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INTERNATIONAL STANDARD ISO/IEC 16449:2002(E)

Information technology — 80 mm DVD — Read-only disk

Section 1 - General

1 Scope

This Intgrnational Standard specifies the mechanical, physical and optical characteristics of a 80 mm, read*only optical disk to
enable the interchange of such disks. It specifies the quality of the recorded signals, the format of the.data and the recording
method,|thereby allowing for information interchange by means of such disks. This disk is identified as)DVD - Read{Only Disk.

This Int¢rnational Standard specifies

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

— the fonditions for conformance,

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

— the jmechanical and physical characteristics of the disk, so as to provide.intchanical interchange between dataf processing
systems,

— the [format of the information on the disk, including the physical, disposition of the tracks and sectors, the errof correcting
codps and the coding method used,

— the pharacteristics of the signals recorded on the disk, enablihg data processing systems to read the data from thq disk.

This Intgrnational Standard provides for interchange of disk§’between disk drives. Together with a standard for volyme and file
structurg, it provides for full data interchange between data‘processing systems.

2 Conformance
2.1 Optical Disk

A claim| of conformance shall specify the\IT'ype of the disk. An optical disk shall be in conformance with this Ihternational
StandarT if it meets the mandatory reqaitements specified for its Type.

2.2

A generpting system shall be imconformance with this International Standard if the optical disk it generates is in [accordance
with 2.1

Generating system

2.3 Receiving system

A receiying systemi shall be in conformance with this International Standard if it is able to handle all four Types of pptical disk
according to 2,15

3 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 60950-1:2001, Information technology equipment — Safety — Part 1: General requirements

4 Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply.

© ISO/IEC 2002 — Al rights reserved 1
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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 arithmptic sum obtained from a bit stream by allocating the decimal value 1 to bits set to ONE and the decimalvyalue -1 to
bits set to ZERO.

4.5 Disk Reference Plane

A plane deffined by the perfectly flat annular surface of an ideal spindle onto which the Clamping Zone ofithe disk is ¢lamped,
and which |s normal to the axis of rotation.

4.6 Dual Layer disk

A optical disk with one or two entrance surface(s), in which each entrance surface gives access o a different pair of recorded
layers.

4.7 Dymmy substrate

A layer whjch may be transparent or not, provided for the mechanical support of the disk and/or of a recorded layer.
4.8 Entrance surface

The surfac¢ 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 a recorded layer that can be read by an optical beam.
4.10 PRysical sector number

A serial nuber allocated to physical sectors on the disk:

4.11 Re¢ad-only disk

An optical [disk in which the information has been tecorded when manufacturing the disk. The information cannot be modified
and can only be read from the disk.

4.12 Ré¢corded layer

A layer of the disk on, or in, which data’is recorded.

4.13 R¢ed-Solomon code

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

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


https://standardsiso.com/api/?name=5cd4520c7b5c71f2f3b8178837996b4d

4.19

ISO/IEC 16449:2002(E)

Track

A 360° turn of a continuous spiral.

4.20

Track pitch

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

4.21

Zone

An annular area of the disk.

5
5.1

A meast
specifie
from 1,2

Number
Number
The sett,

Number
the left.

Negativ

In each
significg

In a fi
Bit b(Sn

5.2

Conventions and notations

Representation of numbers

red value is rounded off to the least significant digit of the corresponding specified value. For instangeyit inpplies that a

| value of 1,26 with a positive tolerance of + 0,01 and a negative tolerance of - 0,02 allows a range of meas|
35to 1,275.

5 in decimal notations are represented by the digits 0 to 9.
5 in hexadecimal notation are represented by the hexadecimal digits 0 to 9 and A to E/in‘parentheses.
ng of bits is denoted by ZERO and ONE.

5 in binary notations and bit patterns are represented by strings of digits 0 and\I; with the most significant b

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

field the data is recorded so that the most significant byte (MSB),identified as Byte 0, is recorded first a
nt byte (LSB) last.

ured values

it shown to

hd the least

ld of 8n bits, bit b(Sn-l) shall be the most significant bit (msb) and bit b the least significapt bit (Isb).

L1) is recorded first.

Names

The nanjes of entities, e.g. specific tracks, fields, zones{ étc. are given a capital initial.

6
BCA
BP
BPF
CLV
CPR M
DCC
DL
DPD
DSV
ECC

List of acronyms
Burst-Cutting Area
Byte Position
Band Pass Filter
Constant Linedr Vélocity

AT Copyright-Management Information
DC Cotmponent (suppress control)
Dual Layer
Differential Phase Detection
Digital Sum Value
Error Correction Code

EDC
EQ
FWHM
HF

D

IED

IR

LPF
LSB

Error Detection Code
Equalizer

Full Width at Half Maximum
High Frequency
Identification Data

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

Least Significant Byte

© ISO/IEC 2002 — All rights reserved
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MSB Most Significant Byte
NRZ Non Return to Zero

NRZI Non Return to Zero Inverted
OTP Opposite Track Path

PBS Polarizing Beam Splitter
PE Phase Encoding

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

PO Parity (of the) Outer (code)
PTP Parallel Track Path

PUH Pick-Up Head

RIN Relative Intensity Noise
RS Reed-Solomon (code)

RZ Return to Zero

SL Single Layer

SYNC Code Synchronisation Code

Isb least significant bit

msb most significant bit

7 General description of the disk

The optica] disk that is the subject of this International Standard consists of two substrates bonded together by an pdhesive
layer, so that the recorded layers are on the inside (See annex N). The ‘eentring of the disk is performed on the edge of the
centre holg of the assembled disk on the side currently read. Clamping’is performed in the Clamping Zone. This Intefnational
Standard specifies the following Types.

Type A consists of a substrate, a single recorded layer and a dummy substrate. The recorded layer can be pccessed
from one side only. The nominal capaeity is 1,46 Gbytes.

Type B consist of two substrates, and twe;recorded layers. From one side of the disk, only one of these fecorded
layers can be accessed. The aominal capacity is 2,92 Gbytes.

Tylpe C consists of a substrate,,a’dummy substrate and two recorded layers with a spacer between thgm. Both
recorded layers can betaccessed from one side only. The nominal capacity is 2,66 Gbytes.

Type D consists of two substrates, each having two recorded layers with a spacer between these two fecorded
layers. From_one)side of the disk, only one pair of recorded layers can be accessed. The nominal [capacity
is 5,32 Gbytes!

Figure 1 sHows schematically tliese four Types. Types A and B are Single Layer (SL) disks and Types C and D are Dyal Layer
(DL) disks| The two layets/of DL disks are identified as Layer 0 and Layer 1. Layer 0 is the layer nearer to the entrancd surface.
Types A arld C are 1-sided disks, Types B and D are 2-sided disks.

In Type C [the function of the adhesive layer can be provided by the spacer between the two recorded layers where Lpyer 1 is
placed, for|instance embossed, on the dummy substrate.

4 © ISO/IEC 2002 — All rights reserved
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Figure 1 - Types of 80 mm DVD - Read-Only disks

8 Generalrequirements

8.1 Enyironiments

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 b) For other measurements
temperature :23°C+2°C 15°Cto 35 °C
relative humidity 145 %to 55 % 45%to 75 %
atmospheric pressure : 86 kPa to 106 kPa 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


https://standardsiso.com/api/?name=5cd4520c7b5c71f2f3b8178837996b4d

ISO/IEC 16449:2002(E)

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.

temperatur 25 Cto 70 C
relative hunﬁlidity :3%1t095%
absolute hymidity 10,5 g/m3 to 60 g/m3
sudden change of temperature : 50 °C max.

sudden change of relative humidity : 30 % max.

There shall| be no condensation of moisture on the disk.

8.1.3  Stprage environment

The storagp environment is the environment where the air immediately surrounding the optical“disk shall have the fpllowing
properties.

temperaturg :-20°Cto 50 °C
relative humidity 25 % t0 90 %
absolute hymidity -1 g/m3 to 30 g/m3
atmospherik pressure : 75 kPa to 106 kPa
temperaturg variation : 15 °C /h max.
relative hunidity variation : 10 %/h max.

8.1.4 Transportation

This Internptional Standard does not specify requirements for, transportation; guidance is given in annex P.

8.2 Sqfety requirements

The disk shall satisfy the requirements of Standard IEC.60950-1, when used in the intended manner or in any foreseealjle use in
an information system.

8.3 Flammability

The disk shall be made from materials that-comply with the flammability class for HB materials, or better, as spegified in
Standard IEC 60950-1.

9 Reference measurement devices

The referepce measurement~devices shall be used for the measurements of optical parameters for conformance ith this
Internationfl Standard. Thecritical components of these devices have specific properties defined in this clause.

9.1 Pick Up Head (PUH)

The optical system for measuring the optical parameters is shown in figure 2. It shall be such that the detected light feflected
from the enptranee’surface of the disk is minimized so as not influencing the accuracy of measurement. The combinati¢n of the
polarizing peam 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
Iy, Iy, I, 1y % Read Channel

“«— a —>»
H

\ ]
G \/l

Quadrant photé.detector H

-
L]

o [ [ ]
[ []

A B C E
97-0019-A
A Laser diode F Opticalrdisk
B Collimator lens G Optics for the astigmatic focusing method
C Polarizing beam splitter H Quadrant photo detector
D Quarter-wave plate I, Iy, I, 13, Output from the quadrant photo detectpr
E Objective lens J d.c. coupled amplifier

Figure 2 - Optical system for PUH
The chafacteristics of the PUH shall be as follows.

Wavelength (1) 650 nm £ Snm

Polarization circularly polarized light

Polarizifig beam splitter shall be used unless otherwise stated
Numerigal aperture 0,60 £ 0,01

Light infensity at the rim of
the pupi| of the objective lens 60 % to 70 % of the maximum intensity level in radial direction, and oyler 90 % of
the maximum intensity level in tangential direction

Wave frpnt aberration after

passing fhrough an ideal

substrat¢ of the singleayer disk 0,033 A rms max.
(Thickngss : 0,6 mmvand index

of refradtion ; 1;56)

Normalizéd-detector size on a disk 1()LO HH(LZ <LS / M2 ¢ 1;14 pmf o

it +la Lot dat 4 4
WIICTC O TSt TOTa St Tat T OT tTIIC PO T UUTCUTOT OT thU T OTT

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

0f 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
Clamping force 20N£0,5N

© ISO/IEC 2002 — All rights reserved 7
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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 H 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
T = 2 1"!‘607
H (io)=—x| 2| x——9% I
(i0)=3%[ 22| — D)
3wq
where
o=2nf
0y =21f,

i= V-1

f, is the 0 dB crossover frequency of the open loop transfer function. The crossover frequencies of the lead-lag netwoyrk of the
servo are gjven by

lead break frequency: fi1=Ffyx1/3
lag break ftequency fa=/fox3

9.4 Réference Servo for axial tracking

For an opef loop transfer function H of the Reference Servo for axial-fracking, | 1+H | is limited as schematically shown by the
shaded surface of figure 3.

Gain (dB)
A
86,0

66,0
62,3

44,1
40,6

9.6 23.1 100 0000 >

Frequency (Hz)
96-0297-A

Figure 3 - RKelerence dervo 1or 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/s? . The tracking error e, ,, shall not exceed 0,23 um. Thus the crossover frequency f, shall

be
fom - [Pamac 1 [BX15X3 _, 0y, (1
27\ emax 27\ 0,23x10~

8 © ISO/IEC 2002 — All rights reserved
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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

40,6 dB
66,0 dB
86,0 dB
44,1 dB

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

at 100 Hz (| 1+Hs | -20% at 100 Hz)

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

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

Bandwidth 9,6 Hz to 23.1 Hz

|1+H]
9.5

For an (
the shad|

Bandwidth from 100 Hz to 10 kHz

|1+H]

The cro|
expecte
frequend

The radi

shall be between 66,0 dB and 86,0 dB.

Reference Servo for radial tracking

pen-loop transfer function H of the Reference Servo for radial tracking, | 1+H| is limited as $chématicall

ed surface of figure 4.

Gain (dB)‘
89,2

69,2
67,1

47,3
43,7

v
v

9,6 23,1 100 10 000
Frequency (Hz)
96-0298-A

Figure.4 - Reference Servo for Radial Tracking

shall be within 20 % of | +H, | .

ssover frequency f <o, / 2n shall be specified by equation (III), where a.,. shall be 1,5 times larg
| maximum radial~acéeleration of 1,1 m/s2. The tracking error e, shall not exceed 0,022 pum. Thus th|
y f, shall be

fozi /?’aﬂzi LSX%ZQA kHz (111)
272' €max 27[ 0,022X 10_

y shown by

er than the
b crossover

alfracking error e, . is the peak deviation measured radially inwards or outwards the 0 level.

Bandwidth from 23,1 Hz to 100 Hz

| 1+H

43,7 dB
69,2 dB
89,2 dB
473 dB

Bandwi

| 1+H

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

at 100 Hz (| 1+Hs | -20% at 100 Hz )

at 23,1 Hz (| 1+Hs | -20%at 23,1 Hz)

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

dth from 9,6 Hz to 23,1 Hz

| shall be between 69,2 dB and 89,2 dB.
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Section 2 - Dimensional, mechanical and physical characteristics of the disk

10 Dimensional characteristics (figures 5 to 8)

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

hole to the

outside rim.

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

Reference
rests.

Reference

101 O
The disk sh

d, = 80,00

The centre

dy=15,00

The diamefer of the hole of an assembled disk, i.e. with both parts bonded together, shall be 15,00 mm min., see figure
There shall be no burr on both edges of the centre hole.

The edge df the centre hole shall be rounded off or chamfered. The rounding radius shall be 0,1 mm max. The chani

extend ove

The thickn

e; = 1,20 mm

10.2  Fifst transition area

In the area

dy = 16,0 hm min.

the surface

10.3 Sdcond transition aréa

This area shall extend between diameter d; and diameter
dy = 22,0 hm max.

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

104 C

This zone ghall/extend between diameter d, and diameter

Plane P is the primqrv Reference Plane It is the p]smp on which the bottom surface of the r‘]qmning Zone (
T

ee 10.4)

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

yerall dimensions

all have an overall diameter

mm * 0,30 mm

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

+0,15 mm
mm
- 0,00 mm

- a height of 0,1 mm max.

pss of the disk, including adhesive layer, spacer(s) andfabel(s), shall be

+ 0,30 mm

- 0,06 mm

defined by d, and

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

amping Zone

fer shall

ds = 33,0 mm min.

Each side of the Clamping Zone shall be flat within 0,1 mm. The top side of the Clamping Zone, i.e. 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

10
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0 mm max.

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

hl = 0,2

5 mm max.

or below Reference Plane Q by

hz = 0,1

0 mm max.

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

hy = 0,10 mm max

or below
h4 = 0,2
10.6

The Inf
table 1.

In the Information Zone the thickness of the disk shall be equal to e; specified in 10.1.

10.6.1

The mail

—  the
—  the
—  the

The ares
d; =45,
shall be
— itis

Lay]
- itis|

In the fi
dg = 48,

which is

In the s
the Datd

The Dat
dg = 76,

The zon|

r Reference Plane P by
b mm max.

Information Zone

rmation Zone shall extend from the beginning of the Lead-in Zone to diameter d,,, the vatue of which is

Sub-divisions of the Information Zone

h parts of the Information Zone are

[_cad-in Zone
Data Zone
|_cad-out Zone

extending from d to diameter
D mm max.
used as follows

the beginning of the Lead-in Zone for Types A and B, and each pair of layers for Type C and D in PTP m
er 0 in OTP mode,

the end of the Lead-out Zone on Layer {+for Types C and D in OTP mode.

st case, the Lead-in Zone shall end at diameter

+ 0,0 mm
D mm
- 0,4 mm

the beginning of the Data Zone.

cond case the Data Zone shall not extend toward the centre of the disk beyond dg. The Lead-out Zone sha
Zone and enddbetween diameters dg and d.

h Zone shall'start after the Lead-in Zone at diameter dy, it shall extend up to diameter

D mm tax.

bpecified in

ode and on

| start after

d D in PTP

e between diameters dy and d, constitutes the Lead-out Zone in the cases Types A and B, and Types C an

mode and the Middle Zone 1n the case of Types C and D in OTP mode.

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 75,0 mm Data Zone diameter + 2,0 mm min.
75,0 mm to 76,0 mm 77,0 mm min.

© ISO/IEC 2002 — All rights reserved
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The zone extending from d, to d|, shall be used for the Burst Cutting Area, if implemented (see annex H).

10.6.2 Tr

ack geometry

In the Information Zone tracks are constituted by a 360° turn of a spiral.

The track pitch shall be 0,74 um + 0,03 pm.

The track pitch averaged over the Data Zone shall be 0,74 pm + 0,01 pm.

10.6.3 Tr

ack modes

Tracks car] be recorded in two different modes called Parallel Track Path (PTP) and Opposite Track Path (OTR),

shows exa
each other.

Types A ar
Types C an

In PTP mg
Layer 0 an

In OTP mo
outer diam

spiral is tugning from the inside to the outside on Layer 0 and in the reverse direction on Layer 1.

The radial
In OTP mo

10.6.4 Channel bit length

The Infornj
- 1333
- 146,7

10.7 Rim area

ples of the PTP and OTP modes. In practice, the lengths of the Data Zones of both layers are independ

d B shall be recorded in PTP mode only.
d D may be recorded in either modes.

de, tracks are read from the inside diameter of the Information Zone to its outside diameter, this applies
| Layer 1 for Types C and D, see figure 5a. On both layers, the track spiral is turning ftem the inside to the o

de, tracks are read starting on Layer 0 at the inner diameter of the Information/Zone, continuing on Layer 1
pter to the inner diameter. Thus, there is a Middle Zone at the outer diameter odboth layers, see figure 5b. T

misalignment of the outer edge of the Information Zones between Laye 0 and Layer 1 shall be 0,5 mm max.

ation Zone shall be recorded in CLV mode. The Channel bit length averaged over the Data Zone shall be
hm + 1,4 nm for Type A and Type B,
hm + 1,5 nm for Type C and Type D

The rim agea shall be that area extending from diameter d, to diameter d; (see figure 8). In this area the top s
permitted tp be above Reference Plane Q by

hs=0,1 min max.

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

hg = 0,1 min max.

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

proper shalll be
ey = 0,6 min min.

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

hy=0,2

Figure 5
ent from

to both
utside.

from the
he track

de, the radial misalignment between the outer edge of the Data Zones of Layer 0 and Layer 1 shall be 0,5 min max.

irface is

the rim

max.

hg = 0,2 mm max.

10.8 Remark on tolerances

All heights specified in the preceding clauses and indicated by h; 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 4,, there is no implication that the
bottom surface of this area has to be above Reference Plane P by up to i3;. Where dimensions have the same - generally
maximum - numerical value, this does not imply that the actual values have to be identical.

12
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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 layer from its nominal position in the direction normal to the Reference Planes shall not exceed 0,2
mm.

The residual tracking error below 10 kHz, measured using the Reference Servo for axial tracking, shall be less than 0,23 pm.
The measuring filter shall be a Butterworth LPF, f_ (-3dB): 10 kHz, slope : -80 dB/decade.

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

The radjal runout of tracks shall be less than 100 pum, peak-to-peak.

The resifual tracking error below 1,1 kHz, measured using the Reference Servo for radial tracking, shall be less thafp 0,022 um.
The megsuring filter shall be a Butterworth LPF, f_(-3dB) : 1,1 kHz, slope : -80 dB/decade.

The rmq noise value of the residual error signal in the frequency band from 1,1 kHz to 10 kHz, measured with an|integration
time of |20 ms, using the Reference Servo for radial tracking, shall be less than 0,016 pm. (The measuring filteqf shall be a
Butterwprth BPF, frequency range (-3dB) : 1,1 kHz, slope : +80 dB/decade to 10 kHz, slope.:-80 dB/decade.

10.10 (Label

The labg¢l shall be placed on the side of the disk opposite the entrance surface for the information to which the labdl is related.
The lab¢l shall be placed either on an outer surface of the disk or inside the disk*bonding plane. In the former cade, the label
shall nof extend over the Clamping Zone. In the latter case, the label may extend over the Clamping Zone. In both cases, the
label shall not extend over the rim of the centre hole nor over the outer edge/of the disk.

11 Mechanical parameters
11.1 [Mass
The mags of the disk shall be in the range 6 gto 9 g.

11.2 |Moment of inertia
The motnent of inertia of the disk, relative to its rotation axis, shall not exceed 0,010 gem?.
11.3 [Dynamic imbalance

The dynpmic imbalance of the disk, relative to its rotation axis, shall not exceed 0,0045 gem.

11.4 [Sense of rotation

The senge of rotation of the disk shall'be counterclockwise as seen by the optical system.

12 Optical paraméters
12.1 |Index of refraction
The ind¢x of refraction IR of the transparent substrate shall be 1,55 + 0,10.

The ind¢x of refraction of the spacer shall be (IR £ 0,10).

12.2 [Thickness of the transparent substrate

The thickness of the transparent substrate is specified as a function of its index of refraction.
Figure 9 specifies it for Types A and B and figure 10 for Types C and D.

12.3  Thickness of the spacer of Types C and D

For Types C and D, the thickness of the spacer shall be 55 pm £ 15 um. Annex K shows two ways of measuring this thickness.
On a disk, this thickness shall not vary by more than 20 um. Within one revolution, it shall not vary by more than 8 um.

12.4  Angular deviation

The angular deviation is the angle o between a parallel incident beam and the reflected beam. The incident beam shall have a
diameter in the range 0,3 mm to 3,0 mm. This angle includes deflection due to the entrance surface and to unparallelism of the
recorded layer, see figure A.1. It shall meet the following requirements when measured according to annex A.
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In radial direction : a = 0,80° max.
In tangential direction : a=0,30° max.

12.5 Birefringence of the transparent substrate

The birefringence of the transparent substrate shall be 100 nm max. when measured according to annex B.

12.6  Reflectivity

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

Types A and B : 45 % to 85 % (PUH with PBS)

Types A affd BT 00 % t0 89 Y (PUH without PBS)
Types Carld D : 18% to 30 % (PUH with PBS)
TypesCarld D 18 % to 30 % (PUH without PBS)

—» Spiral direction

Figure 5b - Opposite Track Path (OTP)

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

Data Zone : I
Lead-in Zone : v

Middle Zone : P

Lead-out Zone: Koo

Layer 1
yer N
Layer 0 | N
! — Spiral direction D
Z e
“ |
— 3
Radius Entrance surface
Figure 5a - Parallel Track Path (PTP)
; Spiral direction ¢— |
Layer 1 ; - !
Y NN
Layer 0 | A LoD
! —Spiral direction L
7 7
S 5
Radius Entrance surface
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Figure 7 - Areas of the disk
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e,max.

.
.
-

6
— 8
/S p—
/. d, >
Figure 8 - Rim area
Thickness
(mm)
A
(1,45;0,643)
0,64 — (1,56; 0,630)
1,65; 0,630
- $ 4/( )
)
0,62 | X\
xO
7 C\\
0,60— - B P RREEE
v
0.58<=F (1 45, 0,583)¥
] AN
(1,56; 0,570) (1,65; 0,570)
T T T T
a0 BN 140 120 Index of

refraction
96-0300-A

Figure 9 - Thickness of the substrate for Types A and B
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Thickness
(mm)
A
(1,45; 0,653)
0,66 — (1,56; 0,640)
(1,65; 0,640)
0,64 — /
Layer 1
0,62 — §
22
‘E o
0,60 — o8
£
33
0,58 — = ‘QS)
£y
Layer 0 £ E
>
(145:0,563) X N
(1,56; 0,550) (1465::0,550)
Minimum thickness
of the substrate
T | | I | >
Index of
1,40 1,50 1,60 1,70 refraction

96-0301-A

Figure 10 - Thickness of the substrate and spacer for Types C and D

Section 3 - Operational Signals

13 High frequency signals (HF)

The HF |signal is obtained by'summing the currents of the four elements of the photo detector. These currents are mpdulated by
diffractipn of the light beami_at the pits representing the information on the recorded layer. Measurements, except for jitter, are
executed to HF before qualizing.

13.1 [Modulatéd ‘amplitude
The modulated-amplitude /4 is the peak-to-peak value generated by the largest pit and land length (figure 11 ).

The peak walue 7, 451 shall be the peak value corresponding to the HF signal before high-pass filtering.

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.

Liy/ 114y = 0,60 min.

I3/ 1, = 0,15 min. for Types A and B

I3/ 1, = 0,20 min. for Types C and D

The maximum value of (/1 415max - Z14Hmin )/ {14Hmax Shall be as specified by table 2.
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Table 2 - Maximum value of (/1 sgmax = L14Hmin ) / 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

13.2 Si
The signal

where
- (4
- (Tt

13.3 Gy

bnal asymmetry

psymmetry shall meet the following requirement, see figure 11.

20,05 < [ Ty + g /2 - (g + I3p) /211 114 < 0,15

I141) /2 is the centre level of 1},
[31) / 2 is the centre level of /3.

ross-track signal

The cross-frack signal shall be derived from the HF signal when low-pass filtered withya cut-off frequency of 30 kHz Y

light beam,
following 1

Iy
Iy

where I is

crosses the tracks (see figure 12). The low-pass filter is a Ist ordef\filter. The cross-track signal shall
equirements.

=Iy-1Ip
/ Iy = 0,10 min.

the peak value of this signal and /7 is the peak-to-peakivalue.

134 Q]:ality of signals

13.4.1 Ji

Jitter is the
and trailing

Jitter shall
13.4.2 R4

A row of a
the total nu

13.4.3 Dd

Defects ara
— forair
— forbla
— forbla

er

standard deviation ¢ of the time variation-of-the digitized data passed through the equalizer. The jitter of thg
edges is measured to the PLL clock andshormalized by the Channel bit clock period.

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

ndom errors

h ECC Block (see clause 18)-that has at least 1 byte in error constitutes a PI error. In any 8 consecutive EC
mber of PI errors before'correction shall not exceed 280.

fects

air bubbles and)black spots. Their diameter shall meet the following requirements
bubbles it¢Shall not exceed 100 pm,

ck spots-causing birefringence it shall not exceed 200 pm,

when the
meet the

b leading

" Blocks

ck-spots not causing birefringence it shall not exceed 300 pm.

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

— the total length of defects larger than 30 pm shall not exceed 300 pum,

— there shall be at most 6 such defects.

14 Servo signals

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

18
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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
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

Asymmegtry (figure 14)
The asyLmetry shall meet the following requirement.

|T1_T2l<02
|T1+T2| -

where
— T ik the positive peak value of At/ T

— T, is the negative peak value of At/T

14.2 [Tangential push-pull signal
This sigpal shall be derived from the instantaneous level of the differential output (1, + 1) - (f, + ). It shall meet the following

requirenpent, see figurel5.
‘ / Y N W \,‘

\ ' WAYaYi '/"' '
\NOOOOEOOEE0

RGN

<D
<)

0 Level

97-0002-A

Figure 11 - Modulated amplitude

© ISO/IEC 2002 — All rights reserved 19


https://standardsiso.com/api/?name=5cd4520c7b5c71f2f3b8178837996b4d

ISO/IEC 16449:2002(E)

A
A A
AVAVAVAVAVAVAVAVEZ
A 4
y
Iy
I
0 Level Y Y
Figure 12 - Cross-track signal
]a/ \ib/ /nght beam
\J —p Tangential direction
Iy A
97-0047-A

Figure 13 - Quadrant photo detector

Radial spot displacement
T Track pitch

v

97-0005-A

Figure 14 - Differential phase tracking error signal

Figure 15 - Tangential push-pull signal
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General

Section 4 - Data Format

ISO/IEC 16449:2002(E)

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,

— aPj
These st

16

A Data

shall sts
Copyrig
Main D
Error D¢

lysical Sector

Frame shall consist of 2 064 bytes arranged in an array of 12 rows each containing 172 bytes)(figure 16). T

eps are specified in the following clauses.

Data Frames (figure 16)

he first row

rt with three fields, called Identification Data (ID), the check bytes of the ID Error Detection Code |(IED), and
ht Management Information (CPR_MALI), followed by 160 Main Data bytes. The n€xt; 10 rows shall each ¢ontain 172
ta bytes, and the last row shall contain 168 Main Data bytes followed by four bytes for recording the check bits of an
tection Code (EDC). The 2 048 Main Data bytes are identified as D to D5 (47
< 172 bytes
4 bytes | 2 bytes | 6 bytes
4 ID IED |CPR_MAI|  Main Data 160 byt&s"(D, to D, so)
Main Data [92.bytes (D4, to Dss,)
Main-Data 172 bytes (D53, to Dy;)
12
TOWS

Main Data 172 bytes (D44 to D,¢79)

Main Data 168 bytes (D50 t0 Dyo47)

EDC

97-0020:A

16.1

Identification Data (ID)

Figure 16 - Data Frame

4 bytes

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

© ISO/IEC 2002 — All rights reserved

Figure 17 - Identification Data (ID)
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b, b3 by byg by7 and byg bys by
Sector Tracking Reflectivity Reserved Zone type Data type Layer
Format type method number

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

The least sj
sector of ar

The bits of]
Bit by,

Bit bys

Bits b, an

Bit byg
Bit by,

Bit by,
Bit by,
Other settit

16.2 1D

When iden|
represented

where

orificant three bytes; bits by, 10 b, 3, Sttt specify the sector umber 1T binary otation. T e SecCtor TUmber 0

ECC Block of 16 sectors shall be a multiple of 16.
the most significant byte, the Sector Information, shall be set as follows.
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
b, shall be set to

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

shall be set to ZERO
shall be set to

ZERQO if the reflectivity is greater than 40 % with PBS PUH
ONE if the reflectiyity 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
1gs are prohibited by this International Standard.

Error Detection Code (TIED)

tifying all bytes of the atray shown in figure 16 as CZ-J- fori=0to 11 andj = 0 to171, the check bytes of]
by C, J for j = 4 to 5. Their setting is obtained as follows.

5
[EDX) &Y. Co; ¥ = Ix)x*> mod Gg(x)
j=4

N

I(x) :Z CO,j x37
Jj=0

1

Ge) = IT (x+ &)
=0

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

22

the first

IED are
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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 b4 5;; and the Isb will be by,. Each bit b; of the EDC
is as follows fori=31t0 0 :

Q.

where

17

The 2 0
shift reg]
procedu]
be used
number
initial pi

\vg

EDC(x) = 2, b, xi= I(x) mod G(x)
=31

32

I(x) = Z b, x’

i=16 511
Gx)=x32+x31 +x4+1

Scrambled Frames

18 Main Data bytes shall be scrambled by means of the circuit shown, in figure 19 which shall consist of a f]
ster in which bits r; (msb) to r, (Isb) represent a scrambling byte at\each 8-bit shift. At the beginning of the
Fe of a Data Frame, positions ry4 to r shall be pre-set to the yalie(s) specified in table 3. The same pre-set
for 16 consecutive Data Frames. After 16 groups of 16 Data Frames, the sequence is repeated. The in
is equal to the value represented by bits b, (msb) to bit by, (Isb) of the ID field of the Data Frame. Table 3 §
e-set value of the shift register corresponding to the 16-initial pre-set numbers.

Table 3 - Initial values of the shift register

eedback bit
scrambling
value shall
tial pre-set
pecifies the

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

?
To

Figure 19 - Feedback shift register

Ty | T3 | T [Ty g | Tg | Ty | Tg | s | Ty | I3 | T [ Ty | Ty

97-0021-A
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The part of the initial value of r; 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 ofrthe p—H6-byde Pari 8 e e . e heresultine 208 o byte of

Parity of In ne Coder a;:d.Tus omlete Clock copi ’8 rvs;s f 182 ytes ah Th bs f t}’liS hrray are
identified gs B; ; as follows, where i is the row number and j the column number.
B;; fori=pto 191 andj =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;; fori=¢ to 207 and j = 172 to 181 are bytes of the Parity of Inner Code
P1
< 172 bytes »>|< 10 bytes
Boo Bou Bo,170 Bo.171 Bo172 By 151
Bl,O B1 1 B1,170 B1,171 Brin Bl,181
By By B 170 B, far B2172 B, 131
192
rows
B189,0 Bigo 1 B189,l70 Bigo.171 Bigo,172 B189,181
B190,0 Biogo,1 Bigo170 | Bi9o,171 Bigg.172 B190,181
B1910 B191,1 B191,170 B191,171 B191,172 B191,181
Bios0 B192,1 B192,170 B 192,171 Bioin Big2181
PQ
16 r¢ws
j B207,0 B207,1 B 207,170 B 207,171 B207,172 B207,181
Figure 20 - ECC Block
The PO andl PDbytes 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)= 2B;;x207 = L(x)x!6  mod Gpo(x)
=192
where
191
I(x) = z B, 191-i
=0
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where

o is the
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15
Gpo(x) = IT (x + aF)
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
,172,11).
181
R = 2B, x819 = L()x1% mod Gpx)
j=172
171
() = 2 B;;x!71d
=0
9
Gpix) = IT (x + ak)
k=0
brimitive root of the primitive polynomial P(x) = x3 + x* + x3 + x2 + 1

19

Sixteen

Recording Frames

Recording Frames shall be obtained by interleaving one of the 16.RO rows at a time after every 12 rows

Block (figure 21). This is achieved by re-locating the bytes Bi,j of the ECC Block as By, , for

where in

Thus th
consists

m=i+int[i/12] and n=j fori<191
m=13(-191)-1 and n=; fori>192
#[x] represents the largest integer not greater than x,

b 37 856 bytes of an ECC Block are re-arranged into 16 Recording Frames of 2 366 bytes. Each Recor
of an array of 13 rows of 182 bytes.

of an ECC

Hling Frame

© ISO/IEC 2002 — All rights reserved
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< 182 bytes >
T By | o B, |1, By | - [ By
Recording
13 = = Frame
rOws No. 0
i BllO ..................................................... Bll,l T Bll,172 D“’lgl
Biopo | Bigs 171 Bigoimm | Bios 151
T e [ B | Bowm | - [ By
Rec¢rding
13 é é Frime
TOWS No. 1
i B23 0 | B235171 8237172 """ B23’131
Blosg | oo Bios171 | Blosin | Biosia
T Blgog | oo Biso7i | Bisoin | ,,,,,, | Bigo.s1
Recording
13 é é Frame
rows No| 15
i Bl910 .................................................... B191 171 B]q] T Bl9l,181
Bogro | e B,y7 171 By | e B,o7.151
Figure 21 - Recording Frames obtained from an ECC Block
20 odulation
The 8-bit bytes\of each Recording Frame shall be transformed into 16-bit Code Words with the run length limitafion that
between 2 DNEs there shall be at least 2 ZEROs and at most 10 ZEROs (RLL 2,10). Annex G specifies the conversion [tables to

be applied. The Main Conversion table and the Substitution table specify a 16-bit Code Word for each 8-bit bytes with one of 4
States. For each 8-bit byte, the tables indicate the corresponding Code Word, as well as the State for the next 8-bit byte to be
encoded.

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

—

NRZ
conversion

»| Exclusive-OR

ISO/IEC 16449:2002(E)

16 Channel bits
NRZI converted pulses

»

T |«

T =1 channel clock period

21

The stru
Frame s
bytes of

97-0024-A

Physical Sectors

cture of a Physical Sector is shown in figure 23. It shall consist of 13 rows, each comprising two Sync Fran|
hall consist of a SYNC Code from table 4 and 1 456 Channel bits representing the first, respectively the secd
a row of a Recording Frame. The first row of the Recording Frame is represented by the first row of t

Sector, the second by the second, and so on.

Figure 22 - NRZI conversion

13
rows

97-0025-A

— 30 P —— 456 Pt 32 P|—D456 —P
SYO0 SY5
SY1 SY5
SY2 SY5
SY3 SYS5
SY4 SYS5
SY1 SY6
SY2 SY6
SY3 SY6
SY4 SY6
SY1 SY7
SY2 SY7
SY3 SY7
SY4 SY7
<«4—— Sync Frame ——»|4——— Sync Frame —,

Figure 23 - Physical Sector

nes. A Sync
nd 91 8-bit
he Physical

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

by-row.
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Table 4 - SYNC Codes

State 1 and State 2
Primary SYNC codes Secondary SYNC codes
(msb) (Isb) (msb) (Isb)
SY0 = 0001001001000100 0000000000010001 / 0001001000000100 0000000000010001
SY1 = 0000010000000100 0000000000010001 / 0000010001000100 0000000000010001
SY2 = 0001000000000100 0000000000010001 / 0001000001000100 0000000000010001
SY3 = 0000100000000100 0000000000010001 / 0000100001000100 0000000000010001
SV4 = 0010000000000100 0000000000010001 0010000001000100 0000000000010001
SYS = 0010001001000100 0000000000010001 / 0010001000000100 0000000000010001
SY6 = 0010010010000100 0000000000010001 / 0010000010000100 0000000000010001
SY7 = 0010010001000100 0000000000010001 / 0010010000000100 0000000000010001
State 3 and State 4
Primary SYNC codes Secondary SYNC) codes
(msb) (Isb) (msb) (Isb)
SY0 = 1001001000000100 0000000000010001 / 10010010010001000000000000010001
SY1 = 1000010001000100 0000000000010001 / 1000010000000166,0000000000010001
SY2 = 1001000001000100 0000000000010001 / 1001000000000100 0000000000010001
SY3 = 1000001001000100 0000000000010001 / 1000001000000100 0000000000010001
SY4 = 1000100001000100 0000000000010001 / 1000100000000100 0000000000010001
SYS5 = 1000100100000100 0000000000010001 / 1000060100000100 0000000000010001
SY6 = 1001000010000100 0000000000010001 / 1000000001000100 0000000000010001
SY7 = 1000100010000100 0000000000010001 / 1000000010000100 0000000000010001

22

To ensure [a reliable radial tracking and a reliable detection of the HF signals, the low frequency content of the sfream of
Channel bif patterns should be kept as low as possible. In order to achieve this, the Digital Sum Value (DSV, see 4.4) shall be
kept as low| as possible. At the beginning of the medulation, the DSV shall be set to 0.

Syppress control of the d.c. component

The different ways of diminishing the curreht-value of the DSV are as follows.
a. Choicg of SYNC Codes between Primary or Secondary SYNC Codes
b. For thg

c. For th¢ 8-bit bytes in the'range 88 to 255, when the prescribed State is 1 or 4, then the 16-bit Code Word can bg chosen
either from State 1 orArom State 4, so as to ensure that the RLL requirement is met.

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

In order tofuse these pessibilities, two data streams, Stream 1 and Stream 2, are generated for each Sync Frame. Streagn 1 shall
start with the Primary*SYNC Code and Stream 2 with the Secondary SYNC Code of the same category of SYNC Cpdes. As
both streanps are modulated individually, they generate a different DSV because of the difference between the bit patterns of the
Primary anfl Secondary SYNC Codes.

In the cases b) and c), there are two possibilities to represent a 8-bit byte. The DSV of each stream is computed up to the 8-bit
byte preceding the 8-bit byte for which there is this choice. The stream with the lowest IDSV 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) Compare the | DSV| s of both streams.
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2) Ifthe|DSV| of the stream in which case c) occurs is smaller than that of the other stream, then the stream in which case c)
has occurred is chosen and duplicated to the other stream. One of the representations of the next 8-bit byte is entered into
this stream and the other into the other stream.

3) Ifthe I DSVI of the stream in which case c) 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 | DSVI is selected. If this DSV is greater than +
63 or smrater-than—64-thenthe-SYINE-Code-at-the-beginning-of-the-SyneFrame-tschangedfromPrimary-to-Seeongary or vice
versa. Iffthis yields a smaller | DSV/, the change is permanent, if the | DSV/ is not smaller, the original SYNC Cell¢As retained.

During the DSV computation, the actual values of the DSV may vary between -1000 and +1000, thus it is Teecommended that
the cour]t 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 Infgrmation Zone shall be divided in three parts : the Lead-in Zone, the Data Zone dnd the Lead-out Zone. In SL disks and
in DL djsks in PTP mode there is one Information Zone per layer. In DL disks in QTP mode, there is only one |nformation
Zone extending over two layers. In DL disks in OTP mode, the Information Zone has a Middle Zone in each layer fo allow the
read-ouf beam to move from Layer 0 to Layer 1 (see figure 5b). The Data Zone/is imtended for the recording of Maip Data. The
Lead-in [Zone contains control information. The Lead-out Zone allows for a continuous smooth read-out.

24 Layout of the Information Zone

The Infgrmation Zone of SL disks and of DL disks in PTP mode shall be sub-divided as shown in table 5. The value|of the radii
indicategl are the nominal values of the first track of the first Physical Sector and that of the last track of the last Phypical Sector
of a zong.

Table 5 - Layout of the Information Zone

Nominal'radius Sector Number NumbBer of
I\ mm of the first Phygical
Physical Sector Sectors
Lead-in| Zone 22,6 max. to 24,0
Initial Zpne
Referenge Code Zone (02F000) 3D
Buffer Zone 1 (02F020) 440
Control [Data Zone (02F200) 3072
Buffer Zone 2 (02FE00) 512
Data Zdne 240tor, (030000)
Lead-oyt'Zone r; to 35,0 min. | ry to (r;+1,0) r; t038,5
when when when
r;<34,0 34,0<r; <375 | 37,5<1; <38,0

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).
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On DL disks in PTP mode, the Sector Number of the Physical Sectors increases by 1 for each Physical Sector. The 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
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 I Fo
sector Lead-in Zone Data Zone Lead-out(Zotie L
number

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

97-0026-A

Figure 24 - Physical Sector numbering on'Type A

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

Type C
Parallel|track path
Lead-in Zone Data Zone Lead-out Zone
. | Layer 1

Physical fos Layer 0
sector Lead-in Zone Data Zone Lead-out Zone
number

T ,/7\ I Address of both layers

(02FBFP) (030000) ——» Radius

97-0027-A

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

Address on Layer 1

—

Physical
1 X I
nslt:rcngzr Lead-out Zone Data Zone X Middle Zone
o Layer 1
XX Layer 0
T Lead-in Zone Data Zone Xﬁw
(02FFFF) (030000) ¥ Radius
Figure 26 - Physical Sector numbering on Type C in OTP,mode
For Typg D, the same structures apply on each side of the disk.
26 Lead-in Zone
The Lead-in Zone is the innermost zone of the Information Zone. It shall €onsist of the following parts (figure 27).[The Sector
Number|of the first Physical Sector of each part is indicated in figure 27 itnhexadecimal and in decimal notation.
—  Init{al Zone,
—  Refprence Code Zone,
—  Bufffer Zone 1,
—  Cortrol Data Zone,
—  Bulfffer Zone 2.
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Initial Zone

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

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

Sector No.192 512 Sector No.(02F000)
Reference Code Zone

32 Physical Sectors

Sector No. 192 544 Buffer Zone 1 Sector No.(02F020)
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 Zone 2 Sector No.(02FE00)
512 Physical Sectors
with the Main Data set to (00)
Sector No.196 608 Sector No.(030000)
Data Zone

Figure 27 - Lead-in Zone

26.1 Inijitial Zone

The Main Pata of the Data Frames eventudlly recorded as Physical Sectors in the Initial Zone shall have been set to ((0). This
Internationfl Standard does not specify-the/number of Physical Sectors in the Initial Zone. However, the Sector Numbger of the
first Physidal Sector of the Data Zone.islarge enough so as to prevent a Sector Number 0 to occur in the Initial Zone.
26.2 Reference Code Zone

The Refergnce Code Zone shallconsist of the 32 Physical Sectors from two ECC Blocks which generate a specific Chpnnel bit
pattern on [the disk. This<shall be achieved by setting to (AC) all 2 048 Main Data bytes of each corresponding Daty Frame.
Moreover, no scrambling Shall be applied to these Data Frames, except to the first 160 Main Data bytes of the first Data Frame
of each ECIC Block (see also annex L).

26.3 Buffer Zone 1

This zone dhall con af 480 P al Se
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
This infi

Byte 0
Bits b,
They sh
Bits by 4
These b
Other sg
Byte 1 -
Bits by,

Physical format information

14 x 2 048 bytes

Figure 28 - Structure of a Control Data Block

rmation 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 Versign\Number 1
1 Disk size and maximum'transfer rate 1
2 Disk structure 1
3 Recording-density 1
4t0 15 Data Zote allocation 12
16 BCA descriptor 1
17 to 31 Reserved 15
32 to 2 047 Reserved 2016

Disk Category and Version Number

o by shall specify the Version Number

11 be set to 0001, indicating this International Standard
o b shall specify the'Disk Category

ts shall be set t0,0000, indicating a read-only disk.
ttings are prohibited by this International Standard.
Disk size-and maximum transfer rate

p b5 shall specify the maximum transfer rate.

if set to

0000, They specily a maximum

transter rate ot 2,52 MDbits/s

if set to 0001, they specify a maximum transfer rate of 5,04 Mbits/s
if set to 0010, they specify a maximum transfer rate of 10,08 Mbits/s

Bits by t

0 b, shall specify the disk size

They shall be set to 0001, indicating a 80 mm disk

Other settings are prohibited by this International Standard.

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)

© ISO/IEC 2002 — All rights reserved
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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, they specify Type C or Type D

Bit b shall be set to ZERO.

Other setti gs-are. prnhihifpd by this International Standard

Byte 3 - Re¢cording density

Bits b, to 5 shall specify the average track pitch, they shall be set to 0000, indicating an average track pitch of 0,74 um

Bits b, to Y, shall specify the average Channel bit length

if set to OOIO, they specify 0,133 um
if set to 0001, they specify 0,147 um

Other settings are prohibited by this International Standard.

Bytes 4 to [LS - Data Zone allocation

Byte 4 shalrbe set to (00).

Bytes 5 to § shall be set to (030000) to specify the Sector Number 196 608 of the first Physical Sector of the Data Zong
Byte 8 shalll be set to (00).

Bytes 9 to | 1 shall specify the Sector Number of the last Physical Sector of the Data Zone

Byte 12 shall be set to (00)

Byte 13 to |15 shall be set to (00) on SL disks and DL disks in TP mode, and to the Sector Number of the last Physic
of Layer 0 pn DL disks in OTP mode.

Byte 16 - BCA descriptor

This byte shall specify whether or not there is a Butst.Cutting Area on the disk.
bits b, to bl shall be set to ZERO
bit b4, the BCA flag, shall specify whethef ornot a BCA exists

if set to ZERO, it shall indicate that a.BEA does not exist
if set to ONE, it shall indicate that-a\BCA exists on a Type A or a Type C disk

On Type Bland Type D disks, bit; shall be set to ZERO.
Bytes 17 t¢ 31

These bytep shall be.Set)to (00).

Bytes 32 t¢ 2 047

h] Sector

These bytep shall be set to (00).

26.5.2 Disk manufacturing information

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

interchange.

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
set to all ZEROs.

shall be
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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 International Standard does not specify the number of Physical Sectors in the Lead-out 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 (figufe A°T.).
Recorded layer
Substrate
( \ Entrancg surface
A /
96-0302-A Incident beam /v Reflected beam
Figure A.1'=’Angular deviation o
For measufing the angular deviation o, the disk shall be clamped between two concentric rings covering most of the
Zone. The fop clamping area shall have the same diameters as the bottom clamping area.
+0,5-mm
d;, = 22,3 mm
- 0,0 mm
+ 0,0 mm
d e 3257 mm
- 0,5 mm

The total ¢
generated |

lamping-force shall be | = 2,0 N = 0,5 N. In order to prevent warping of the disk under the moment
ythewclamping force and the chucking force F, exerted on the rim of the centre hole of the disk, F, shall ng

0,5 N (figu

e A'2). This measurement shall be made under the conditions of 8 1.1.a)

36

lamping

of force
t exceed
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P dout .
<l dln | -
F, -« F
* 15,00 mm min. +

97-0006-A

F

2 S
AX

O\

Figure A.2 - Clamping and chuckin@lditions

%
S
¥
o
Q\
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Annex B

(normative)

Measurement of birefringence

B.1  Principle of the measurement

In order to measure the birefringence
observing the ellipticity of the reflect

97-0008-A

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

The orientdtion 6 of the ellipse is determined by the orientation.of the optical axis
0 =y- T4 4l

where ) is[the angle between the optical axis and the radial direction.

The elliptidity e = b/a is a function. of the phase retardation &

e = taf {%(g—&ﬂ I

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

BR= — 6 nm (I1D)
2n

Thus, by observing the elliptically polarized light reflected from the disk, the birefringence can be measured and the orientation
of the optical axis can be assessed as well.
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B.2 Measurements conditions

The measurement of the birefringence specified above shall be made under the following conditions.
Mode of measurement in reflection, double pass through the substrate

Wavelength A of the laser light 640 nm + 15 nm

Beam diameter (FWHM) 1,0 mm + 0,2 mm

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

to ReferpneePlane FO+6;22

Clampir]g and chucking conditions as specified by annex A
Disk mdunting horizontally

Rotatior less than 1 Hz
Temperature and relative humidity as specified in 8.1.1.a)

B.3 |Example of a measuring set-up

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

1
I

4— Photo detector

I
I
I
I
I

. ! 4— Collimator lens
Polarizer ——» !
I
I
I

A/4 Plate ————» \//"\/\ : Z‘— Rotating analyser
\
|
D

t
|
|

97-0007-A !

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

Light frgm a laser source, cdotlimated into a polarizer ( extinction ratio ~ 103 ), is made circular by a A/4 plate. The dllipticity of
the reflected light is analyzed by a rotating analyzer and a photo detector. For every location on the disk, the mininfum and the
maximum values of thelintensity are measured. The ellipticity can then be calculated as

av)

/ Imax

Combin|ng €quations II, IIT and IV yields

+—
BR=A1/4-A/m x arctan \/ﬂ

Imax

This device can be easily calibrated as follows

— 1, 1s set to 0 by measuring a polarizer or a A/ 4 plate,

= 1= 1. When measuring a mirror

Apart of the d.c. contribution of the front surface reflection, a.c. components may occur, due to the interference of the
reflection(s) of the front surface with the reflection(s) from the 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

C.1 Measuring method for the differential phase tracking error

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

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

The gain off the comparators shall be sufficient to reach full saturation on the outputs, even with minimunt signal amplitudes.
Phases of the digitized pulse signal edges (signals B1 and B2) shall be compared to each other to prodiice a time-lead signal C1
and a timelag signal C2. The phase comparator shall react to each individual edge with signal C1 or C2, depending on the sign
of At;. A tiacking error signal shall be produced by smoothing the C1, C2 signals with low-pa§sfilters and by subtrgcting by
means of afunity gain differential amplifier. The low-pass filters shall be 1st order filters with‘a\ctt-off frequency of (-8 dB) 30
kHz.

Special att¢ntion shall be given to the implementation of the circuit because very small time differences have to be njeasured,
indeed 1 %] of T equals only 0,38 ns. Careful averaging is needed.

The average time difference between two signals from the diagonal pairs of elements of the quadrant detector shall be
At=1/N 2 At

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

C.2  Measurement of At/T without time intervabanalyzer

The relativg time difference At /T is represented by the.dmplitude of the tracking error signal provided that the ampljtudes of
the C1 and| C2 signals and the frequency component of the read-out signals are normalized. The relation between the|tracking

error amplitude ATVE and the time difference is/given by

— Y, At A
ATVE = 42 ’Vpc:z Lype = AAVpe
‘LT NnT L n

1

where
—  Vpc is|the amplitude of'the C1 and C2 signals

— T, is the actual length of the read-out signal in the range 3T to 14T
— nT is the weighted average value of the actual lengths

— Nn T |sc¢he 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.
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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 Vpeln ~ 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.

Typicall
and the
significg

Becausd
0,5< A
the meal
procedu,

C3.1

The gaii
In this
compara

C3.2

Becausd
to be de

At/T =
This car]

a. Ger
equ

b. Me
K =[ At
After th
DPD tral

theputsesigmatsCamt-€2-wittbegemerated- by adigrtatgatecreurt- withramroutput stgmat-switchmg-betw
supply voltage. This voltage swing is assumed to be about 5 V. However, depending on the applied teehno]
ntly deviate from 5 V.

the formal specification for the DPD signal is
/T<1,1 at 0,1 um radial offset,

surement by means of ATVE is influenced by the actual value of Vpc and n. Therefore the following
e shall apply.

Saturation of the comparators

1 of the level comparators shall be such, that for all actual input signal levels.(specially 3T signals) it remaif
ase the amplitude of the signal TVE is independent of the amplitud€ of the input signals, and the gain
tors is in the saturation area (See figure C.2).

Correction for n and Vpc

the above mentioned deviation of n and Vpc, and possibly of'some other circuit parameters, a correction f
ermined, such that

K x ATVE (measured)
be achieved as follows.

erate two sinusoidal signals A1 and A2 of\frequency 2,616 MHz with a phase difference, and inject them 1
hlizer circuits.

isure the relation between At /T and ATVE and determine K from figure C.3

/T(injected)] | | ATVE (measured)]

b differential amplifier shown in figure C.1, the addition of an amplifier of gain K to the measuring equipr]

cking error that adjusts the correction factor K, allows the measurement of At/T directly from the output.

een ground
logy it may

calibration

IS constant.
bf the level

hctor K has

nto the two

hent for the
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A Signal A1l Equalizer Level Signal B1
| mp. H(S) Comparator
Ia / \I ) —
Id\_J[c
| A Signal A2 Equalizer Level Signal B2
mp I8 VAR anmarn+ o
HS) omparator
Signal C1 Low-pass
Filter
Phase Ditferential Signal TVE
Comparator Amp. (1X)
. ATVE
Signal C2 Low-pass
Filter /\ /\ Y
\ [/ \ \
A
\/ ,1 pm

tracking err

=

At; = negative

At; = positive

Signal A

Signal A

Signal B

Signal BR C~>

Z

7.

97-0010-A

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

Amplitude of the
tracking error

Comparator input signal amplitude

97-0011-A

Figure C.2 - Comparator input signal amplitude vs tracking error signal amplitude

example of a
theoretical line measured ligne

N

5,0 4

3,0

ATVE

2,0

1,0

TN

99-0088-A A_t/ T

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

(normative)

Measurement of light reflectance

D.1  Calibration method

isk shall

be measurdd by a parallel beam as shown in figure D.1

H
e

I

97-0013-A

Figure D.1 - Refléctance calibration

In this figufe the following applies.

1 = ncident beam

r = reflectance of the entrance surface

R = main reflectance of the recorded layer

R, = pther reflectances of the-entrance surface and of the recorded layer
Ry = measured value, using the arrangement of figure D.1

Ry=r+R[+R;,

r=( (n-1) | (n+1)9)? where n is the refraction index of the substrate
R, =Ry -1-Ryg,

R=[(1-1)>x Ry -]/ [ 11 x (2-Ry))]

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

mirmor Mmeasured by the focused beam is equated to R as
determined above.

Now the arrangement is calibrated and the focused reflectivity is a linear function of the reflectivity of the recorded layer,
independently from the reflectivity of the entrance surface.

D.2  Measuring method

The measuring method comprises the following steps.

a. Measure the reflective light power D, from the reference disk with calibrated reflectivity R
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b. Measure /4 in the Information Zone of the disk (see 13.2).

c. Calculate the reflectivity as follows
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Annex E

(normative)

Tapered cone for disk clamping

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

46

97-0014-A

p

Figure E.1 - Tapered cone

Entraneesurface
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Annex F
(normative)

Measurement of jitter

ISO/IEC 16449:2002(E)

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

HF-signal

a.c. coupling

(e.g. a Time Interval analyser)

97-0015-A

EQ LPF
Quadrant
photo
detector
Phase detector
filter
VCO
Slicer PLL
Alldata Clock
edges signal
Jitter analyser Start/stop

signal from the
revolution pulse

Figure F.1 - General diagram for jitter measurement
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F.2  Open loop transfer function for PLL

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

Gain (dB)
A

-40 dB/decade

0dB

-20 dB/decade

-

96-0303-A

F.3 Sljcer

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

6000 9000

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

F.4 Conditions for measurement

#® * Frequency (Hz)

The bandwidth of the pre-amplifier of the photo detector shall be greater than 20 MHz in order to prevent gropp-delay

distortion.

Low-pass fjlter : 6th order Bessel filter, f. (-3 dB)= 8,2 MHz

Example of an analogue equalizer : 3-tap transversal filter with transfer function

H(z) =1,35|z2093 - 0,175 (1 + z4-186)

Filtering aijd equalization :

—  Gain vfariation : 1 dB'i1ax. (below 7 MHz)
—  Group|delay variation : 3 ns max. (below 6,5 MHz)
—  (Gain it 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 ot the angular deviation : only d.cC. deviation.

48
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Frequency (MHz)

96-0304-A

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

F.5 [Measurement

The jittgr of all leading and trailing edges over one rotation shall'be measured.

Under tjis measurement, the jitter shall be less than 8,0 % ofthe 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
schematicafly how the Code Words and the associated State specification are generated.

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

A 4

Conversion table
State S(7) Next State S(¢31)

\ 4

A

Memory

Figure G.1 - Code Words generation
In this figufe :

X(f)=H {B(?), S(¥)} Xi5(f) = msb and X(¢) = Isb
S(t+1) =G {B(?), S(?)}

H is the output function

G is the next-state function,

The Code Words leaving the States shall’be chosen so that the concatenation of Code Words entering a State and thosg¢ leaving
that State sptisfy the requirement that-between two ONEs there shall be at least 2 and at most 10 ZEROs.

As additionjal requirements:

—  Code Words leaving State 2 shall have both bit x15 and bit x5 set to ZERO, and
— in Code Words {eaying State 3 bit x5 or bit x; or both shall be set to ONE.
This meanq that the*Code Word sets of States 2 and 3 are disjoint.
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Code Word X(7) Next State S(#+1) Code Word X(#+1)
Ends with 1 or no trailing ZERO State 1 Starts with 2 or up to 9 leading ZEROs
Ends with 2 or up to 5 trailing ZEROs State 2 Starts with 1 or up to 5 leading ZEROs, and
X15(tt1),X5(r41) = 0,0
Ends with 2 or up to 5 trailing ZEROs State 3 Starts with none or up to 5 leading ZEROs, and
X5(t+1),X5(+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 thgt when decoding the recorded data, knowledge about the encoder is required to be able to reconstitute the ofiginal main

Data.

B() = H' {X(1), S()}

Becauseg| of the involved error propagation, such state-dependent decoding is to “be/avoided. In the case of this 8-to-16
modulatjon, the conversion tables have been chosen in such a way that knowledgeabout the State is not required in jmost cases.
As can e gathered from the tables, in some cases, two 8-bit bytes, for instancethe 8-bit bytes 5 and 6 in States 1 and 2 in table
G.1, gerjerate the same 16-bit Code Words. The construction of the tables-allows to solve this apparent ambiguity. Indeed, if
two identical Code Words leave a State, one of them goes to State 2 and the other to State 3. Because the setting pf bits X 5
and X3 |is always different in these two States, any Code Word can¢b¢yuniquely decoded by analysing the Code Word itself
together|with bits X5 and X3 of the next Code Word :

B(1) = H { X(8;X,5(t+1), X5(r+1) }

In the taples, the 8-bit bytes are identified by their decimal value.
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Table G.1 - Main Conversion Table

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 UUTU0U0OLUUTUUTOUU U1TU0UT0OUTUU00U0UU 4 UUTU00U0UUTUUTOUU UTUUUTUUTUUUUUUY 4
4 0010000010010000 2 0010000010010000 2 1000000100100000 2 1000000100106000 2
5 0010000000100100 2 0010000000100100 2 1001001000000000 4 1001001000000000 4
6 0010000000100100 3 0010000000100100 3 1000100100000000 4 10001004,00000000 4
7 0010000001001000 3 0100000000010010 1 0010000001001000 3 0100000000010010 1
8 0010000010010000 3 0010000010010000 3 1000010010000000 4 1000010010000000 4
9 0010000100100000 3 0010000100100000 3 1001001000000001 1 1001001000000001 1
10 0010010010000000 4 0010010010000000 4 1000100100000001 I 1000100100000001 1
11 0010001001000000 4 0010001001000000 4 1000000010010000 3 1000000010010000 3
12 0010010010000001 1 0010010010000001 1 1000000010010000 2 1000000010010000 2
13 0010001001000001 1 0010001001000001 1 1000010010000004 1 1000010010000001 1
14 0010000001001001 1 0100000000100100 3 0010000001001001 1 0100000000100100 3
15 0010000100100001 1 0010000100100001 1 1000001001000001 1 1000001001000001 1
16 0010000010010001 1 0010000010010001 1 1000000100100001 1 1000000100100001 1
17 0010000000100010 1 0010000000100010 1 1000001001000000 4 1000001001000000 4
18 0001000000001001 1 0100000010010000 2 0001000000001001 1 0100000010010000 2
19 0010000000010001 1 0010000000010001 1 1001000100000000 4 1001000100000000 4
20 0001000000010010 1 0001000000010010 1 1000100010000000 4 1000100010000000 4
21 0000100000000010 1 0000100000000010Q 1 1000000010010001 1 1000000010010001 1
22 0000010000000001 1 000001000000000 1 1000000001001001 1 1000000001001001 1
23 0010001000100000 2 0010001000100000 2 1000000001001000 2 1000000001001000 2
24 0010000100010000 2 0010000100010000 2 1000000001001000 3 1000000001001000 3
25 0010000010001000 2 0100000000100100 2 0010000010001000 2 0100000000100100 2
26 0010000001000100 2 0010000001000100 2 1000000000100010 1 1000000000100010 1
27 0001000100100000 2 0001000100100000 2 1000000000010001 1 1000000000010001 1
28 0010000000001000 2 0100000010010000 3 0010000000001000 2 0100000010010000 3
29 0001000010010000 2 0001000010010000 2 1001001000000010 1 1001001000000010 1
30 000100000100100Q 2 0100000100100000 3 0001000001001000 2 0100000100100000 3
31 00010000001001.060 2 0001000000100100 2 1001000100000001 1 1001000100000001 1
32 0001000000000100 2 0001000000000100 2 1000100100000010 1 1000100100000010 1
33 0001000000000100 3 0001000000000100 3 1000100010000001 1 1000100010000001 1
34 0001000000100100 3 0001000000100100 3 1000000000100100 2 1000000000100100 2
35 0001000001001000 3 0100001001000000 4 0001000001001000 3 0100001001000000 4
36 0001000010010000 3 0001000010010000 3 1000000000100100 3 1000000000100100 3
37 0001000100100000 3 0001000100100000 3 1000010001000000 4 1000010001000000 4
38 0010000000001000 3 0100100100000001 1 0010000000001000 3 0100100100000001 1
39 LVVARVIVIVIVIVIVARVIVIVERVIY) ) LVVARVIVIVIVIVIVARVIVIVERVIY) ) 100 1T00VUTUUU0UU0U 4 JLVAVERVIVIVIVERUIVIVIVIVIVIY) 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
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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
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 VARVVVARVVARVIVVVERY) 1 UuUTU0OUTUUTUO0UTU I JAVVVVVVIVARVVVERVIVIY) TUUUUUUUTOUUUT OO 2
50 0010001000100001 1 0010001000100001 1 1000000100010000 3 10000001006104900 3
51 0001000001001001 1 0100000100100001 1 0001000001001001 1 0100000100100901 1
52 0010000100100010 1 0010000100100010 1 1000000100100010 1 1000000100100010 1
53 0010000100010001 1 0010000100010001 1 1000000100010001 1 1000000100010901 1
54 0010000010010010 1 0010000010010010 1 1000000010010010 1 10000000100100410 1
55 0010000001000010 1 0010000001000010 1 1000000010001001 1 1000000010001901 1
56 0010000000100001 1 0010000000100001 1 1000000001000010 1 1000000001000010 1
57 0000100000001001 1 0100000010010001 1 0000100000001001 1 0100000010010901 1
58 0001001001000001 1 0001001001000001 1 1000000000100001 1 1000000000100901 1
59 0001000100100001 1 0001000100100001 1 01000000010604001 1 0100000001001901 1
60 0001000010010001 1 0001000010010001 1 1001001060010010 1 1001001000010Q410 1
61 0001000000100010 1 0001000000100010 1 1001601000001001 1 1001001000001901 1
62 0001000000010001 1 0001000000010001 1 1004.000100000010 1 1001000100000010 1
63 0000100000010010 1 0000100000010010 1 1000000001000100 2 1000000001000100 2
64 0000010000000010 1 0000010000000010 1 0100000001001000 2 0100000001001000 2
65 0010010000100000 2 0010010000100000 2 1000010000100000 2 1000010000100000 2
66 0010001000010000 2 00100010000100006 2 1000001000010000 2 1000001000010000 2
67 0010000100001000 2 0100000000100030 1 0010000100001000 2 0100000000100010 1
68 0010000010000100 2 00100000100006100 2 1000000100001000 2 1000000100001000 2
69 0010000000010000 2 0010000000010000 2 1000000010000100 2 1000000010000100 2
70 0001000010001000 2 0100001000100000 2 0001000010001000 2 0100001000100000 2
71 0001001000100000 2 00010061000100000 2 0100000010001000 2 0100000010001000 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 0100000001001000 3
75 0000100100100000 2 0000100100100000 2 1000010000100000 3 1000010000100000 3
76 00001000100 16000 2 0000100010010000 2 1000001000010000 3 1000001000010000 3
77 000010000400+000 2 0100000001000100 2 0000100001001000 2 0100000001000100 2
78 0000100000100100 2 0000100000100100 2 1000000100001000 3 1000000100001000 3
79 0000100000000100 2 0000100000000100 2 1000000010000100 3 1000000010000100 3
80 0000100000000100 3 0000100000000100 3 0100000010001000 3 0100000010001000 3
81 0000100000100100 3 0000100000100100 3 1000100001000000 4 1000100001000000 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
3D LAVIVARVIVIVIVIVIVIVIVERVIVIY) ) UTU0U0UUT0UUTUUUU ] UoUTUUUU0OUUUTUUU J 0TO0000 100010000 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)

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
70 [VAVARVIVARVIVERVIVARVIVARY) I (VAVARVIVARVIVERVIVARVIVARY) 1 JAVVERVIVARVIVIVIVIVIVERVIV) TUUTUUTUUUUUUTOY 2
99 0010010001000010 1 0010010001000010 1 1001001000100100 3 1001001000106100 3
100 0010010000100001 1 0010010000100001 1 1000010001000010 1 1000010001,000010 1
101 0010001001001001 1 0100010010000010 1 0010001001001001 1 0100010010000010 1
102 0010001000100010 1 0010001000100010 1 1000010000100001 1 1000010000100001 1
103 0010001000010001 1 0010001000010001 1 1000001001001001 1 1000001001001001 1
104 0010000100010010 1 0010000100010010 1 1000001000100010 1 1000001000100010 1
105 0010000010000010 1 0010000010000010 1 1000001000010001 I 1000001000010001 1
106 0010000100001001 1 0100001000010000 2 0010000100001001 1 0100001000010000 2
107 0010000001000001 1 0010000001000001 1 10000001000100.10 1 1000000100010010 1
108 0001001001000010 1 0001001001000010 1 100000010000 1004 1 1000000100001001 1
109 0001001000100001 1 0001001000100001 1 1000000010006010 1 1000000010000010 1
110 0001000100100010 1 0001000100100010 1 1000000001000001 1 1000000001000001 1
111 0001000100010001 1 0001000100010001 1 0100000010001001 1 0100000010001001 1
112 0001000010010010 1 0001000010010010 1 1001001001001001 1 1001001001001001 1
113 0001000001000010 1 0001000001000010 1 1001001000100010 1 1001001000100010 1
114 0001000010001001 1 0100010000100000 3 0001000010001001 1 0100010000100000 3
115 0001000000100001 1 0001000000100001 1 1001001000010001 1 1001001000010001 1
116 0000100100100001 1 0000100100100001 1 1001000100010010 1 1001000100010010 1
117 0000100010010001 1 0000100010010004 1 1001000100001001 1 1001000100001001 1
118 0000100001001001 1 0100010001.600001 1 0000100001001001 1 0100010001000001 1
119 0000100000100010 1 0000100000100010 1 1000100100100100 2 1000100100100100 2
120 0000100000010001 1 0000100000010001 1 1000100100000100 2 1000100100000100 2
121 0000010000001001 1 0100001001000010 1 0000010000001001 1 0100001001000010 1
122 0000010000010010 1 0000010000010010 1 1000100000100000 2 1000100000100000 2
123 0010010010000100 2 0010010010000100 2 1000010010000100 2 1000010010000100 2
124 0010010000010000 2 0010010000010000 2 1000010000010000 2 1000010000010000 2
125 0010001000001000Q 2 0100001000100001 1 0010001000001000 2 0100001000100001 1
126 00100010010001.060 2 0010001001000100 2 1000001001000100 2 1000001001000100 2
127 0001000100001000 2 0100000100100010 1 0001000100001000 2 0100000100100010 1
128 0010000100700100 2 0010000100100100 2 1000001000001000 2 1000001000001000 2
129 0000160010001000 2 0100000100010001 1 0000100010001000 2 0100000100010001 1
130 0010000100000100 2 0010000100000100 2 1000000100100100 2 1000000100100100 2
131 0010000000100000 2 0010000000100000 2 1001001000000100 3 1001001000000100 3
132 0001001000010000 2 0001001000010000 2 1000100100100100 3 1000100100100100 3
133 0000100000001000 2 0100000010010010 1 0000100000001000 2 0100000010010010 1
154 LVVIVERVIVIVIVERVIVIVIVERVIY) Z LVVIVERVIVVIVERVIVIVIVERVIY) Z 10U TUU0UVU TU0OU0U 3 10U TUU0UVU TU0UU0U 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)

ISO/IEC 16449:2002(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

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 UuUU1UUVUTUUVUIUU ] UuuuUTUUOUTUOUTUU 3 1TU0UUUUUUUTUUUUU TUUUUUUUUUTUU! OO 2
148 0000100010001000 3 0100000010000100 3 0000100010001000 3 0100000010600400 3
149 0000100100010000 3 0000100100010000 3 1000000000100000 3 1000000000100000 3
150 0001000000010000 3 0001000000010000 3 0100000100001000 3 0100600100001000 3
151 0001000010000100 3 0001000010000100 3 1000000001000000 4 1000000001000000 4
152 0001000100001000 3 0100001000010000 3 0001000100001000 3 0100001000010000 3
153 0001001000010000 3 0001001000010000 3 1001000001000001 1 1001000001000901 1
154 0010000000100000 3 0010000000100000 3 0100000100001000 2 0100000100001000 2
155 0010000100000100 3 0010000100000100 3 1001000100100100 3 1001000100100100 3
156 0010000100100100 3 0010000100100100 3 1000100100100010 1 1000100100100010 1
157 0010001000001000 3 0100000000100001 1 0010001000004+000 3 0100000000100901 1
158 0010001001000100 3 0010001001000100 3 1000100160000100 3 0100100100000000 4
159 0010010000010000 3 0010010000010000 3 1001601001000100 2 1001001001000100 2
160 0010010010000100 3 0010010010000100 3 1004.001000001000 2 1001001000001000 2
161 0000001000010010 1 0100000000010000 3 1000100100010001 1 0100000000010000 3
162 0000001000001001 1 0100100100100100 2 1000100010010010 1 0100100100100100 2
163 0000000100000010 1 0100100100100100 3 1000100010001001 1 0100100100100100 3
164 0000000010000001 1 0100100100010016 1 1000100001000010 1 0100100100010Q10 1
165 0010010010010001 1 0010010010010001 1 1001000100100100 2 1001000100100100 2
166 0010010000100010 1 0010010000100010 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 1000100000100901 1
170 0010000100000010 1 0010000100000010 1 1000010010010001 1 1000010010010901 1
171 0010001000001001 1 0100100000100000 3 0010001000001001 1 0100100000100000 3
172 0010000010000001 I 0010000010000001 1 1000010001001001 1 1000010001001901 1
173 0001001000100010 1 0001001000100010 1 1000010000100010 1 1000010000100010 1
174 00010010000 16001 1 0001001000010001 1 1000010000010001 1 1000010000010901 1
175 0001000100016010 1 0001000100010010 1 1000001000010010 1 1000001000010Q410 1
176 0001000016000010 1 0001000010000010 1 1000001000001001 1 1000001000001901 1
177 0001001001001001 1 0100100010000010 1 0001001001001001 1 0100100010000010 1
178 0004000001000001 1 0001000001000001 1 1000000100000010 1 1000000100000010 1
179 0000100100100010 1 0000100100100010 1 1000000010000001 1 1000000010000901 1
180 0000100100010001 1 0000100100010001 1 0100100100001001 1 0100100100001901 1
18\ 0001000100001001 1 0100100000100000 2 0001000100001001 1 0100100000100000 2
182 0000100010010010 1 0000100010010010 1 0100010010001001 1 0100010010001901 1
1385 LAVIVIVARVIVIVIVARVIVIVIVARY) 1 LAVIVIVARVIVIVIVARVIVVIVARY) 1 UTUUUUTUUTUUTOUT 1 0TO000TO0TO0T001 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)

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
190 (VAVARVIVIVARVIVIVARVIVARVIY) UUTO0UTUUUTOUTUU JAVIVIVVVERVIVIVERVIVERVIV) TUUUUUTUUUTUUTOY 2
197 0010001000000100 2 0010001000000100 2 1000001000000100 2 1000001000006100 2
198 0010001001001000 2 0100010001000010 1 0010001001001000 2 0100010001,000010 1
199 0001001001000100 2 0001001001000100 2 0100001000001000 2 010000 }000001000 2
200 0001000100100100 2 0001000100100100 2 1001000000100000 3 1001,000000100000 3
201 0001000100000100 2 0001000100000100 2 1000100100001000 3 1000100100001000 3
202 0001001000001000 2 0100010000100001 1 0001001000001000 2 0100010000100001 1
203 0001000000100000 2 0001000000100000 2 1000100010000100 3 1000100010000100 3
204 0000100010000100 2 0000100010000100 2 1000010010001000 3 1000010010001000 3
205 0000100000010000 2 0000100000010000 2 1000010001000100 3 1000010001000100 3
206 0000100100001000 2 0100001000100010 1 0000100100001000 2 0100001000100010 1
207 0000010010001000 2 0100001000010001 1 0000010010001000 2 0100001000010001 1
208 0000010001000100 2 0000010001000100 2 1000001000100100 3 1000001000100100 3
209 0000010000001000 2 0100000100010010 1 00000.00000001000 2 0100000100010010 1
210 0000001000000100 3 0100000010000010 1 1000010000001000 3 0100000010000010 1
211 0000001000100100 3 0100000100100100 2 1000001001001000 3 0100000100100100 2
212 0000001001001000 3 0100000100000100 2 1000001000000100 3 0100000100000100 2
213 0000010000001000 3 0100000001000001 1 0000010000001000 3 0100000001000001 1
214 0000010001000100 3 0000010001000100Q 3 0100001000001000 3 0100001000001000 3
215 0000010010001000 3 0100000000100000 2 0000010010001000 3 0100000000100000 2
216 0000100000010000 3 0000100000010000 3 1001001000010000 3 1001001000010000 3
217 0000100010000100 3 00001000106000100 3 1001000100000100 3 1001000100000100 3
218 0000100100001000 3 0100000,00000100 3 0000100100001000 3 0100000100000100 3
219 0001000000100000 3 0001000000100000 3 0100000100001001 1 0100000100001001 1
220 0001000100000100 3 0001000100000100 3 1001001000010000 2 1001001000010000 2
221 0001000100100100 3 0001000100100100 3 1001000100001000 2 1001000100001000 2
222 0001001000001000 3 0100000100100100 3 0001001000001000 3 0100000100100100 3
223 00010010010001.0Q 3 0001001001000100 3 1001001000001000 3 1001001000001000 3
224 00100010000001.60 3 0010001000000100 3 1000100000010000 3 1000100000010000 3
225 00100010001.00100 3 0010001000100100 3 1001001001000010 1 1001001001000010 1
226 0010001001001000 3 0100001001000100 3 0010001001001000 3 0100001001000100 3
227 0010010000001000 3 0100100100000100 3 0010010000001000 3 0100100100000100 3
228 0010010001000100 3 0010010001000100 3 1001000100001000 3 1001000100001000 3
229 0010010010001000 3 0100000000100000 3 0010010010001000 3 0100000000100000 3
230 0010000001000000 4 0010000001000000 4 1001001000100001 1 1001001000100001 1
231 0000001001001001 1 0100100100100010 1 1001000100100010 1 0100100100100010 1
232 LVVVVIVIVARVIVIVERVIVIVALY) 1 UTUUTU0OUTOU0UT0U Z JLVAVARVIVIVARVIVIVERVIVIVE] 1 LV ARVIVARVIVIVERVIVIVIVERVIY) 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)

ISO/IEC 16449:2002(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
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
290 UUUTUUUVUITUUUVUUU T 1 UUUTUUUUTUUUUUU T I 100U 100000 T0U0VUTU I TO00TO0000T00910 1
246 0000100100010010 1 0000100100010010 1 1000100000010001 1 1000100000010901 1
247 0000100010000010 1 0000100010000010 1 1000010000010010 1 10000100000100410 1
248 0000100100001001 1 0100010010010001 1 0000100100001001 1 0100010010010901 1
249 0000100001000001 1 0000100001000001 1 1000010000001001 1 1000010000001Q01 1
250 0000010010010010 1 0000010010010010 1 1000001000000010 1 1000001000000010 1
251 0000010001000010 1 0000010001000010 1 1000000100000001 1 1000000100000901 1
252 0000010010001001 1 0100010000100010 1 0000010010001001 1 0100010000100010 1
253 0000010000100001 1 0000010000100001 1 0100100010001001 1 0100100010001901 1
254 0000001001000100 2 0100010000010001 1 1001000000010000 2 0100010000010Q01 1
255 0000001000001000 2 0100001000010010 1 1000100100016000 2 0100001000010010 1
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Table G.2 - Substitution 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
0 0000010010000000 4 0000010010000000 4 0100100001001000 2 0100100001001000 2
1 0000100100000000 4 0000100100000000 4 0100100001001000 3 0100100001001000 3
UuUU 10U TUUUU00U0UU 4 UuUuU 10U TUUUU0U0UU 4 UITUUTUUUUUUUI0UT 1 UITUUTUUUUUUUIUUT 1
3 0000001001000000 4 0100010000000001 1 1000001000000000 4 0100010000006001 1
4 0000000100100000 3 0100100000000010 1 1001000000000100 3 0100100000000010 1
5 0000000010010000 3 0100001000000000 4 1001000000100100 3 010000 }000000000 4
6 0000000001001000 3 0100100000000100 2 1001000001001000 3 0100100000000100 2
7 0000000001001000 2 0100000100000000 4 1001000000000100 2 0100000100000000 4
8 0000000010010000 2 0100100010010000 3 1001000000100100 2 0100100010010000 3
9 0000000100100000 2 0100100000100100 2 1001000001001000 2 0100100000100100 2
10 0000010001000000 4 0000010001000000 4 1001001001000000 4 1001001001000000 4
11 0000100010000000 4 0000100010000000 4 1000100001001000 3 1000100001001000 3
12 0001000100000000 4 0001000100000000 4 0100010001001000 3 0100010001001000 3
13 0010001000000000 4 0010001000000000 4 1000100000006100 3 1000100000000100 3
14 0000001000100000 3 0100100000000100 3 1001000040010000 3 0100100000000100 3
15 0000000100010000 3 0100100010010000 2 1001600100100000 3 0100100010010000 2
16 0000000010001000 3 0100001000000001 1 0100100000001000 3 0100001000000001 1
17 0000000001000100 3 0100010000000010 1 Q100100010001000 3 0100010000000010 1
18 0000000001000100 2 0100100000100100 3 1001000010010000 2 0100100000100100 3
19 0000000010001000 2 0100100100100000 3 1001000100100000 2 0100100100100000 3
20 0000000100010000 2 0100100100100000Q 2 0100010001001000 2 0100100100100000 2
21 0000001000100000 2 0100100000010010 1 0100100000001000 2 0100100000010010 1
22 0000010010000001 1 0000010010600001 1 1000100000100100 3 1000100000100100 3
23 0000100100000001 1 0000100100000001 1 1000100010010000 3 1000100010010000 3
24 0001001000000001 1 0001001000000001 1 0100100010001000 2 0100100010001000 2
25 0010010000000001 1 0010010000000001 1 1000100000000100 2 1000100000000100 2
26 0000000001001001 1 0100010000000100 3 1000010000000001 1 0100010000000100 3
27 0000000010010001 1 0100000100000001 1 1000100000000010 1 0100000100000001 1
28 0000000100100001 1 0100010000000100 2 1001000000001001 1 0100010000000100 2
29 0000001001000004 1 0100001000000010 1 1001000000010010 1 0100001000000010 1
30 0000100001000000 4 0000100001000000 4 1000100000100100 2 1000100000100100 2
31 0001000010000000 4 0001000010000000 4 1000100001001000 2 1000100001001000 2
32 0010000100000000 4 0010000100000000 4 0100010000001001 1 0100010000001001 1
33 0000010000100000 3 0000010000100000 3 0100100001001001 1 0100100001001001 1
34 0000001000010000 3 0100010000010010 1 1000100100100000 3 0100010000010010 1
35 0000000100001000 3 0100100000010001 1 1001000000001000 3 0100100000010001 1
36 0000000010000100 3 0100000010000000 4 1001000001000100 3 0100000010000000 4
37 0000010000100000 2 0000010000100000 2 1000001000000001 1 1000001000000001 1
38 LVVIVIVIVIVVIVERVIVIVIVERVIY) Z UTUUUT0U0UUT0UT0U ) JLVVIVARVIVVERVIVERVIVIVIY) Z UTUUUTUUUUT0UT0U 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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Table G.2 - Substitution table (concluded)

ISO/IEC 16449:2002(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
47 0010001000000001 1 0010001000000001 1 1000100000010010 1 1000100000010010 1
48 0010010000000010 1 0010010000000010 1 0100010000001000 3 0100010000001000 3
49 0000000001000010 1 0100100010010001 1 1001000000010001 1 0100100010010001 1
JU UUUUUUUVUITUUUTIUUT I UT1UU1UUVUUTUUVUIUU 3 JAVVARVVIVIVIVIVARVIVIVARY) I UTuuUTUUOUTUUU 00 3
51 0000000010010010 1 0100010010010000 3 1001000001001001 1 0100010010610900 3
52 0000000100010001 1 0100010010010000 2 1001000010010001 1 0100010010010000 2
53 0000000100100010 1 0100100001000100 2 1001000100100001 1 01004+00001000100 2
54 0000001000100001 1 0100100100100001 1 1001001001000001 1 0100400100100901 1
55 0000001001000010 1 0100100100010000 3 0100001000001001 1 0100100100010000 3
56 0001000001000000 4 0001000001000000 4 1001001000100000 3 1001001000100000 3
57 0010000010000000 4 0010000010000000 4 1001000010001000 2 1001000010001000 2
58 0010010010010000 3 0010010010010000 3 1001000100010000 2 1001000100010000 2
59 0010010001001000 3 0100100100010000 2 0010010001001000 3 0100100100010000 2
60 0010010000100100 3 0010010000100100 3 1001001000106000 2 1001001000100000 2
61 0010010000000100 3 0010010000000100 3 0100001064001000 2 0100001001001000 2
62 0001001001001000 3 0100000010000001 1 0001601001001000 3 0100000010000901 1
63 0001001000100100 3 0001001000100100 3 0100001001001000 3 0100001001001000 3
64 0001001000000100 3 0001001000000100 3 0100010010001000 3 0100010010001000 3
65 0000100100100100 3 0000100100100100 3 0100100100001000 3 0100100100001000 3
66 0000100100000100 3 0000100100000100 3 1000010000000100 3 1000010000000100 3
67 0000100000100000 3 00001000001000006 3 1000010000100100 3 1000010000100100 3
68 0000010010000100 3 0000010010000160 3 1000010001001000 3 1000010001001000 3
69 0000010000010000 3 0000010000016000 3 1000010010010000 3 1000010010010000 3
70 0000001001000100 3 0100001000000100 2 1000100000001000 3 0100001000000100 2
71 0000001000001000 3 01001,00000010000 3 1000100010001000 3 0100100000010000 3
72 0000000100100100 3 0100010001000100 3 1000100100010000 3 0100010001000100 3
73 0000000100000100 3 0100001000100100 3 1001000000010000 3 0100001000100100 3
74 0000010000010000 2 0000010000010000 2 1000100001000100 3 1000100001000100 3
75 0001001001001000 2 0100001000000100 3 0001001001001000 2 0100001000000100 3
76 00000100100001060 2 0000010010000100 2 0100010000001000 2 0100010000001000 2
77 0000100000100000 2 0000100000100000 2 0100010010001000 2 0100010010001000 2
78 001001000400+000 2 0100000100000010 1 0010010001001000 2 0100000100000010 1
79 0000100106000100 2 0000100100000100 2 0100100100001000 2 0100100100001000 2
80 0000100100100100 2 0000100100100100 2 1000010000000100 2 1000010000000100 2
81 0004001000000100 2 0001001000000100 2 1000010000100100 2 1000010000100100 2
82 0001001000100100 2 0001001000100100 2 1000010001001000 2 1000010001001000 2
83 0010010000000100 2 0010010000000100 2 1000010010010000 2 1000010010010000 2
84 0010010000100100 2 0010010000100100 2 1000100000001000 2 1000100000001000 2
85 0010010010010000 2 0010010010010000 2 0100010001001001 1 0100010001001901 1
30 LAVAVIVIVIVAVERVIVIVIVIVARVLY) Z UTU0UUTU0OUTUUTUU 1000 T0UUUTUUUTUU 0TO000 1000100100 2
87 0000000100100100 2 0100010001000100 2 1000100010001000 2 0100010001000100 2
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