010010010 1 1001000000100001 1 0100100010010010 1
237 0000000001000001 1 0100100001000010 1 1000100100100001 1 0100100001000010 1
238 0010010000010010 1 0010010000010010 1 1000100010010001 1 1000100010010001 1
239 0010001000000010 1 0010001000000010 1 1001000010000100 3 1001000010000100 3
240 0010010000001001 1 0100100010000100 3 0010010000001001 1 0100100010000100 3
241 0010000100000001 1 0010000100000001 1 1001000010000100 2 1001000010000100 2
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Table G.1 - Main Conversion Table (concluded)

8-bit State 1 State 2 State 3 State 4
byte Code Word Next Code Word Next Code Word Next Code Word Next
msb Isb | State| msb Isb | State| msb Isb | State| msb Isb | State
242 0001001000010010 1 0001001000010010 1 1000000010000000 4 1000000010000000 4
243 0001000100000010 1 0001000100000010 1 1000100001001001 1 1000100001001001 1
244 0001001000001001 1 0100100000100001 1 0001001000001001 1 0100100000100001 1
245 0001000010000001 1 0001000010000001 1 1000100000100010 1 1000100000100010 1
246 0000100100010010 1 0000100100010010 1 1000100000010001 1 1000100000010001 1
247 0000100010000010 1 0000100010000010 1 1000010000010010 1 1000010000010010 1
248 0000100100001001 1 0100010010010001 1 0000100100001001 1 0100010010040001 1
249 0000100001000001 1 0000100001000001 1 1000010000001001 1 10000100000¢1001 1
250 0000010010010010 1 0000010010010010 1 1000001000000010 1 1006001000000010 1
251 0000010001000010 1 0000010001000010 1 1000000100000001 1 1000000100000001 1
252 0000010010001001 1 0100010000100010 1 0000010010001001 1 0100010000100010 1
253 0000010000100001 1 0000010000100001 1 0100100010001001 1 0100100010001001 1
254 0000001001000100 2 0100010000010001 1 1001000000010000 2 0100010000010001 1
255 0000001000001000 2 0100001000010010 1 10001001000 16000 2 0100001000010010 1
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Table G.2 - Substitution table (continued)

ISO/IEC 16448:2002(E)

8-bit State 1 State 2 State 3 State 4
byte Code Word Next Code Word Next Code Word Next Code Word Next
msb Isb | State [ msb Isb | State| msb Isb | State| msb Isb | State
0 0000010010000000 4 0000010010000000 4 0100100001001000 2 0100100001001000 2
1 0000100100000000 4 0000100100000000 4 0100100001001000 3 0100100001001000 3
2 0001001000000000 4 0001001000000000 4 0100100000001001 1 0100100000001001 1
3 0000001001000000 4 0100010000000001 1 1000001000000000 4 0100010000000001 1
4 0000000100100000 3 0100100000000010 1 1001000000000100 3 010010000p000010 1
5 0000000010010000 3 0100001000000000 4 1001000000100100 3 010000100p000000 4
6 0000000001001000 3 0100100000000100 2 1001000001001000 3 0100+0000p000100 2
7 0000000001001000 2 0100000100000000 4 1001000000000100 2 0406000010p000000 4
8 0000000010010000 2 0100100010010000 3 1001000000100100 2 010010001p010000 3
9 0000000100100000 2 0100100000100100 2 1001000001001000 2 010010000p100100 2
10 0000010001000000 4 0000010001000000 4 1001001001000006 4 100100100{1000000 4
| 1 0000100010000000 4 0000100010000000 4 1000100001004 000 3 100010000{1001000 3
[ 2 0001000100000000 4 0001000100000000 4 0100010004001000 3 010001000j1001000 3
3 0010001000000000 4 0010001000000000 4 1000100000000100 3 100010000p000100 3
[ 4 0000001000100000 3 0100100000000100 3 1001000010010000 3 010010000p000100 3
[ 5 0000000100010000 3 0100100010010000 2 1,001.000100100000 3 010010001p010000 2
6 0000000010001000 3 0100001000000001 1 0100100000001000 3 010000100p000001 1
| 7 0000000001000100 3 0100010000000010 ! 0100100010001000 3 010001000p000010 1
[ 8 0000000001000100 2 0100100000100100 3 1001000010010000 2 010010000p100100 3
19 0000000010001000 2 0100100100100000 3 1001000100100000 2 010010010p100000 3
D0 0000000100010000 2 0100100100100000 2 0100010001001000 2 010010010p100000 2
D 1 0000001000100000 2 010010000001T0010 1 0100100000001000 2 010010000p010010 1
D2 0000010010000001 1 0000010016000001 1 1000100000100100 3 100010000p100100 3
D3 0000100100000001 1 0000100100000001 1 1000100010010000 3 100010001p010000 3
D4 0001001000000001 1 0001001000000001 1 0100100010001000 2 010010001p001000 2
D 5 0010010000000001 1 0010010000000001 1 1000100000000100 2 100010000p000100 2
D6 0000000001001001 1 0100010000000100 3 1000010000000001 1 010001000p000100 3
D7 0000000010010001 1 0100000100000001 1 1000100000000010 1 010000010p000001 1
D8 000000010010000% 1 0100010000000100 2 1001000000001001 1 010001000p000100 2
DO 0000001001000004 1 0100001000000010 1 1001000000010010 1 010000100p000010 1
BO 0000100001000000 4 0000100001000000 4 1000100000100100 2 100010000p100100 2
B 1 000100001M0600000 4 0001000010000000 4 1000100001001000 2 100010000{1001000 2
B2 0010000100000000 4 0010000100000000 4 0100010000001001 1 010001000p001001 1
B3 0000010000100000 3 0000010000100000 3 0100100001001001 1 010010000{1001001 1
B4 0000001000010000 3 0100010000010010 1 1000100100100000 3 010001000p010010 1
B 5 0000000100001000 3 0100100000010001 1 1001000000001000 3 010010000p010001 1
RG 0000000010000100. 3 0100000010000000. 4 1001000001000100 3 0100000010000000 4
37 0000010000100000 2 0000010000100000 2 1000001000000001 1 1000001000000001 1
38 0000000010000100 2 0100010000100100 3 1000100010010000 2 0100010000100100 3
39 0000000100001000 2 0100010000100100 2 1000100100100000 2 0100010000100100 2
40 0000001000010000 2 0100100000100010 1 1001000000001000 2 0100100000100010 1
41 0000010001000001 1 0000010001000001 1 1000010000000010 1 1000010000000010 1
42 0000010010000010 1 0000010010000010 1 1000000100000000 4 1000000100000000 4
43 0000100010000001 1 0000100010000001 1 1001000001000100 2 1001000001000100 2
44 0000100100000010 1 0000100100000010 1 1000100000001001 1 1000100000001001 1
45 0001000100000001 1 0001000100000001 1 1001000010001000 3 1001000010001000 3
46 0001001000000010 1 0001001000000010 1 1001000100010000 3 1001000100010000 3
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