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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnic

al standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in §fhe TSO/TEC Directives, Part 1. In particular, the different approval criteria needed

different type

editorial rule

s of ISO documents should be noted. This document was drafted in accordance w|
b of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document maybe the sul

patent rights.

any patent rig
on the ISO list

ISO shall not be held responsible for identifying any or all such patentrights. De
hts identified during the development of the document will be in theIntroduction
of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and d¢

constitute an

For an expla

expressions T
World Trade (

iso/foreword

endorsement.

elated to conformity assessment, as well as infgrmation about ISO's adherence
rganization (WTO) principles in the Technical Barriers to Trade (TBT), see www.is
html.

This docume
Subcommitte

This third ed

technically re

The main cha|
control (PAC)

Any feedback
complete listi

ht was prepared by Joint Technical Committee ISO/IEC JTC 1, Information Tech
e SC 23, Digitally recorded media for information interchange and storage.

ition cancels and replaces the seécond edition (ISO/IEC 30190:2016), which ha
vised. It also incorporates the Amendment ISO/IEC 30190:2016/Amd 1:2019.

Inge compared to the previous edition is the addition of requirements for physical
and reserved area of BD application.

hg of these bodjes dan be found at www.iso.org/members.html.

or the
ith the

ject of
ails of
hnd /or

es not

hation of the voluntary nature of standards, thesmeaning of ISO specific terms and

to the

0.0rg/

nology,

5 been

dCCess

or questions on this.document should be directed to the user’s national standards hody. A
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Introduction

In March 2002, the Blu-ray Disc Founders, or BDF, came together to create optical-disk for

mats with the

large capacity and high-speed transfer rates that would be needed for recording and reproducing high-

definition video content.

The Blu-ray Disc Association (BDA) issued the first version of the Blu-ray Disc™ Recordable Format
Partl in October 2005, and Version 1.3 of the Blu-ray Disc™ Recordable Format Partl in April 2008,

which enabled the recording velocity up to 6x.

To keep the compatlblllty of the removable medlum in the market ]ust to make a standard
and it fsre R
Verlflc

was k

the inclusion of writable BDs, along with DVDs and CDs, in @n International Standg
test mlethods for the estimation of lifetime of optical storage-miedia for long-term da
Octobgr 2011, the BDA responded that it had decided to pursue international standardi
basic physical formats for the Recordable and Rewritable Blu-ray™ Format.

In Dedember 2011, the BDA sent project proposals for’international standardization of
They are 120 mm single layer (25,0 Gbytes per disk) and dual layer (50,0 Gbytes per disk) H
disks, 120 mm single layer (25,0 Gbytes per disk) and dual layer (50,0 Gbytes per disk) H
disks, [120 mm triple layer (100,0 Gbytes percdisk) and quadruple layer (128,0 Gbytes
Recordable disks and a 120 mm triple layer (100,0 Gbytes per disk) BD Rewritable disk.

A few jadditional specifications are required in order to write and read video-recording
such as the BDMV and BDAV formatsf{which have been specified by the BDA for use on }
disks. [These specifications, whichlare related to the BD application, the file systems d
protedtion system, are required-\for the disk, the generating system and the receiving syst

The International Organization for Standardization (ISO) and International Elg
Commijssion (IEC) draw-attention to the fact that it is claimed that compliance with this d
involve the use of a patent.

[SO and [EC takemo:position concerning the evidence, validity and scope of this patent rig

The hg
reasorjablé and non-discriminatory terms and conditions with applicants throughout the
respedt)the statement of the holder of this patent right is registered with ISO and IEC. Inf

is not enough,
eBDA conducts
ng centers in

rame popular
v years. But it

v government

anuary 2011,
pr this was to
rd specifying
fa storage. In
zation for the

four formats.
D Recordable
D Rewritable
per disk) BD

applications,
BD recordable
r the content
emd).

ctrotechnical
ocument may

ht.

lder ofthis patent right has assured ISO and IEC that he/she is willing to negotiate licences under

world. In this
brmation may

be obtained from the patent database available at WWW.iso.0rg/patents.

Attention is drawn to the possibility that some of the elements of this document may be the subject
of patent rights other than those in the patent database. ISO and IEC shall not be held responsible for

identifying any or all such patent rights.

NOTE Blu-ray™, Blu-ray Disc™ and the logos are trademarks of the Blu-ray Disc Association.

1) For more information of the BD application, the content-protection system and the additional requirements for

the Blu-ray™ Format specifications, see http://www.blu-raydisc.info.
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INTERNATIONAL STANDARD

ISO/IEC 30190:2021(E)

Information technology — Digitally recorded media for
information interchange and storage — 120 mm Single
Layer (25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes

per

disk) BD Recordable disk

1 Srnpp

This d
optica
unrec

ocument specifies mechanical, physical and optical characteristics of a 120/m
disk with a capacity of 25,0 Gbytes or 50,0 Gbytes. It specifies the quality ofthe
rded signals, the format of the data and the recording method, thereby allowing fq

interchange by means of such disks. User data can be written once and read\many time

revers
This d
— th
th
th

th
bd

th
th
th

ible method. This disk is identified as BD recordable disk.
bcument specifies the following:

ree related but different types of this disk;

b conditions for conformance;

e environments in which the disk is to be operated and stored;

e mechanical and physical characteristics of the disk, so as to provide mechanicg
tween data processing systems;

e format of the information on the disk, iiicluding the physical disposition of the track
e error-correcting codes and the coding method used;

e characteristics of the signalsirecorded on the disk, enabling data processing sy

d4qta from the disk.

This d|
volum

2 N

The fo
consti
undatse

bcument provides for. interchange of disks between disk drives. Together with 3
e and file structure, it\provides for full data interchange between data processing s

prmative references

llowing(documents are referred to in the text in such a way that some or all of]
utes-Fequirements of this document. For dated references, only the edition cite
daeferences, the latest edition of the referenced document (including any amendnj

Im recordable
recorded and
r information
5 using a non-

| interchange

sand sectors;

stems to read

standard for
ystems.

their content
d applies. For
ents) applies.

ISO 93

52, Plastics — Determination of resistance to wear by abrasive wheels

ISO/IEC 646, Information technology — ISO 7-bit coded character set for information interchange

ISO/IEC 30193, Information technology — Digitally recorded media for information interchange and
storage — 120 mm Triple Layer (100,0 Gbytes per disk) BD Rewritable disk

IEC 60

068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h + 12 h cycle)

IEC 60

950-1, Information technology equipment — Safety — Part 1: General requirements

© ISO/IEC 2021 - All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 30193 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

;'3.1

in-groove

geometry where grooves are farther from the entrance surface of a disk than the lands
4 Symbol|and abbreviated terms

ac altefnating current MM MSK mark

ADIP addiess in pre-groove MSB most significant Byte

APC automatic power control msb most significant bit

AU address unit MSK minimumshift keying

AUN addfess unit number MwW memnoetone wobble

BCA burdt-cutting area NA humerical aperture

BIS burgt-indicating subcode NRZ non-return-to-zero

BPF band-pass filter NRZI non-return-to-zero inverting
CAV congtant angular velocity NWA Next writable address

cbs charjnel bits NWL nominal wobble length
CNR carrfer-to-noise ratio OPU optical pick-up unit

dc direft current PAA physical ADIP address

DCZ drivg calibratien'zone PIC permanent information and control data
DDS disktdefinition structure PLL phase-lock loop

DFL defectlist PoA post-amble

DI disk information PP push-pull

DL dual layer pp peak-to-peak

DMA disk management area PrA pre-amble

DMS disk management structure PSN physical sector number
DSV digital sum value Ry relative humidity

EB emergency brake RHWG  ratio HFM-wobbled groove
ECC error-correction code RIN relative intensity noise
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EDC error detection code RMTR repeated minimum-transition run length

FAA first ADIP address (of data zone) RS Reed-Solomon (code)

FS frame sync Ry relative thickness

FWHM full width at half maximum RUB recording unit block

HF high frequency SER symbol error rate

HFM high frequency modulated SL single layer

HMW [ harmonic modulated wave S/N Signal-to-noise ratio

HPF high-pass filter SRM sequential recording mode

HTL high-to-low SRR sequential recordingrange

Iyyws | normalized HFM-wobble signal SRRI sequential recording range information
amplitude

Iyws normalized wobble signal ampli- STW saw-topth wobble
tude

LAA last ADIP address (of data zone) Sync synchronization

LDC long-distance code TDDS temporary disk-definition stryicture

LPF low-pass filter TDEL temporary defect list

LRA Last recorded address TDMA temporary disk management grea

LSB least significant byte TDMS temporary disk management §tructure

Isb least significant bit TP track pitch

Lsyp second harmonic distoxtion level TS transmission stack

Ly second harmonictevel Vet reference velocity

LSN logical sectar number wbs wobbles

LTH low-to-high

5 CTnformance

5.1 Optical disk

A claim of conformance with this document shall specify the type implemented. An optical disk shall be
in conformance with this document if it meets all mandatory requirements specified for its type.

5.2 Generating system

A generating system shall be in conformance with this document if the optical disk it generates is in
accordance with 5.1.

5.3 Receiving system

A receiving system shall be in conformance with this document if it is able to handle all three types of
optical disk according to 5.1.
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5.4 Compatibility statement

A claim of conformance by a generating or receiving system with this document shall include a statement
listing any other standards supported. This statement shall specify the numbers of the standards, the
optical disk types supported (where appropriate) and whether support includes reading only or both
reading and writing.

6 Conventions and notations

6.1 Levels of grouping

Data is often ¢ollected into groups where these groups of data can be collected into higher level. groups.
For the clarity of the grouping hierarchy, in this document, the following levels of hierarchy-ane ysed:

Frame: the lowest level of grouping. Generally, frames contain bytes of informatiehn.

Block: the second level of grouping. Generally, blocks consist of a numberfframes.

Cluster: the highest level of grouping. Clusters consist of several blocks:

Fragment: a level of grouping that can be applied by the applicationzA-certain amount of daffa is al-

located to a (fixed) number of consecutive clusters.

6.2 Repregentation of numbers

A measured yalue, X .,sureq» May be rounded off to the least significant digit of the corresppnding
specified valde, x, before being compared with this specified value.

EXAMPLES:

: . f v +0,01 ,
The spec|fication is: x—1,26_0'02 :

(nominallvalue = 1,26 with a positive tolerance of +0,01 and a negative tolerance of -0,02)
— ameasured value in the range)1,235 < X . cureq < 1,275 fulfills this specification.
— The spec{fication is: x < 0,3:

a measured value x 4 < 0,35 fulfills this specification

measure

(rounding off isiapplied for 0,30 < x a4<0,35: X.ounded = 0,3);

measure

— The specificatienvs: x < 0,3:

a measin'ed value X ..cureq = 0,299 fulfills this specification

(no rounding off needs to be applied);

— ameasured value X, . req = 0,3 exactly does not fulfil this specification.

In case the specified value is given as “maximum x units” or “minimum x units”, the measured value
shall not be rounded off before comparing to the specified value. Parameters given in this way shall not
violate the specified limits set by the exact value of x.

EXAMPLES:
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— The specification is maximum 0,3 mm:

a measured value of 0,300 mm fulfills this specification;

a measured value of 0,301 mm does not fulfil this specification;

— The specification is minimum 3 dB:

Numbe¢

large 1

Numb
parent
0to9

Numb
signifi

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

Inap
signifi

An uninterrupted sequences of m 0s in a bit pattern cai be represented by [0™].

The se

In dat2
as byt

In a fig
(Isb). H

In dat
nibble

In a fi¢
(Isb). H

Arang

A list g
k=0..

a measured value of 3,00 dB fulfills this specification;

a measured value of 2,99 dB does not fulfil this specification.

“«wn

umbers, the “” (space) can be used as digit grouping symbol.

brs in hexadecimal notation are represented by the hexadecimal digits.0 to 9

br Ato F.

r's in binary notation and bit patterns are represented by strings’of digits 0 and 1,
Cant bit shown to the left. The character x in binary numbers represents a digit 0 oy

cant bit (Isb). Bit b(,_;y shall be recorded first.

tting of bits is denoted by ZERO and ONE.

fields composed of bytes, the data is recorded so that the most significant byte (M
0, shall be recorded first and the least significant byte (LSB) last.

1d of 8n bits, bit b(g,_;) shall he’the most significant bit (msb) and bit b, the least
it bg,_q1y shall be recorded first.

| fields composed of nibbles, the data is recorded so that the most significant nibblg
0, shall be recorded first and the least significant nibble last.

1d of 4n bits, bjt'b,_;y shall be the most significant bit (msb) and bit b, the least
it by ,_1) shall be'recorded first.

e of valuesds indicated as x ~ y, where x and y are included in the range.

” (comma). In

ind A to F in

heses or followed by lowercase “h”. The character x in hexadecimal numbers repregents any digit

with the most
1.

attern of n bits, bit b(,_;; shall be the most significant*bit (msb) and bit b, shall be the least

bB), identified

significant bit

, identified as

bignificant bit

fintegers is indicated as i .. j. The list contains all numbers between i and j, including i and j (e.g.

7¥Afthe step size is different from one, this is indicated as: i, (i + step) ..j (e.g. k=1
2)

4 ..16, where

step =

COE

A group of parameters is indicated as Param m .. n or P, .. P,.. The group contains all parameters with an
index between m and n, including m and n (e.g. byte 16 .. 31, bit 7 .. 4, Add, .. Addss).

If x is nearly equal to y, then it is expressed as x = y.

6.3 Integer calculus

div(n,d) represents the integer part of the division of n by d

mod(n,d) represents the remainder of the division of n by d: mod(n,d) = n - d x div(n,d)

For example:
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div(+11,

mod(+11, +3) = +2

+3) =43 div(-11,+3) =-3 div(+11,-3) =-3 div(-11,-3) =+3

mod(-11, +3) = -2 mod(+11, -3) = +2 mod(-11,-3) = -2

floor(x) represents the largest integer number <x.

For example:

floor(+3,7) = +3

floor(-3,7) = -4

7 General description of disk

The 120 mm pptical disk that is the subject of this document consists of a substrate of abgut 1
nominal thiclness. Clamping is performed in the clamping zone.

The recording layer of the disk may use high-to-low (HTL) or low-to-high (LTH) technblogy. Re

HTL marks

reflection thajn the unrecorded layer(s).

This documer

Type SL/HTL
top of this red
characteristic

Type DL/HTL
films. The twg
recording layze

layer, a transparent cover layer of about 0,075 mm is-applied. Both the spacer layer and the cove

shall have pre

Type SL/LTH
On top of this
optical charag

To improve th
coating.

Data can be W
low-power fo

The recordin
navigation sy

Recording an

,1 mm

rorded

ave lower reflection than the unrecorded layer(s), recorded LTHC(marks have fhigher

t provides for three types of such disks.

ms. On
bptical

disk the substrate is covered with an HTL recording layef; gonsisting of several fil
ording layer, a transparent cover layer of 0,1 mm is applied with precisely defined
s (see Figure 1). The capacity is 25,0 Gbytes.

disk the substrate is covered with two HTL recording layers, each consisting of geveral
recording layers are separated by a transparent spacer layer of about 0,025 mm. The first
br seen from the read-out side of the disk shallbe semi-transparent. On top of this recording
r layer
cisely defined optical characteristics (see Figure 2). The capacity is 50,0 Gbytes.

films.
efined

disk the substrate is covered with'an LTH recording layer, consisting of several
recording layer, a transparentgover layer of 0,1 mm is applied with accurately d
teristics (see Figure 3). The.capacity is 25,0 Gbytes.

e scratch resistance, thie cover layer optionally can be protected with an additiongl hard

with a
ces.

fritten on the diskwith a high-power focused optical beam. The data can be read
used optical beam, using the difference in the reflectivity of the marks and the sp4

b layer(s).¢ontain wobbled groove(s) with addresses that enable a speed control and

stem for the data to be written to the recording layer concerned.

tack of

| read-out of the data is accomplished through the cover layer or through the total s

bt ncordinglauar and e lagay depnandinaonahich racording lagar 1o 1ol
= T - WHEH e €oTa H

cover layer, fi

For reference
layer is called

7oy
STTCCOTOUTITS IOy ©T o it T oy O, T peTIoTTs TS Ty CT 1y TVOTV e,

purposes all layers that the light beam passes through when accessing a certain recording
the transmission stack of that specific recording layer (see Figures 1, 2 and 3).
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(Protective coating)
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Cover layer

/

Entrance surface
for optical beam

Figure 1 — Outline of type SL/HTL disk
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Eigure 2 — Outline of type DL/HTL disk
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Figure 3 — Outline of type SL/LTH disk

This document specifies four kinds of recording velocity: 1x, 2x, 4x, 6x.


https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

Figure 4 shows the recording velocity requirements for each disk type.

. Disk type parameters Recording velocity
Disk type Mark Push-pull Layer
polarity | polarity (see 26.1) | type 1x 2x 4x 6x
Type SL/HTL HTL On-groove SL M M
Type DL/HTL HTL On-groove? DL M M
Type SL/LTH LTH In-groove SL M M

M mandatary
O optiongl
aGroove geometry is on-groove for both layer L0 and layer L1 (see 15.2).

Figure 4 — Recording velocity requirements for disk type

Figure 5 shows the recording velocity requirements for the disk (see 15.8.3.7),

| Type SL/HTL | Type DL/HTL Type SL/LTH
1x 2xX 4x 6x 1x 2X 4x 6x 1x 2x 4x 6x
2x disk M M — — M M — — M M — -+

4x disk M M M —

=

M M — M M T

6x disk M M M M M M M M M M M M

M mandatpry
— not alloyed in this document.

=

Figure 5 — Recording velocity requirements for disk

8 General requirements
8.1 Environments

8.1.1 Test ¢nvironment

8.1.1.1 General

During measuremernts fortesting conformrarnce of a disk withthis documrent, thediskshattbe in the
test environment. The test environment is the environment where the air immediately surrounding the
disk shall have the following properties:

— temperature, T: (23 £2)°C;
— relative humidity, Ry: 45 9% to 55 %j;
— atmospheric pressure: 86 kPa to 106 kPa.

No condensation on the disk shall occur. Before testing, the disk shall be conditioned in this environment
for a sufficient time.

8 © ISO/IEC 2021 - All rights reserved
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8.1.1.2 Test conditions for sudden change in operating environment

Some parameters can be rather sensitive to changes in the operating environment. Where specified,
the following two tests shall be performed. In both cases, the required specifications shall be fulfilled
during the time it takes for the disk to acclimatize to the new environment.

a) Apply a sudden change in relative humidity, while keeping the temperature at a constant level:
Ry =90 %, T=25°C— Ry=45%, T =25 °C (see Figure 6).

b) Apply a sudden change in temperature, while keeping the absolute humidity at a constant level
(about 10,4 g/m3): T =25 °C, Ry; = 45 % — T =55 °C, Ry= 10 % (see Figure 6).

8.1.2 | Operating environment

A disklin conformance with this document shall provide data interchange over the spé¢cified ranges
of enyironmental parameters in the operating environment. The operating. efivirohment is the
environment where the air immediately surrounding the disk shall have the foowing pr¢perties:

— te¢mperature, T: 5°Cto 55 °C;

— rdlative humidity, Ry: 3 % to 90 %;

— abpsolute humidity: 0,5 g/m3 to 30 g/m3;
— atjmospheric pressure: 60 kPa to 106 kPa.

There ghall be no condensation of moisture on the disk«lf'a disk has been exposed to conditions outside
those $pecified above, it shall be acclimatized in an eperating environment for at least 2 hl before use.

© ISO/IEC 2021 - All rights reserved 9


https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

Absolute air humidity, g/m3

01 05 1 10 30 100
100 T ] ] |
1 1|t \ \ \
1 | \ \ \ \
T T 1 T
1 \ \
1 \ \
80 T[] \ T
1] 1 \
| \ i \ \
1 1 1 \ v
1 o \ \
\ (| E) \
60 1 \ \
- \ \ \ \
> \ (I \ '
2 ] (I \ Y
= \ v \ \
£ \ b \ g
2 40 T | - V ;
) A\
= \ Vo \ \
S \ v ) \
& v (- %, \
\ \ W)L \
\ \ \ QQ ) \ \
20 . i N < S
\ v N g\Q N N \
\ N
\\ Al 0 s >
N \ N > N ~ o
N - \ I - S < - ~q
0 Tl= = ~orF=--- - ==
-40 -20 20 40 60 80 100
Temperature, °C
Figure 6 — Operating environment
8.1.3 Storajge environment
8.1.3.1 Gerleral
The storage dnvirenment is an environment where the air immediately surrounding the optic
shall have the| following properties:

h] disk

—  temperature, T

—  relative humidity, Ry:
—  absolute humidity:
atmospheric pressure:

maximum temperature variation:

10

maximum relative humidity variation:

-10°C to 55 °C;

5 % to 90 %;

1 g/m3to 30 g/m3;
60 kPa to 106 kPa;
15°C/h;

10 %/h.
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8.1.3.2 Climate storage tests
To check environmental stability of the disk, it shall be exposed to the following environments:
— dry heat test according to IEC 60068-2-2 Ba:
T=55°C,Ry=50%,96 h;
— damp heat cycle test according to IEC 60068-2-30 Db:
Thigh =40 °C, Tyoy = 25 °C, Ry = 95 %, cycle time = (12 + 12) h, 6 cycles.

After exposure to these environmental conditions, one should allow for some recovery time before
measufring [(24 or 48) h].

8.1.4 | Transportation

8.1.4.1 General

As trapsportation occurs under a wide range of temperature and humidity variations| for differing
periods, by many methods of transport and in all parts of the wotld, it is not possible to specify
manddtory conditions for transportation or for packaging.

8.1.4.2 Packaging

8.1.4.2.1 General

The form of packaging should be agreed between sender and recipient. In absence of such 4n agreement,
it is the responsibility of the sender. It should take into account the following hazards.

8.1.4.2.2 Temperature and humidity,

Insulation and wrapping should be designed to maintain the conditions for storage over fhe estimated
period of transportation.

8.1.4.2.3 Impactloads and'vibrations

a) Avoid mechanical lpads that would distort the shape of the disk.

b) Avoid droppingithe disk.

c) Digks should'be packed in a rigid box containing adequate shock-absorbent material.

d) THe final*box should have a clean interior and a construction that provides sealing fo prevent the
ingress of dirt and moisture.

8.2 Safety requirements

The disk shall satisfy the requirement of I[EC 60950-1, when used in the intended manner or in any
foreseeable uses 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 specified in [EC 60950-1.

© ISO/IEC 2021 - All rights reserved 11
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9 Reference drive

9.1 General

A reference drive shall be used for the measurement of optical and electrical signal parameters for
conformance with the requirements of this document. The critical components of this device have the
characteristics specified in Clause 9.

9.2 Measurement conditions

During tests, the disk shall be in a test environment as defined in 8.1.1, unless stated otherwise.

9.3 Optica] system

The basic setjup of the optical system of the reference drive used for measuring spe¢ified wrltle and
read parametprs is shown in Figure 7. Different components and locations of componerits are permitted,
provided thatjthe performance remains the same as that of the set-up in Figure 7.

The optical syjstem shall be aligned such that the focused optical beam is perpéndicular to the recording
layer on which the beam is focused at the radius where the measurement is\te*be performed.

The optical system shall be such that the detected light reflected from\the entrance surface of the disk
is minimized po as not to affect the accuracy of the measurements.

I1=1a+db HF read channel

Radial PP read channel

l2=Ic+la |
I I
an ’ Ia | Iy edla
— L I Quadrant
[angential \\j | —_— | photodetector
rack la le !
Hirection [
:A
|
|
————————————— i Gl iy e (i Disk
[Jaser Collimator Polarizing SA A/4 Objective
diode lens beam splitter corrector plate lens

Figure 7 — Optical system of reference drive

A polarizing beam splitter and a quarter-wavelength plate shall be used to separate the entrance
light beam, coming from the laser diode and light beam reflected by the optical disk going toward the
photodetector. The light beam transmitted through the splitter shall have a p:s intensity ratio of at
least 100:1.

The optical beam shall be compensated for spherical aberrations (SA) such that these aberrations are
minimized for the thickness of the transmission stack of the recording layer on which the beam is
focused at the radius where the measurement is to be performed.

12 © ISO/IEC 2021 - All rights reserved
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During measurements on one layer of a dual-layer disk, light reflected from the other layer can influence
the measurements on the layer under investigation. To cope with these effects, the photodetector shall
have limited dimensions. Its length and width shall be smaller than M x 5 pm, where M is the transversal
optical magnification from the disk to its conjugate plane near the quadrant photodetector.

9.4 Optical beam

The focused optical beam used for writing and reading data shall have the following properties:

— wavelength (A) of the laser beam: (405 £ 5) nm;
—  pplarizatien: eretras
— NA: 0,85+ 0,0%;

lowa)
Q

S —1

— I

- in the tangential direction:

- in the radial direction:

P
10xlg| }

Pdc
here

Pm
Py

is the ac light density, in Hz;
is the dc light power.

C

brmalized detector size:

- SL disk:

- Dl disk:

aximum wave-front aberration at the recording layer(s):
fter correction of tilt and spherical aberrations)

aximum relative intensity noise of the laser diodé:

bad powerAfor disk testing (average):

ight intensity at the rim of the pupil of the objective lens relative to the maximum intensity:

(60 £ 5) %;
(65 = 5) %;
0,033 x Arms;

~125 dB/Hz;

S/M?% < 25 pm?

where S is the fotal surface
of the 4-quadrant photode-
tector;

(0,35 + 0,1) mW;
(0,70 + 0,1) mW;

— write power and pulse shape:

9.5 HF read channel

For write power, see 29.4.2
for the detailed specifica-
tions.

The pulse shape shall follow
Annex F.

The HF read channel is provided to supply a signal from which the user data can be retrieved. This
signal is generated by summing the currents from all four elements of the photodetector (I, + I}, + I + 1).
These currents are modulated by the user-written information due to the difference in reflectivity of
the marks and spaces.

© ISO/IEC 2021 - All rights reserved
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In the frequency range from dc to 22 MHz, the HF read channel including the photodetectors shall
have a flat amplitude response within +1,0 dB relative to its dc gain. The group delay variation shall be
maximum 2 ns pp in the frequency range from 3 MHz to 22 MHz.

For measurement of jitter, the characteristics of the signal processing, the data slicer and the PLL, etc.,
are specified in Annex H.

9.6 Radial PP read channel

The radial PP read channel provides the tracking error signal to control the servo for radial tracking of
the optical beam. It also provides a wobble signal from which the information modulated on the grooves
can be retrieved

The radial tricking error is generated as a signal [(I, + I,)) - (I. + I)] related to the differénce|in the
amount of light in the two halves of the exit pupil of the objective lens.

The read amplifiers, including the photodetectors, in the radial PP read channel ‘shall have| a flat
amplitude regponse within 1,0 dB relative to the dc gain from dc to 8 MHz.

9.7 Disk clamping

While its parpmeters are being measured, the disk shall be clampedcbetween two concentri¢ rings
covering mosf of the clamping zone (see 10.6). The top clamping area‘shall have the same innler and
outer diametdrs as the bottom clamping area (Figure 8).

Clamping shall occur between d;,, = (23,5 £ 0,5) mm and d,,,; (32,5 = 0,5) mm.
The total clampping force shall be F; = 2,0 N+ 0,5 N.

In order to prevent warping of the disk under the moment of force generated by the clamping forjce and
the chucking force F,, which is exerted by the tapered cone on the rim of the centre hole of the disk, F,
shall not excepd 0,5 N (see Figure 8).

The top angle} 6., of the tapered cone for cenfering of the disk shall be 40,0° + 0,5°.

Fl n : Fl

-

A

F,
Figure 8 — Clamping conditions for measurement
9.8 Rotation of disk and measurement velocity

The direction of rotation shall be counter-clockwise as viewed from the objective lens.

All specifications are based on a tangential speed during reading that is equal to the reference velocity,
unless otherwise specified. This corresponds to a constant linear velocity of 4,917 m/s.
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9.9 Normalized servo transfer function

In order to specify the servo systems for axial and radial tracking, a function Hy (iw) is used. It specifies
the nominal values of the open-loop transfer function H of the reference servo(s) as Formula (1):

@)

. 3xiw
2 K
1 (o [0 [0)
HN(iw):—x(_—Oj X—2 x(1+ 1nt J
3 |iw 10 iw
1+
3xa,
where
w| =2mxf;
wi =21 x fy;
Wihe = 21 x fint;
2| =-1;
K| =order of integrator.
Here, /|, is the 0 dB crossover frequency of the open-loop transferTunction. The crossover

the leg
— le
— la

The te

functign is used to further reduce low-frequency components, especially those due to dg

freque
Also, f

Anoth
amplit
expect

fx

Becau
signal

d-lag network of the servo are given by:
d break frequency: f; = f, / 3;

r break frequency: f, = f, x 3.

'm (1+w;,/iw) in Formula (1) represents.dn integrator function. Such an integraton
ncies equal to the rotational frequency of the disk or its harmonics.

¢ is the crossover frequency of the integrator function.

ude equal to the maximum allowed residual tracking error, e corresponds to

max’

ed acceleration, a,,,, This frequency can be calculated with Formula (2):
=i Omax
2\ e .«

be the tragking error signals from the disk can have rather large variations, the t
fed jntoeach reference servo loop shall be adjusted to a fixed level (effectively c

total l(rop gain), which guarantees the specified bandwidth.

‘requencies of

or equivalent
viations with

er frequency of importanee’is the frequency fy at which a sinusoidal displacenent with an

The maximum

(2)

racking error
plibrating the

9.10 Measurement velocities and reference servos for axial tracking

9.10.1

General

The applicable reference servo and conditions for measuring residual axial errors depend on the
following measurement velocity of the disk under testing:

— areference servo for 2x disks to be measured at 1x measurement velocity (see 9.10.2);

— areference servo for 4x disks and for 6x disks at radii up to 36 mm to be measured at 2x measurement

ve

locity (see 9.10.3);

— areference servo for 6x disks at radii 36 mm and higher to be measured at 3x measurement velocity
(see 9.10.3).
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The servo for all conditions has the same basic characteristics, however with a modified integrator.

9.10.2 Reference servo for axial tracking for 1x measurement velocity

Regarding the open-loop transfer function H(f) of the reference servo for axial tracking, |1+Hy(f)] is
shown schematically by the shaded area in Figure 9:

Gain (dB)

1x103

10 x 103 100 x 103
Frequency (Hz)

Figure 9 — Servo cha&c‘teristic for axial tracking at 1x measurement velocity

®)

The crossover
by Formula

disturbances,
caused by thi

3), where

d

X

X

= 6 0 m/s? is the maximum expected axial acceleration due t

X
ama

frequency, f; g gJ—I (f) (see 9.9), in kHz, used to define the limits of |1+H(f)| is sp

multiplied by a factor m = 1,25 for servo margin. The tracking erro

% shall be 55 nm. Thus, the 0 dB crossover frequency shall be as follows:

«_ 1 [3x125x6,0

=27

pcified
b local

I emax'

fo 275\/7

emax

2\ 55x10°9

(3)

The integrator shall be first order (K = 1) with the crossover frequency of f; . = 100 Hz [see Formulae (4

to (6)].
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In the frequency range 100 Hz to 10 kHz:
0,9 x |[1+Hy (f) < [1+H(f)| < 1,1 X [1+Hy (f)|

In the frequency range 36 Hz to 100 Hz:

4,78
0,9 x |1+Hy (f)| < [1+H(f)| < L1 x [14+Hy (fi,e )| % (ﬁ}lt ]

In the frequency range up to 36 Hz (in dB):

7O IFH(F )< 97,0

The frequency, f,, in kHz, has the value determined by Formula (7):

6,0 N
Nom e 2n\/55x1o9 o

(4)

(5)

(6)

(7)

9.10.3] Reference servo for axial tracking for 2x measuremen@ocity and 3x measyurement

velocity \%

For thg open-loop transfer function H[f) of the reference sés)NO for axial tracking, |1+H

schemptically by the shaded area in Figure 10: QQ
Gain (dB) Q

‘\
%

100

97,0

77,0

1 10 66,5 200 1x103 10x103

(f)| is shown

100 x103
Frequency (Hz)

Figure 10 — Servo characteristics for axial tracking at 2x measurement velocity and 3x

measurement velocity
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The 0 dB crossover frequency, f,, shall be 3,2 kHz, the same as the measurement condition for the 1x
measurement velocity.

For the maximum residual tracking error of 80 nm (see 11.4.3), this corresponds to an acceleration,

@,a¢ in M/s2, as per Formula (8):

2 3\2
2 21tx3,2x10
:Mxe :%x80x10'9=10,8 (8)

max 3 max

For the maximum residual tracking error of 110 nm (see 11.4.4), this corresponds to an acceleration,

@,a¢ IN M/s2, as per Formula (9):

2 3\2
2 21tx3,2x10
o :u@xe :%X110X10-9 =14',8 (9)

max 3 max

The integratgr shall be second order (K = 2) with the crossover frequency of f;,;"= 200 Hz [see
Formulae (10} to (12]].

In the frequenjcy range 200 Hz to 10 kHz:
0,9 x [1+Hy (f)] < 1+H(f)] < 1,1 x [1+Hy (f)| (10)

In the frequernjcy range 66,5 Hz to 200 Hz:

5,36
0.9 x [ty () £ 1) < 10 [ty () 5 (5 a

In the frequenjcy range up to 66,5 Hz (in dB):
[1+H(f)||= 77,0 (12)

9.11 Measufement velocities and reference servos for radial tracking

9.11.1 General

The applicable reference serve“and conditions for measuring residual radial errors depend pn the
following medsurement velocity of the disk under testing:

— areferenge servofor2x disks to be measured at 1x measurement velocity (see 9.11.2);

— areferenge sefvo for 4x disks and for 6x disks at radii up to 36 mm to be measured at 2x measufement
velocity (pee(9.11.3);

— areference servo for 6x disks at radii 36 mm and higher to be measured at 3x measurement velocity
(see 9.11.3).

The servo for all conditions has the same basic characteristics, however with a modified integrator.

9.11.2 Reference servo for radial tracking for 1x measurement velocity

For the open-loop transfer function H(f) of the reference servo for radial tracking, |1 + H(f)| is shown
schematically by the shaded area in Figure 11:
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Gain (dB)

100
99,0

The cn

20

P T S g e

10x10® 100 x 103
Frequency (Hz)

10 1x103

w
()}

100

Figure 11 — Servo characteristics for radial'tracking at 1x measurement ve

ossover frequency f, of Hy (f) (see

9.9)in’ kHz, which is used to define the limit$

ocity

of |1 + H(f)|
pected radial
p margin. The
1ency shall be

(13)

(14) to (16]].

(14)

is spefified by Formula (13), where a,,,,.s 2,2 m/s? is the worst-case maximum ex]
acceleration due to local disturbances, and&,,,,, is multiplied by a factor m = 1,25 for serv|
trackipg error, e, ., caused by this m x ag ;. shall be 16 nm. Thus, the 0-dB crossover freq
as follgws

f | 1 Ixmxa _ 1 [3%1,25%x2,2 _

T2n\ e,  2¢V 16x107

The infegrator shall be first order with crossover frequency of f;,, = 100 Hz [see Formulag
In the frequency range 100 Hz to 10 kHz:

0,9 x |1+H,/(f)| < |[1+H(f)| < 1,1 X [1+Hy (f)|
In the frequency range 36 Hz to 100 Hz:

fo Y78
0,9 x |[1+Hy (f)| < [1+H(f) < L1 x [1+Hy (fi,e )| % ( l;t ]

In the frequency range up to 36 Hz (in dB):

79,0 <

[1+H(f)| < 99,0

)

The frequency f,, in kHz, has the following value determined by Formula (17):

fi=

/ 2,2
2n 16x109

21ce

© ISO/IEC 2021 - All rights reserved

(15)

(16)

(17)

19


https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

9.11.3 Reference servo for radial tracking for 2x measurement velocity and 3x measurement
velocity

For the open-loop transfer function H(f) of the reference servo for radial tracking, |1 + H(f)| is shown
schematically by the shaded area in Figure 12:

Gain (dB)

1 10 X ,5 200 1x103 10 x10% 100 x 103

N
. C) Frequency (Hz)

Figure 12 — Servo cha(a)gaeristics for radial tracking at 2x measurement velocity and Bx
@, measurement velocity

The 0 dB crof sove@uency, fo, shall be 3,6 kHz, the same as the measurement condition for|the 1x
measurement velgcity. For the maximum residual tracking error of 20 nm (see 11.5.4), this corregponds

to an acceleralt'(q/amax in m/s?, as per Formula (18):

2 32
2 2mx3,6x10
=( <y ) xe =¥x20x10'9 =3,4 (18)

max 3 max 3

The integrator shall be second order (K = 2) with the crossover frequency of f;,, = 200 Hz [see

Formulae (19) to (21]].
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0,9 X [1+Hy (f)| < [1+H(f)] < 1,1 x [1+H), (f)| (19)
In the frequency range 66,5 Hz to 200 Hz:
f 5,36
0,9 x [1+Hy (f)| < [1+H(f) < L1 x [1+Hy (fi,e )| % ( lfnt J (20)
In the frequency range up to 66,5 Hz (in dB):
[1fHF) =790 (21)

10 Dimensional characteristics

10.1 General

Dimenfsional characteristics are specified for those parameters deeniedmandatory for inferchange and
compdtible use of the disk. Where there is freedom of design, only the functional charactferistics of the
elements described are indicated. Figure 13 shows the dimensienal requirements in sumarized form.

The different parts of the disk are described from the centre hole to the outside rim.

First transition area Second transitieh area

/

Rim

Clamping
C(;.‘ln'ire / zong / Information area area
\ ole Ly ! L
A B
e OV |
T ' | | | po
/ . d6 : : : : :
e L N
I/ +od, ' ! o
II | d10 Lo
7 d; N

Figure 13 — Overview of disk dimensions

10.2 Disk reference planes and reference axis

For disk reference planes, see also Figure 14 and Figure 15.

The disk reference plane P is the plane determined by the surface of the clamping zone (see 10.6) at the

read-out side of the disk.

The disk reference plane Q is the plane determined by the surface of the clamping zone at the substrate

side of the disk.
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The reference axis A is the axis through the middle of the centre hole, perpendicular to the disk
reference plane P.

The disk reference plane R is a plane parallel to the disk reference plane P. The distance between disk
reference plane R and disk reference plane P shall be e, = (100 * 25) um towards the inside of the disk

(see Figures 14 and 15).

The disk reference plane R shall intersect with recording layer LO at layer LO's average position between
radius r, = 23 mm and radius r, = 24 mm (layer LO is the only recording layer on an SL disk or the
deepest recording layer on a DL disk).

Detall of smooth transition

)

1

Clamping zone

Y dg Information area Rim area
/
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Detail of protection ring

o .

i
i
< m :
1

Detail of th¢ edge of
centre hole

Figure 14 — Details of disk dimensions
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I Centre hole
<

i Ty Recording layer LO

i Ta Substrate

l?‘ ! Coverlayer

Turn table

Figure 15 — Details of disk reference planes P and R and recoerding layer|LO

—_—

10.3 Pverall dimensions

The overall outer diameter of the disk shall be d; = (120,0 = 0,3) mm (see Figure 13).

The dipmeter of the centre hole shall be d, :15,003'%'(1)0 min (see Figure 13).
There ghall be no burr on the edge of the centre holeat the read-out side.

The edge of the centre hole at the read-out side,is the reference for centering the disk and shall be
round¢d off or chamfered. The rounding radius shall be maximum r, = 0,1 mm. The|height of the
chamfgr shall be maximum 0,1 mm above the bottom surface of the First transition area.|The rounding
or chajnfer shall be maximum h; = 0,25 m from disk reference plane P (see detail in Figjire 14).

The miaximum thickness of the diskiis defined as the distance in the direction of the feference axis
A between the highest structure-protruding from the entrance surface of the disk and the highest
structyire protruding from thetop surface of the disk.

The mpximum thickness.of\the disk, including the cover layer, protective coating and lalpel printing at
any raflius shall be e; =(1,40 mm (see Figure 14).

The mjnimum thickness of the disk in the information area shall be e; = 0,90 mm.

Outside the clamping zone, the top surface may be inside the disk reference plane Q [by maximum
h, = 0,4 mm:

Outside the clamping zone, the top surface may be outside the disk reference plane Q[by maximum
h; =0,1 mm (see Figure 14).

10.4 First transition area

In the inner area inside the clamping zone (d < d;), the surfaces may be inside the disk reference planes
P and Q by maximum hg = 0,20 mm and maximum h, = 0,12 mm, respectively. These surfaces may
be uneven or have burrs up to maximum h; = 0,05 mm and maximum hg = 0,05 mm outside the disk
reference planes P and Q, respectively (see Figures 13 and 14).

10.5 Protection ring

An optional ring-shaped protrusion in the inner area of the disk that can prevent full contact between
the surface of the disk and a surface on which such a disk is laid down. By applying such a ring, the
chance for damage to the read-out side of the disk can be minimized.
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When applied, the protection ring shall be located between diameter d; = 17,5 mm and diameter
ds = 21,0 mm. Between d; and diameter d, = 20,5 mm, the height of the protection ring shall be
maximum hg = 0,12 mm above the clamping surface.

Between d, and ds, the height of the protection ring shall sink gradually to the surrounding surface (see

Figure 14).

10.6 Clamping zone

The inner diameter of the disk clamping zone shall be d; < 23,0 mm.

The outer diameter of the disk clamping zone shall be d, = 33,0 mm (see Figure 13).

The thickness
Within the clg
Within the clg

10.7 Secong

The second t
(see Figure 13

In the area, t
maximum hg
maximum hy

In the area,
hy;=0,2 mm.

The step fron]
between the
top surface of
surface in the
the step shall

10.8 Inform

10.8.1 Gene

The informat
and 16).

On each recor]

of the disk within the clamping zone shall be e, :1,20J_’8:(1)g mm (see Figure 14).
mping zone (dg < d < d5), both sides of the disk shall be flat within maximom'0,1 m

mping zone (dg < d < d;), both sides of the disk shall be parallel withimmaximum 0

| transition area

ansition area is an area between the clamping zone and the\information area: d, <

).

he surface at the read-out side of the disk may belinside the disk reference plan
= 0,12 mm. This surface may be outside the entrance surface in the information 3
= 0,01 mm (see Figure 14).

the top surface of the disk may be outside the disk reference plane Q by maj
the top surface in the area to the.tep*surface in the information area is hy4. The di
btart and the end diameters of the step is [;. If h;g > 0,2 mm, then the slope down|
the information area shall bessmooth and [; > 1,8 mm as indicated in Figure 14. If {

information area is stepped:down from the top surface in the second transition are
end within diameter dg=40,0 mm.

ation area

ral

on area(Shall extend from diameter dg = 42 mm to diameter d;; = 117 mm (see Figu

Mm.

1 mm.

d <d,.

e P by
rea by

kimum

stance
to the
he top
n, then

res13

difiglayer, the data zone shall be located between inner diameter, d},;;, and outer dig

meter,

dpz0- The datazones on all recording layers shall have the same storage capacity.

The inner dia

meter, dpz;, on recording layer Ln shall be dDZIn :48,0%)‘

dpz0, on recording layer Ln shall be dp;,, < 116,2 mm.

, mm, and the outer diameter,

The area between dq and dpyy; is called the inner zone, and the area between dj;4 and dy is called the
outer zone (see Figure 16).

The total thickness of the disk in the information area is as specified in 1

24

0.3.
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Information area
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: Lead-in Data zone Lead-out
! (Lead-out) (Outer)
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—
i dDZO
/L
[ diq
A
Figure 16 — Division of information'area
10.8.2] Subdivision of information zone on SL disks
The information area is used to record the informationzene.
The information zone is subdivided into the followinig main parts (see Figure 17):
— alead-in zone (part of the inner zone);
— a (lata zone;
— alead-out zone (outer zone).
Substrate
Fecording Lead-in zone Data zone Lead-out z¢ne
ayer
Spiral direction
Cover layer
Inner side ‘Opticai Outer gide
of disk beam of disk

Figure 17 — Subdivision of information zone on SL disk

The lead-in zone starts in the area extending from diameter 44,0 mm to diameter 44,4 mm and shall
end at the beginning of the data zone at diameter dp,.

The lead-out zone shall start at the end of the data zone at diameter dj;, and shall end at diameter
minimum 117 mm.

10.8.3 Subdivision of information zone on DL disks

The information area is used to record the information zone, divided over the two recording layers.

The information zone is subdivided into the following main parts (see Figure 18):
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On recording layer LO:

— alead-in zone (part of the inner zone 0);
— adatazone 0;

— an outer zone 0;

On recording layer L1:

— an outer zone 1;

— adatazone 1;

— alead-ouf zone (part of the inner zone 1).
On layer LO, tIe spiral groove shall run from the inner side of the disk towards the outer side of tHe disk.

On layer L1, the spiral groove shall run from the outer side of the disk towards the inner’side of tHe disk.

Substrate
Recording \
layer(LO Lead-in zone Data zone 0 O\O Outer zone 0
4> =
Spacdr layer Spiral direction
Recordi N
1a(§,ce0rl Lllng Lead-out zone / \ Data zo@@ Outer zone 1
<7
Covef layer Spirdldirection
Inner side ‘Optical Outer side
of disk beam of disk

Figure 18 — Subdivisien of information zone on DL disk
The lead-in z¢ne starts in the area extending from diameter 44,0 mm to diameter 44,4 mm anfd shall
end at the beginning of the data zone 0-at diameter dyy.

The outer zorje 0 shall start atthe end of the data zone 0 at diameter dj;, and shall end at digmeter
minimum 117 mm.

The outer zonfe 1 shall start at diameter ofminimum 117 mm and shall end at the beginning of data zone
1 at diameter|dpyq ;.

The lead-out gone.shall start at the end of the data zone 1 at diameter dp;;; and shall end in tHe area
extending fropidiameter 44,0 mm to diameter 44,4 mm.

10.9 Rim area

The rim area is the area outside the information area, starting at d;; and extending to the outer
diameter of the disk (see Figure 13).

In the first 0,5 mm of the rim area, the surface at the read-out side of the disk shall not be outside the
entrance surface in the information area.

In the remainder of the rim area, the surface at the read-out side of the disk shall not be outside the
entrance surface in the information area by maximum h;3 = 0,05 mm.

In the rim area, the surface at the read-out side of the disk may be inside the entrance surface in the
information area by maximum hy, = 0,12 mm (see Figure 14).
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In the rim area, the top surface of the disk shall not be outside the top surface in the information area
by maximum h;5 = 0,05 mm (see Figure 14).

11 Mechanical characteristics

11.1 Mass
The mass, m, of the disk shallbe 12g<m <17 g.

11.2 Moment of inertia

The mpment of inertia of the disk shall be <0,032 g-m?2.

11.3 Pynamic imbalance

The dyjnamic imbalance of the disk shall be <2,5 g-mm.
11.4 Axial run-out

11.4.1 General

When jmeasured by an optical system using the reference servo for axial tracking and [with the disk
rotating at a scanning velocity of 4,917 m/s (for all capacities), the distance between ehch recording
layer and the disk reference plane R (see Figures 14 and’15) in the direction of the referenfe axis A shall
be maximum h;, = 0,3 mm over the entire disk.

Withir one track (one revolution), the deviation @f each recording layer from its average position in the
directjon of the reference axis A shall be maximium 0,1 mm.

At the| inner side of the disk, rotating \af’a velocity of 4,917 m/s, this corresponds t¢ a maximum
acceleration of about 4,6 m/s2, based en a sinusoidal deviation at the rotational frequency} of the disk.

Due t¢ the integrator functiondn the reference servo (see 9.10), this component is suppressed
sufficipntly such that the residugl'tracking errors, as defined in 11.4.2, 11.4.3 and 11.4.4, are mainly due
to locall disturbances.

11.4.2| Residual axial tracking error for 1x measurement velocity

The residual axial tracking error of each recording layer for frequencies below 1,6 kHz (equals fy, see
9.10.2], measuged using the reference servo for axial tracking as specified in 9.10.2, shallfbe maximum
45 nm| (disptacement of the objective lens needed to move the focal point of the optical heam onto the
recording layer) with the disk rotating at 1 x V.

SpikesTn the residual axial tracking error signal due to local defects, such as dust and scratches, shall
be excluded.

The measuring filter shall be a Butterworth LPF with f 3,5 = 1,6 kHz and slope = -60 dB/decade.

This means that, for frequencies <1,6 kHz, the maximum local acceleration of the recording layer in the
direction of the reference axis A does not exceed 6,0 m/s?.

The rms noise value of the residual error signal in the frequency band from 1,6 kHz to 10 kHz, measured
with an integration time of 20 ms and using the reference servo for axial tracking, shall be maximum
32 nm. The measuring filter shall be a Butterworth BPF from f_; 5 = 1,6 kHz with slope = +60 dB/decade
to f 34g = 10 kHz with slope = -60 dB/decade.
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11.4.3 Residual axial tracking error for 2x measurement velocity

The residual axial tracking error of each recording layer for frequencies below 3,2 kHz, measured using
the reference servo for axial tracking as specified in 9.10.2, shall be maximum 80 nm. (displacement of
the objective lens needed to move the focal point of the optical beam onto the recording layer) with the
disk rotating at 2 x V..

Spikes in the residual axial tracking error signal due to local defects, such as dust and scratches, shall
be excluded. For 2x measurement velocity, local defects that cause large axial tracking errors shall be

taken into account as described in Annex I.

The measuring filter shall be a Butterworth LPF with f 3,5 = 3,2 kHz and slope = -60 dB/decade.

This means t}

at, for frequencies <3,2 kHz, the maximum local acceleration of the recording lay

el in the

]

direction of the reference axis A does not exceed 10,8 m/s? (see 9.10.3). However, due to the\additional

reduction of

acceleration at frequencies below about 400 Hz can reach values up to 45 m/s2.

The rms noise
with an integ
32nm. Them
tOf—BdB = 20 k

11.4.4 Resid

The residual 2
the reference

beam ont

maximunp 80 nm (displacement of the objective lens needed to move the focal point of the

low-frequency components by the second order integrator function,-the’ maj

value of the residual error signal in the frequency band from 3,2 kHzte'20 kHz, me
ration time of 10 ms and using the reference servo for axial tracking, shall be maj
pasuring filter shall be a Butterworth BPF from f_3 45 = 3,2 kHz With slope = +60 dB/
Hz with slope = -60 dB/decade.

ual axial tracking error for 3x measurement velocity,

servo for axial tracking as specified in 9.10.3, shdll be as follows:

p the recording layer) with the disk rotating at 3 x

ef’

maximu
beam o

Spikes in the

be excluded. F

taken into aca
The measurin

This means t}

n‘%
power wi

110 nm (displacement of the objective lens needed to move the focal point of the
the recording layer) with the diskTotating at 3 x V. if the jitter performance at
dow meets the requirements,

Fesidual axial tracking errdpsignal due to local defects, such as dust and scratche
or 3x measurement velogity, local defects that cause large axial tracking errors s
ount as described in Annex I.

g filter shall be.a\Butterworth LPF with f 5,5 = 4,8 kHz and slope = -60 dB/decade.

at, for frequencies <4,8 kHz, the maximum local acceleration of the recording layef

kimum

hsured
kimum
lecade

xial tracking error of each recording layer for frequencies below 4,8 kHz, measured using

bptical

bptical
+10 %

5, shall
hall be

in the

direction of the reference axis A does not exceed 14,8 m/s? (see 9.10.3). However, due to the additional

reduction of [low-frequency components by the second order integrator function, the maximum
acceleration at fréquencies below about 400 Hz can reach values up to 45 m/s2.
The rms noise-vatueeftheresiduatlerrersigpaHnthe frequeneybandtrem48kHz e 30dHzmeasured

with an integration time of 10 ms and using the reference servo for axial tracking, shall be maximum
32 nm. The measuring filter shall be a Butterworth BPF, from f 345 = 4,8 kHz with slope = +60 dB/
decade, to f 345 = 30 kHz with slope = -60 dB/decade.

11.5 Radial

run-out

11.5.1 General

The run-out o

f the outer edge of the disk shall be maximum 0,3 mm pp.

The radial run-out of the tracks in each recording layer (including eccentricity and non-roundness)
shall be measured by an optical system using the reference servo for radial tracking, while the disk is
rotating at a scanning velocity of 4,917 m/s (for all capacities).
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dial run-out shall be maximum 75 pm pp (SL and DL disks).

At the inner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds to a maximum
acceleration of about 1,7 m/s2, based on a sinusoidal deviation at the rotational frequency of the disk.

Due to the integrator function in the reference servo (see 9.11), this component is suppressed sufficiently
such that the residual tracking errors as defined in 11.5.2, 11.5.3, 11.5.4 and 11.5.5 are mainly due to
local disturbances.

The residual tracking error shall be determined by applying the radial PP read channel (I;

for both measurement and radial servo control purposes as indicated in Figure 7.

- 1,) signal

11.5.2

The re
the re
rotatir

Spikes
be exc

The m

This n
direct

Residual radial tracking error for 1x measurement velocity on SL disks

sidual radial tracking error for frequencies below 1,8 kHz (equals fy, see 9.11.2),'m
ference servo for radial tracking as specified in 9.11.2, shall be maximum.9 nm
)gat 1 x V.

in the residual radial tracking error signal due to local defects, suchas dust and s
uded.

pasuring filter shall be a Butterworth LPF with f ;45 = 1,8 kHzand slope = -60 dB/¢

jeans that, for frequencies <1,8 kHz, the maximum local acceleration of the track
on does not exceed 1,5 m/s2.

noise value of the residual error signal in the frequency band from 1,8 kHz to 10 k

with ap integration time of 20 ms and using the reference servo for radial tracking, shall

The r}s
6,4 nn.

decads

11.5.3
The re

9.11.2],

13 nm

Spikes
be exc

The m
means
does n

The measuring filter shall be a Butterwéith BPF from f ;45 = 1,8 kHz with slg
to f 345 = 10 kHz with slope = -60 dB/decade.

Residual radial tracking error for1x measurement velocity on DL disks

sidual radial tracking error in.€ach recording layer for frequencies below 1,8 kHz
measured using the reference servo for radial tracking as specified in 9.11.2, shal
with the disk rotating at-b>'V,_¢

in the residual radial tracking error signal due to local defects, such as dust and s
uded.

basured using
with the disk

ratches, shall

lecade.

b in the radial

Hz, measured
be maximum
pe = +60 dB/

lequals fy, see
be maximum

ratches, shall

pasuring filter shall be a Butterworth LPF, with f ;45 = 1,8 kHz and slope = -60 dB
that, for fsequencies <1,8 kHz, the maximum acceleration of the tracks in the ra
pt exceed™2;2 m/s2.

The rn

decade tof 3dB = 10 kHz w1th slope = —60 dB/decade

{

1S noise Value of the residual error signal in the frequency band from 1,8 kHz to 10

/decade. This
dial direction

Hz, measured

pe = +60 dB/

11.5.4 Residual radial tracking error for 2x measurement velocity on SL and DL disks

The residual radial tracking error in each recording layer for frequencies below 3,6 kHz, measured
using the reference servo for radial tracking as specified in 9.11.3, shall be maximum 20 nm with the
disk rotating at 2 x V..

Spikes in the residual radial tracking error signal due to local defects, such as dust and scratches, shall
be excluded.

The measuring filter shall be a Butterworth LPF with f 3,5 = 3,6 kHz and slope = -60 dB/decade.
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This means that, for frequencies <3,6 kHz, the maximum local acceleration in the radial direction does
not exceed 3,4 m/s? (see 9.11.3). However, due to the additional reduction of low-frequency components
by the second order integrator function the maximum acceleration at frequencies below about 400 Hz
can reach values up to 15 m/s2.

The rms noise value of the residual error signal in the frequency band from 3,6 kHz to 20 kHz, measured
with an integration time of 10 ms and using the reference servo for radial tracking, shall be maximum
9,2 nm. The measuring filter shall be a Butterworth BPF from f 3,5 = 3,6 kHz with slope = +60 dB/
decade to f 345 = 20 kHz with slope = -60 dB/decade.

11.5.5 Residual radial tracking error for 3x measurement velocity on SL and DL disks

The residual fadial tracking error in each recording layer at frequencies below 3,6 kHz, measured using

|

the reference|servo for radial tracking as specified in 9.11.3, shall be maximum 20 nm with/the disk
rotating at 3 x V¢
Spikes in the fesidual radial tracking error signal due to local defects, such as dust and’scratche, shall

be excluded.

The measuring filter shall be a Butterworth LPF with f 3,5 = 3,6 kHz and slope =~60 dB/decade.

This means that, for frequencies <3,6 kHz, the maximum local acceleratién)in the radial direction does
not exceed 3,4 m/s2 (see 9.11.3). However, due to the additional reductiofniof low-frequency comppnents
by the second order integrator function, the maximum acceleration at.frequencies below about 400 Hz

can reach valfies up to 15 m/s2.
hsured

The rms noisq value of the residual error signal in the frequeney band from 3,6 kHz to 30 kHz, me

with an integ

Fation time of 10 ms and using the referencg servo for radial tracking, shall be ma

9,2 nm. The measuring filter shall be a Butterworth BPFfrom f 3,5 = 3,6 kHz with slope = +{

decade to f 34
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To prevent ex
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5 = 30 kHz with slope = -60 dB/decade.
lity of cover layer

ct resistance of cover layer

Cessive disk damage in €ase an object lens hits the entrance surface at the read-out
urface of the disk should have a minimum impact resistance. This impact resistan
he procedures deseribed in Annex L.

ch resistance of cover layer

cessive scratching, the surface of the disk shall have a minimum hardness. The s
11 be-tested by the procedure described in Annex C.

kimum
b0 dB/

side of
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To prevent excessive contamination, the surface of the disk should repel grime as much as possible. The

repulsion of g

12 Optical

rime shall be tested by the procedure described in Annex D.

characteristics in information area

12.1 General

The following requirements shall be fulfilled within the information area of the disk.

These specifications of the transmission stacks (TS) include all possible layers on top of the recording
layer concerned (such as e.g. gluing layers in case of foils, the spacer layer and the semi-transparent
recording layer of layer L1 in case of TS0, the cover layer and possibly a protective coating).
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12.2 Refractive index of transmission stacks (TS)

If the layers making up the total TS have different refractive indices, then the procedure described in
Annex A shall be followed.

The refractive index n of the cover layer and spacer layer of the disk shall be as per Formula (22).

1,45<n<170

12.3 Thickness of transmission stacks (TS)

(22)

12.3.1
The a

trans:I
The thlickness of the TS, measured over the whole disk, shall fulfil the following two requ

a) TH
Fi
th

b) TH
re

12.3.2

The ay

transmission stack (TS0 or TS1) on the disk.

The th
a) TH
w
bd
th

TH
w
be
re

b)

T}

d) TH

Thickness of transmission stack of SL disks

erage thickness between radius r, and radius ry, is called the referemge-thi
ission stack (TS) on the disk. (see 10.2 and Figure 15).

e thickness of TS as determined by its refractive index shall be-within the upper g
bure 19 (in case of a refractive index of 1,6 the thickness shall be'between 95 um an

pulc 17

e dashed line indicates the nominal thickness as a function. éf the refractive index);

e maximum deviation AD of the thickness of the TS from the reference thickness
gquirement |AD | < 2,0 pum.

Thickness of transmission stacks of DL disks

erage thickness between radius r, and radius ry is called the reference thickness

jckness of TS0 and TS1, measured over the whole disk, shall fulfil the following four i

e thickness of TSO (all layers,on top of layer L0O) as determined by its refractive

thin the upper shaded areain Figure 19 (In case of a refractive index of 1,6 the thic
tween 95 pm and 105 pynyand the dashed line indicates the nominal thickness ag
e refractive index);

e thickness of TS1(all layers on top of layer L1) as determined by its refractive

thin the lower shaded area in Figure 19 (In case of a refractive index of 1,6 the thic
tween 70 umtand 80 pm, and the dashed line indicates the nominal thickness as a f|
fractive index);

e thickness of spacer layer shall be between 20 pm and 30 pm;

e.naximum deviation, AD, of the thicknesses of TSO and TS1 from their respec

rkness of the

rements:

haded area in
d 105 um, and

hall meet the

of the related

equirements:

ndex shall be
kness shall be
a function of

ndex shall be
kness shall be
unction of the

[ive reference

th

cknesses shall meet the requirement |AD | s 4,U pm.
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Figure 19 — Thickness of transmission stacks as function of reflective index

12.4 Reflectivity

12.4.1 Reflertivityofrecording layer of SL disks

The reflectivity~of the recording layer in the information zone, including transmission throulgh the
cover layer, s}mmmgmmrmmmmdtmnroﬁnmer‘ég

— inunrecorded virgin groove: Rq., =12 % to 24 %;

— inrecorded groove:
— for HTL disks: Rgy = 11 % to 24 %;
— for LTH disks: Rgy; =16 % to 35 %;
— ateachlocation on the disk:
— for HTL disks: 0,75 x Rg_V <Rgy < 1,25 x Rg_v;

— for LTH disks: 0,75 x Ry, < Rg, <1,25x Ry ,.
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Written marks shall have a lower reflectivity than the unrecorded layer for HTL disks. Written marks
shall have a higher reflectivity than the unrecorded layer for LTH disks.

12.4.2 Reflectivity of recording layers of DL disks

The reflectivity of the recording layer in the information zone, including transmission through the
cover layer, shall fulfil the following requirements under the measurement conditions of Annex B:

— inunrecorded virgin grooves: Ry, =4 % to 8 %;
— inrecorded grooves: Rgy = 3,5 % to 8 %;
— afleachlocation on the disk: 0,75 Ry, <Rgy<1,25x Ry,

Writtegn marks shall have a lower reflectivity than the unrecorded layer.

12.5 Birefringence

The inf-plane birefringence of the transmission stacks shall be as per(Formula (23) (sde Annex ] for
additignal information):

Af,,<1,5x107% (23)

//

The pgrpendicular birefringence of the transmission stacks shall be as per Formula (24) (see Annex ]
for additional information):

Anj, <1,2x1073 (24)

12.6 Angular deviation

The anpgular deviation is the angle, @,, between a parallel incident beam, perpendiculgr to the disk
referefce plane P, and the reflected beam. The incident beam shall have a diameter in therange 0,3 mm
to 1,0 mm. The angle, 6, includes deflections of the entrance surface and lack of parallelism of the cover
layer gnd/or spacer layer (seeFigure 20).

Cover layer

R ingl
Substrate ecording layer

Read-out
surface

% Y Reflected beam

N

AIncident beam

Figure 20 — Definition of angular deviation
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The angle, 6, shall fulfil the following requirements:

— in the radial direction:

— under the normal test conditions specified in 8.1.1:

— under the “sudden change” test conditions specified in 8.1.1:

— in the tangential direction:

— under the normal test conditions specified in 8.1.1:

10, max = 0,60°;
10,4 max = 0,70
10, max = 0,30°.

13 Data format

13.1 General

The data recgived from the source (application or host), called user data frames, are formatt¢d in a

number of steps before being recorded on the disk (see Figure 21).

34
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User data User control data
32 sectors
32 frames 32 units
X 2 048 bytes X 18 bytes
v
Data frame
32 frames
X (2 048 bytes data)
+ 4 bytes EDC)
Scrambled data frame| - Phys. sector number
32 frames Addr. unit number
X 2 052 bytes 16 addresses x 9 bytes
v \ 4 ) 4
Data block Access block
304 columns 24 columns
216 rows 30 rows
v Y
LDC block BIS block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity 32 rows parity
v v
LDC cluster BIS cluster
152 columns 3 columns
496 rows 496 rows
/ 7 7
v ¥ X ¥ X ¥ X
LDC Bl\d LDC BIS LDC BIS LDC 496 rows divided in
'\ 16 address units
38col. \|Jcol.] 38col. [lcol| 38col. |1col| 38col. of 31 rows each
ECC cluster
(155 columns )
- v
i:‘rame dc dc dc 496
sync Dzzgta contr Df ;a contr Df ;a contr] | recording
20 1 1 frames
Physical cluster
(1 932 channel bits
=1 288 data bits)

Figure 21 — Schematic representation of encoding process

They are transferred successively into data frames, scrambled data frames, a data block, an LDC block
and an LDC cluster.

The address and control data, added by the BD recordable system, are transferred successively into an
access block, a BIS block, and a BIS cluster.

The LDC custer and the BIS cluster are multiplexed and modulated into:

— an ECC cluster, subdivided into 16 address units, and
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— aphysical cluster, consisting of 496 recording frames.

The data on BD recordable disks is recorded in 64K partitions, called clusters, containing 32 data
frames with 2 048 bytes of user data. These clusters are protected by two error correction mechanisms
as follows:

First the datais protected by along distance (LDC) error correction code, consisting of (248,216,33)

Reed-Solomon (RS) code words. This code has ample parities and interleaving length with a good
overall efficiency and can correct both random errors and burst errors.

Secondly, the data is multiplexed with a powerful burst-indicating subcode (BIS), which consists

of (62,30,33) Reed-Solomon (RS) code words. These BIS code words carry addresses for allocation

burst errrs, by means of which the LDC can efficiently perform erasure corrections.

The combinatfion of these two codes is called an “LDC + BIS code” (see Figure 22).

All the data is arranged in an array as indicated in Figure 22. This array is read\in the hor
after row, and recorded on the disk after insertion of additienal dc-contr
d insertion of synchronization patterns.

direction, ro
modulation,

The error cor
burst errors o

rection codes are applied in the vertical direction, which gives a good basic brea
n the disk. Additionally, the LDC code words have been interleaved in a diagonal dirpction.

elong

zontal
| bits,

k-up of

38 1 38 1 38 1 38
Sync bytes byte bytes byte Bytes byte bytes
T | D Dj, B, Dig e Do B¢ Dy e Di13 B, D14 Disy T
Dy5y ... Digg B; Dygg s
Address | |31
unit 0 | fows
I | IO S 2 S U I N 1R
data stream
496 > | S5 -> | — | > | —
rows on disk
L o o | L _§_ ___________ oo o | R | | __)r_-
:) Address | |31
unit 14 | fows
I | IS\ S S U I N LY.
T
Address | |31
unit 15 | rows
Il Ik 1 [ 1 | .. Doeagr | | 4

Figure 22 — Schematic representation of physical cluster on disk

Address units, physical sectors and logical sectors are defined as follows.

Address units

For the purpose of allocating the optical pick-up to a certain position on the disk, the physical cluster
is subdivided into 16 address units, each consisting of 31 consecutive rows. The address unit numbers
(AUN) provide a fast addressing mechanism embedded in the written data.

Physical sectors

36
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A data frame accompanied by it’s control data is called a sector. All sectors in all physical clusters all
over the disk (including the inner and outer zones) are called physical sectors. All physical sectors have
a virtual number assigned, called the physical sector number (PSN). These PSNs are not recorded onto
the disk, however they are synchronized with the AUNs.

Logical sectors

Not all physical sectors are available for storage of user data delivered by the application or host. The
inner and outer zones are excluded. The remaining sectors are available for storing user data and are
called logical sectors.

13.2 Data frame

A datajframe consists of 2 052 bytes: 2 048 bytes of user data and 4 bytes of error deté¢tiqn code (EDC).
The 2 P48 user data bytes are identified as ud, to ud, (4, and the 4 EDC bytes as €d;4g fo ed, (51 (see

Figure 23).

T ud, T
2048
user data :
bytes : 2052
l ud, 4, bytes
T ed; g4
4 ed; 040
EDC bytes ed, o
l efid:; l

Figure 23 — Data frame

13.3 Error detection code (EDC)

The 4-byte field ed, (45 to ed,4zyShall contain an error detection code computed over the 2 048 bytes
of useyf data. Considering the.data frame as a single-bit field, starting with the most signifjcant bit of the
first uger data byte (ud,) and ending with the least significant bit of the last EDC byte (ed} 45;), then the
msb is|by¢ 415 and the Isb is by,.

Each bjt b; of the EDC.is shown as Formula (25) fori= 0 to 31:

0
EL C(x)=2bl.xi=1(x)modG(x) (25)
i=31

where

32
I(x)= Z b.x'; and
i=16 415
G(x)=x32+x31+x%+1.

13.4 Scrambled data frame
Each data frame, consisting of 2 052 bytes of user data + EDC, shall be scrambled with the output of

the circuit defined in Figure 24, in which bits s, (msb) to s, (Isb) represent a scrambling byte at each
8-bit shift.
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The heart of the circuit is a linear feedback shift register (LFSR) based on the polynomial as per

Formula (26):

D(x) = x16 +x15 +x13 4x4 + 1 (26)
Here, s, to s;5 form a 16-bit shift register. At each shift clock the content of s, shifts to s, (n = 0 ..14),
while sy is setto sz @ s, @ 51, ® s3 (@ stands for exclusive-or).

At the beginning of the scrambling procedure of each data frame, the shift register s, to s;5 shall be
preset with a value derived from the (virtual) PSN associated with the data frame (see Clause 17). The
16-bit preset value shall be composed in the following way:

— ;5 shall he set to ONE;
—  Sy4-.Sg shall be set to PSq .. PS¢ of the PSN (see Figure 24).

The same prepet value shall be used for all 32 data frames within the same cluster.

Physical sector number (PSN)

MSB LSB
P p| [P pP[T1p] [P Pl -4 P[P 3
£ S si | Is| Is SIOTS| [S]S S
3 2l 12 1| (1] |1 8N (7| [5]4 0
1 4 |3 ol | lo|l |5
YYVVVYVVY
rarallel_yfTeTYs l«— Shift clock
oad 14 1 SIS[S[S|S|S|S|S
3 7|6|5(4|3|2|1| Ol
|r\ Jan 4R
U N

Figure 24 — Scrambler circuit

After loading fhe preset value, s, .. sy are taken out as scrambling byte S,. Then, an 8-bit shift is repeated
2 051 times apd the following 2 051 bytes are taken from s, .. s as the scrambling bytes S; to S, (k1. The
2 052 bytes uld/ed; of-the data frame become scrambled bytes d; where d; = ud/ed; @ S, for §=0 to
2 051; (@ stapds forexclusive-or)

13.5 Data block

In the next step, 32 scrambled data frames (F = 0 .. 31) are combined into one block of data (see
Figure 25).
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32 frames
« -
0 1 F 31
T d0,0 dO,l dO,F d0,31
dyg dy, dyp dy 3
2052 : : :
bytes
d; 0500 d; 0501 d; os0,r d; 050,31
o dy 0510 dyos11 dyosip d; 05131

These|data are rearranged into an array of 216 rows x 304 columns by dividing’each sg
frame finto 9,5 columns as shown in Figure 26. This new array is called a data‘block. It sh
that eyery even scrambled data frame ends halfway down a column, aridyevery odd sc

Figure 25 — 32 scrambled data frames

frame fstarts halfway down a column.

«— 304 columns -
0 1 9 10 18 19 303
T dOO d2160 dl 944.0 leBQ\ dl 836.1 d02 g 183631
dig dz170 d; 9450 c‘i‘i}\n d; gazg d, d183731
: : B : : ;
dZ 050:0
216 Cl2 051.0
rows [N,
1.1
: digeg
! dyso | disi digzg | dapgs dyosig | dagso 9205131

13.6 LDC block

The byjtes in‘each column of the data block are renumbered as shown in Figure 27 startin
of eaclp column as follows: e, ; e, ..

Figure 26— Composition of data block from 32 scrambled data framesg

rambled data
ould be noted
rambled data

b from the top

e;; .. to €55, in which L represents the code word fumber (= the

column number: 0 to 303).

The LDC block is completed by extending each of the columns with 32 parity bytes according to a
(248,216,33) long-distance RS code. The parity bytes are numbered: py16 ; P217,, - Pj 1 - t0 P47,
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304 columns
« -
Code word | Code word Code word Code word | Code word
0 1 L 302 303
T T €0,0 €o,1 €o.L €0,302 €0,303
216 €10 €11 €11 €1,302 €1,303
rows €20 : : : :
with :
1 LDC data
code ward v €215,0 €215,1 €215,L €215,302 ©215,303
N\
=248 T P216,0 P216,1 P216,.L P216,302 pz%qo?
bytes 32 : : : : : : )
rows : : : : : : <bQ C
with c : : c c 0 N
parity : : (bg
;g 1 P247,0 P247,1 P247,1 PA17g802 P247,303

Figure 27 — Renumbering data bytes and forming LDC bloek-by adding parities

13.7 LDC code words

The long-dist
field GF(28) a
per Formula

p(x) = x84

The symbols

Each LDC cod
Solomon codg

nnce RS code is defined over the finite field GF(28)- The non-zero elements of thd
‘e generated by a primitive element @, where:@is a root of the primitive polynomial

27).

xX*r+x3+x2+1

e word, represented by.the vector Ij. = (e .- €, - €215 P216 L -

Dj 1 - Pa47,.1) 15 3
over GF(28) having 32 parity bytes and 216 information bytes. S/uc

finite
b(X) as

(27)

of GF(28) are represented b¥{) bytes (groups of 8 bits), using the polynomigl base
representation, with (a7, a®, a®, .., a2, a, 1)\as a basis. The root « is thus represented as a = 00000

D10.
Reed-

h a code word can

be representqd by a polynomiahf;.(x) of degree 247 (possibly having some coefficients equal td zero),
where the highest degrees correspond to the information part of the vector (e ; .. etc.) and the flowest
degrees corrgspond to the parity part of the vector (p,44 ; - etc.).
l4.(x) is a mulgiple of thé)generator polynomial g(x) of the LDC code word. The generator polynomjal g(x)
is as per Fornjula (28):
31
g(x):H(x—a’). (28)

i=0

The LDC is systematic. The 216 information bytes appear unaltered in the highest-degree positions of
each code word. The parity check matrix H; . of code I, is as per Formula (29) for all LDC code words I:

Hype Iy =0 (29)

The second row, hypc ,, of the parity check matrix, Hy ., corresponding to the zero « of the generator
polynomial g(x), defines the code word positions to be used for error locations. This second row, hy ¢,
of the parity check matrix, H; j, is given by Formula (30):

hipco = (@, a?% . a?, a, 1) (30)
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13.8 LDC cluster

13.8.1 General

After generating the LDC code words, the LDC block is interleaved in a two-step process resulting in the
LDC cluster.

13.8.2 Firstinterleaving step

In the first interleaving step, the 304 columns of height 248 are rearranged into a new array with 152
columns and 496 rows.

Each rlew column is formed by multiplexing each even column from the LDC block witl the next odd
colump. The new column is filled by taking the first byte from the even LDC block column| then the first
byte fijom the odd LDC block column, next the second byte from the even LDC block columpn, followed by
the se¢ond byte from the odd LDC block column, etc. as shown in Figure 28.
- 152 columns 5
0 1 151
T €00 €02 : t €0302 T
€01 €03 : L O €0303
432 €10 €12 : | : €1302
rows €11 €13 1 X : €1303
with : : : : :
data : : o
€2150 €152 : : €215302
1 €2151 €153 : : €215303 496
T P2160 pzmz\‘ : : P216302 rowsg
P2ie1| . P2163 : : P216303
64 P2170 ’_p\2172 : : P217302
rows Poizg P2173 : : P217303
with : : : : :
parity [ %
P2420 P2472 : : P247302
! P2471 P2473 : : P247303 y
Figure 28 — First step of interleaving
13.8.3| ‘Second interleaving step

To reduce the influence of error propagation and further improve the burst-error correcting capabilities,
an additional interleaving is introduced.

All rows of an LDC block, resulting from the first interleaving step, shall be shifted over mod(k x 3, 152)
bytes to the left where k = div(row_number,2), 0 < row_number < 495. The bytes that shift out at the left
side are re-entered in the array from the right side (see Figure 29).

After this process, the bytes are renumbered in the horizontal direction through all the rows resulting
in the numbering D, to D;5 394 as indicated in Figure 22.
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Figure 29 — LDC cluster
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13.9 Addressing and control data

13.9.1 General

For the purpose of accessing the data on the disk, addressing and control data is included.
13.9.2 Address units

13.9.2.1 General

For positioning the optical head onto the desired track, a fast addressing mechanism is implemented
by subldividing the 64K physical clusters into 16 address units. Each address unit contaihs an address,
whichl(is placed in such a way into the BIS code words (see 13.11) that it can be accéssefl quickly (see

Figure 30).
Each address field consists of 9 bytes:

— 4 bytes for the address unit number (see Clause 17);
— 1 byte for flag bits;

— 4 bytes for error correction.

« 16 addresses —
0 1 : S : 15
T AFy, AF,, ‘ AF : AF 15
Address-unit | AF; AF,, : : : AF, 5
numbers : : : : : :
9 AF. AFyT : AF, ¢ : AF. .
bytes Flag bits AF,, AF, 4 : AF, ¢ : AF, ;¢
AF; AF5 : AF; ¢ : AFs 15
Parities : : : : : :
\ AFg, AFg, : AFg ¢ : AFg <

Figure 30 — 16 address fields

13.9.2L2 Byte assignment for address fields

AF¢ MSB of the address unit number;

AF; ¢ 2nd SB of the address unit number;

AF, ¢ 3r¢-SBOf the address Uit TuTmbeT;

AF;3¢ LSB of the address unit number;

AF, ¢ flag bits: These bits can be used to indicate a status of individual data frames in

a cluster or can be used to hold other information, such as an address.
The basic format for assigning some of these flag bits is specified in
13.9.2.4. Flag bits not used shall be set to ZERO.

AFg .. AFg ¢ parity bytes for forming an (9,5,5) RS code over the primary address field.
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This RS code is defined over the finite field GF(28). The non-zero elements of the finite field GF(28)
are generated by a primitive element a, where « is a root of the primitive polynomial p(x) as per

Formula (31).

pX)=x8+xt+x3+x2+1

(31

The symbols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial base
representation with (a7, a®, >, .., @%, a, 1) as a basis. The root « is thus represented as a = 00000010.

Each address field code word, represented by the vector afc = (AF s .. AF; .. AFg ¢), is a Reed-Solomon
code over GF[28) havmg 4 parlty bytes and 5 lnformatlon bytes Such a code word can be represented

by a polynormis
highest degre
correspond tq

afc(x) is a myltiple of the generator polynomial g(x) of the address field code word: The ger

polynomial is

i=0

The address flield code is systematic. The 5 information bytes appearinaltered in the highest-

positions of €
address-field

Hppe > afg

The second r
polynomial g
of the parity ¢

hapco = (a

13.9.2.3 Add
The 16 addre

address unit gumber (AUN).

The address
Figure 31.

The address

es correspond to  the 1nformat10n part of the Vector [AFO 5. etc) and the lowest d
the parity part of the vector (AFg .. etc.).

as per Formula (32):

(x—a)

ach code word. The parity check matrix Hypc of code-afc is as per Formula (33)
code words afc:

T =0

W, hpgc o, of the parity check matrix, Hyg¢ corresponding to the zero a of the ger
x), defines the code word positions to beused for error locations. This second row,

heck matrix Hypc is given by Formulai(34):

8 a’.a% a, 1)

ress unit numbers

s fields to be recorded in the BIS columns of the physical cluster each contain a

hare the

egrees

erator

(32)

legree
for all

(33)

erator
hAFC 27

(34)

4-byte

Lnit numbers'shall be derived from the physical sector numbers (PSN) as defined in

unit numbers increase by two for each successive address unit, for reas

synchronizat1on with the PSNs (see Clause 17).

bns of

The address unit number of the first address unit of each physical cluster is a multiple of 32.

The first address unit number in data zone 0 is 00 10 00 00h (1 048 576 decimal).

The last address unit number in data zone 1 is 01 EF FF FEh (32 505 854 decimal).

The bits of the address unit numbers shall be set as follows:

AU shall

44

AU, .. AU; shall be a copy of PS5 ..

PS; from the PSNs;

AU, .. AU; shall count from 0 to 15 inside the physical cluster;

be reserved.
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Physical sector number (PSN))

MSB LSB
P P P P P P P (P P
S S S S S S S| SIS S
3 8 5|4 0
In cluster
count  ZERO
—
|
YYVYYYYY I YYVYYVYVY YYVYVYVYVYVY) vr\vrwu
A AlAl |A A A A A Al |AlA A (A
i Y9119 B gy ul|uj | J|U
3 8 7 4 L0
7161 14 3 6 5
Address-unit number (AUN)
Figure 31 — Composition of AUNs from PSNs
13.9.2l4 Assignments for flag bits
Bit| b, be bs b, b, b, b, by
Byte
AF, ¢
AF,, Sag Saj Sagp Sa,, Rsv Rsv Rsv Rsy
AF, Sa, Sag Sd3 Sag, Rsv Rsv Rsv Rsv
AF,, Sa, Sag Sa, o Sag Rsv Rsv Rsv Rsv
AF, 5 Sag, Sazy Sag, Say, Rsv Rsv Rsv Rsv
AF,, Sag Say ; Sag Sag, Rsv Rsv Rsv Rsv
AF,s | Sapop |- Saj; | Sajee | Sajgg Rsv Rsv Rsv Rsv
AF,¢ | Sd1 | Sa;z; | Sajpg | Saggg Rsv Rsv Rsv Rsv
AF,, { 'Sa;,; | Sa;s; | Sagyy | Sagsy Rsv Rsv Rsv Rsv
AF N Sajg; | Sa;;q | Sagee | Sagqp Rsv Rsv Rsv Rsv
AE)y | Sajg; | Sajgq | Sajgy | Sajqp Rsv Rsv Rsv Rsv
AF 10 | Sayes | Sapiy | Sazge | Sapg Rsv Rsv Rsv Rsv
AF,11 | Says; | Saysq | Sas,o | Sass Rsv Rsv Rsv Rsv
AF, 1, | Sayy; | Sapsy | Sapy, | Sagsy Rsv Rsv Rsv Rsv
AF, 3 | Saye; | Say;q | Sayey | Saysy Rsv Rsv Rsv Rsv
AF, 1, | Sayg; | Saye; | Saygy | Saygy Rsv Rsv Rsv Rsv
AF, 15 | Sazg; | Sasyy | Saggg | Saggy Rsv Rsv Rsv Rsv
Rsv: Reserved unless otherwise specified by the BDAP.

Figure 32 — Flag bits from 16 address fields

Status bits Sa; ; (0 <i=< 31, 0 <j <1): Because each cluster contains 32 data frames and there are only 16
address units, each such address unit shall hold the flag bits for 2 data frames (see Figure 32).
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Bit b; and bit bs of successive flag bytes AF, ¢ are defined as status bits Sa,¢, and Sa,g, respectively,

for data frame 28S.

Bitbg and bitb, of successive flag bytes AF, gare defined as status bits Sa,,; ; and Sa,,, o, respectively,

for data frame 25+1.

Bits b; to b of all flag bytes AF, ¢ shall be reserved unless otherwise specified by the BDAP.

13.9.2.5 Usage of status bits Sa,;

Each pair of status bits Sa, ;/Sa; is used to indicate the status of an individual data frame in a cluster.

The following settings are defined:

Sa;1/Sa; 00: data frame contains general user data;

before recording them onto the disk;

In the user data area, the status bits Sa; ;/Sa; ; shall be set to 11 in data frameés’that have been in

11: the data frame contains padding data inserted by the drive to camplete ¢

other settings: reserved unless otherwise specified by the BDAP:

by the drive tp complete clusters before recording them onto the disk (padding).

In other caseq, where the data for data frame i is supplied by the hostj.the status bits Sa;;/Sa; o s

set to 00.

13.9.3 User rontrol data

usters

serted

hall be

For accessingfthe user data, special control data can be added to each user data frame. These addjitional

bytes can carfy BDAP-dependent information. A user‘data frame accompanied by its user contr

unit is called § sector. Each user control data unit censists of 18 bytes (see Figure 33).

“— 32 units -
0 1 : S 31
UCy UC, UCy 3
18[bytes
‘L UC17,0 UC17,1 : UC17,S UC17,31

Figure 33 — 32 user control data units

bl data

13.9.4 Byte/bit assignment for user control data

The user control data bytes are BDAP dependent. If this setting is not specified by the BDAP, these bytes

shall be set to 00h.

46
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Figure 34 — Composition of access block
(from 16 address fields and 32 user control data units)
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13.10 Access block

The data for the address fields and user control data units is mapped into an array of
30 rows x 24 columns, that is called an access block.

Because of the need for a fast access of the address fields, the data for these address fields is mapped in
a special pre-interleaved way.

The 9 bytes of each of the 16 addresses (see Figure 34) are grouped into three groups of 3 bytes.

The three groups of bytes of each of the addresses 0 to 7 are placed in the access block in a diagonal
direction in the first, third and fifth row, starting with address 0 and each successive address shifted

cyclically thr

143 o tlao 1ol [ I 2.4
C lJUDlLlUllD LU LIIT ITTIU LDCC ) 8 1su1 C JTJ.

The three groups of bytes of each of the addresses 8 to 15 are placed in a diagonal direction|in the

second, fourt
three positior

Within each g
1 byte positiog

Within each g

byte positions.

h and sixth row, starting with address 8 and each successive address shifted cyg¢lically
s to the left.

roup of bytes in the third and fourth rows, the bytes are shifted cyelieally to the lefft over
n.

roup of bytes in the fifth and sixth rows, the bytes are shifted eyclically to the leftlover 2

Mathematically, this mapping of the address bytes into the access block can be represented by

Formula (35)
Byte AF, , sha

rowr=2

column ¢

11 be allocated in:

k div(x,3) + div(y,8); and

= 3 x mod{[div(x,3) + 16 - y],8} + mod{[x - div(x,3)],3} (35)

The user cont

fills 34 of a column (4 user control data units in 3 full columns, see Figure 34).

13.11 BIS bjock

rol data unit is placed in the ¢olumn direction, whereby each user control data urit only

The bytes in ¢ach column of an_access block are renumbered as shown in Figure 35 starting from the
top of each column as follows:+b - by ¢ .. b; .. to byg ¢, Wwhere C represents the code word number| (= the

column num

The BIS bloc

(62,30,33) RS|code. The parity bytes are numbered: pbs( - pbs; ¢ .. pb; .. to pbgy ¢

r: 0 to 23%

is completed by extending each of the columns with 32 parity bytes according to a

48
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« 24 columns -
Code word [ Code word Code word Code word | Code word
0 1 : C : 22 23
T T b b4 : boc : : by23
by, by, : by ¢ : : by 23
30 : : : : : : :
information : : : by
1 BIS bytes : : : : : : :
code word l b,y byg 1 : by ¢ : : by 23
= b2 bytes T pbsg pbsg : pbs ¢ : : (1:\ pbsg 23
32 : : : : : : Q :
parity bytes : : : : : Q*q/
: : : : : ,\cb :
! ! Pbs1o Pbgs 1 : Pbe1c :O‘B Py 23

Figure 35 — Renumbering data bytes and forming BIS block by adding parijties

13.12] BIS code words

The BIS RS code is defined over the finite field GF(28),-Fhe non-zero elements of the finite field GF(28)
are generated by a primitive element a, where « js a root of the primitive polynomigal p(x) as per

Formulla (36).
p)=xB+xt+x3+x2+1 (36)

The symbols of GF(28) are representéd by bytes (groups of 8 bits), using the polynomial base
representation, with (a7, a®, a5, .., a%,.&)1) as a basis. The root « is thus represented as a =[{00000010.

Each HIS code word, representedby the vector bis = (b ;.. b; ¢ .. byg ¢ Pb3g ¢ - Pb; ¢ - Pbgf ), is a Reed-
Solomén code over GF(28) hating 32 parity bytes and 30 information bytes. Such a cod¢ word can be
represented by a polynomial bis(x) of degree 61 (possibly having some coefficients equal tp zero), where
the highest degrees corpespond to the information part of the vector (b ... etc.) and the lpwest degrees
correspond to the parity-part of the vector (pbs .. etc.).

bis(x) is a multiple @f the generator polynomial g(x) of the BIS code word. The generator p¢lynomial g(x)
is as per Formula\(37):

31
g x)=H(x—ai) (37)
i=0

The BIS code is systematic: the 30 information bytes appear unaltered in the highest-degree positions of
each code word. The parity check matrix Hg;g of code bis is as per Formula (38) for all BIS code words bis:

Hps % bisT=0 (38)

The second row hgg , of the parity check matrix Hgg corresponding to the zero a of the generator
polynomial g(x), defines the code word positions to be used for error locations. This second row hgs , of
the parity check matrix Hgg is given by Formula (39):

hgis, = (@01, a®0 .. a2, a, 1) (39)
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13.13 BIS cluster

After generating the BIS code words, the BIS block is mapped in an interleaved way into an array of
496 rows x 3 columns. This newly formed array is called a BIS cluster.

The BIS cluster is subdivided according to the address units as shown in Figure 22. The units are
numbered u = 0 to 15 the rows in such a unit are numbered r = 0 to 30 and the columns are numbered

e=0to 2 (see

Figure 36).

The essentials of the BIS interleaving scheme are the following (see Figure 35, Figure 36 and the

examples in F

igure 37 and Figure 38):

C Ll Je s

in one

— eachrow
row of th

— the even
mapped i

— the 3-byt
whereby
of each s
than the §

—  row ]
—  row ]
—  row ]

— this
4,3,.

— now, with
is not shif
1, etc.;

— fortheod

£ D1 Lag too o O £ Lozt Tl Lo T PRY'S L ] <
Ul d DI UIUCUIKN IO DlJllL ITItU U 51 UU}JD Ul J Uy LLO. T1IICOU ' J IJy L sl UUPD dlIT CTdadull lJlCl\,C\zl

b BIS cluster;

hto units 8 to 15;

ccessive row of the BIS block shall be placed in a unit with a ntumber which is one
tart unit used for the previous row:

V = 0 of the BIS block is placed on rows r = 0 of units: 0, 7, 6,5, .., 2, 1;

V = 2 of the BIS block is placed on rows r = 1 of unitsid, 0, 7, 6, .., 3, 2;

= 4 of the BIS block is placed on rows r = 2 of units: 2,1, 0, 7, .., 4, 3.

rgcess is repeated cyclically until row N = 60, which is placed on rows r = 30 of uni
0,7

ted, row r = 1 is shifted 1, row r =.2'1s shifted 2, row r = 3 is not shifted, row r =4 is

d rows of a BIS block, the same kind of procedure is followed, but then using the units

rows of a BIS block are mapped into units 0 to 7 and the odd rows of the'BIS blqck are

b groups from an even row of the BIS block are placed each in the samerow of unit4 0 to 7,
the units are used in reverse order (according to their numbering). The first 3-byte group

higher

s: 6,5,

in each unit, each row r is shifted cy¢lically to the right by mod(r, 3) positions: so row r=0

hifted

B to 15.
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Mathe

«— 3 —
columns
T T B, B, B, T T
31 : :
oYl _Be_ . By, _____] Boo _|___L___
T 93 Bg, Bos
31 : :
S N R S S S R
S Y T
T T
496 | {6
rows 31 e lr units
rows | «—
S S N N e
e e LD sebl b E R
31
i 4 B 47 i

Formuflae (40) to (42):

Byte b
— in

u 3

~
1l

unit:

row:

div(N,2)

— in

celumn:

Figure 36— BIS cluster

v.c Or pby ¢ (see Figure 35) islplaced as follows:

mod{[div(N,2) +8%div(C,3)],8} + 8 x mod(N,2)

matically, the mapping of the bytes’from a BIS block into a BIS cluster can be rg

e = mod{[C + div(N,2)],3}

presented by

(40)

(41)

(42)

The byte number m, giving the sequence number, B, as the physical cluster is written to the disk (see
Figure 22) as per Formula (43):

m=@ux31+r)x3+e
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Byte number N,C from BIS | Shift right | Filling in upward direction
block (=mod(r,3))
Column e
Unitu Rowr 0 1 2
0 0 0,0 0,1 0,2 0 Start of block row N =0
1 2,5 2,3 2,4 1 T Continuation of block row N =2
2 4,7 4,8 4,6 2
3 6,9 6,10 6,11 0
7 14,23 14,21 14,22 1
3 16,1 16,2 16,0 Z Start of PIOCKTOW N = 16
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 End of block row N = 00\, -
1 2,2 2,0 2,1 1 Start of block row Ni=2
2 4,4 4,5 4,3 2
3 6,6 6,7 6,8 0
2 0 0,18 0,19 0,20 0 0N
1 2,23 2,21 2,22 1 End ofblock row N = 2
2 4,1 4,2 4,0 2 Startof block row N = 4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 0,17 0 W\ ¥
1 2,20 2,18 2,19 1
2 4,22 4,23 4,21 2
3 6,0 6,1 6,2 0 Start of blockrow N =6
4 0 0,12 0,13 0,14 0
1 2,17 2,15 2,16 1
2
5 0 0,9 0,10°| 0,11 0
1 2,14 2512 2,13 1
2
6 0 0,60 0,7 0,8 0
1 2,47 2,9 2,10 1
2 4,13 4,14 4,12 2
7 0] 0,3 0,4 0,5 0 T Continuation of block row N =[0
1 2,8 2,6 2,7 1 T Continuation of blockrow N = 2
2 4,10 4,11 49 2
7 14,2 14,0 14,1 1 Start of block row N = 14
30 60,21 60,22 60,23 0 End of block row N = 60

Figure 37 — Example of mapping (partial) of BIS bytes into first 8 units
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Byte number N, C from BIS Shift right | Filling in upward direction
block (= mod(r,3))
Columne
Unitu  Rowr 0 1 2
8 0 1,0 1,1 1,2 0 Start of blockrow N =1
1 3,5 3,3 3,4 1
2 5,7 5,8 5,6 2
3 7,9 7,10 7,11 0
8 17,1 17,2 17,0 2 Start of block row N =17
30 61,18 61,19 61,20
9 0 1,21 1,22 1,23 End of block row )= 1
1( 0 1,18 1,19 1,20 N
11 0 1,15 1,16 1,17 O
17 0 1,12 1,13 1,14 1O
13 0 1,9 1,10 1,11 o
14 0 16 1,7 18 oV
1] 0 1,3 1,4 1,5 O 0 T Continuation of blocirow N =1
1 3,8 3,6 3,7 1
2 5,10 511 5,9 2
7 15,2 15,0 15,1 1 Start of block row N = 15
30 61,21 61,22 61,23 0 End of blockrow N =61
Figure 38 — Example of mapping (partial) of BIS bytes into last 8 unitg
The following are someiconclusions.
— All informatign bytes of a BIS block are found in the first 15 rows of each address unit.
— Al] parifybytes of a BIS block are found in the last 16 rows of each address unit.
— Edchfaddress field is found in the first 3 rows of each address unit (see Figure 39).

13.14 ECC cluster
After constructing the LDC cluster and the BIS cluster, the LDC cluster is split into four groups of

38 columns each. In between these four groups, the 3 columns from the BIS cluster are inserted one by
one. After multiplexing the BIS cluster with the LDC cluster, the ECC cluster of Figure 39 is reached.
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LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns |[column| columns |column| columns |column| columns
«— > «— > — > «— > — > «— > — >
AF3, AFy AFs,
AF, AF; AFg Address
uc,, : : unit 0
N ARy, | AR, | [ AR, [T N o
496 AF;, AF, AF;,
rows AF¢ AF,, AFg, Address
uc,, : : unit 1
l

Figure 39 — ECC cluster after multiplexing.of BIS cluster with LDC cluster

13.15 Recording frames

Each row of the ECC cluster is transformed into' a recording frame by adding locations for frame sync
bits and for d¢-control bits.

For this purppse, a stream of 1 240 data bits which is formed by the 155 bytes of each row of the ECC
cluster is divided into one group of .25-data bits and 27 groups of 45 data bits (see Figure 40) wijith the
most significdnt bits of the bytes.handled first.

The first group of 25 data bits is extended with 20 data-bit positions for the insertion of the fram sync,
which is a spdcial sequenee of 30 modulation/channel bits.

Next, each grqup of 43 _data bits is completed with one additional bit position to form a dc-control block.
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< 155 bytes >
38 1 38 1 38 1 38
bytes | byte] bytes | byte] bytes [ byte] bytes
< 1 240 bits >
25 45 5 ] 45 45
bits bits bits { bits bits
Ffame Data dc Data dc Data dc
sync ! control control control
PO ' 25 1 45 T 0 45 1
P dc-controlblock#g _ dc-controlblock#{ ‘dc-controlblock#2.£6‘ dc-control Jlock#Zj
o 46 bits B 46 bits "~ 25x46bits/ 46 bits -
1 288 bits
Figure 40 — Composition of recording frame
13.16| Physical cluster
The 496 rows from an ECC cluster, transformed into recording frames, are called a physidal cluster.
13.17| 17PP modulation for recordable data
13.17J1General
All thg bits of recording frames.except the frame sync are converted to modulation bit§ according to
the 17PP modulation code. This is an RLL(1,7) code with run lengths 22T and <8T and| some special

propet

P

ties. PP means: parity preserve/prohibit RMTR as follows:

if the number of ONEs in the data-bit stream is even, then also {
ONEs in the modulation-bit stream is even;

if the number of ONEs in the data-bit stream is odd, then also the ny
in the modulation-bit stream is odd.

Arity preserve:

he number of

mber of ONEs

40 a4~

This property makes it easy to control the low-frequency content olfthe recorded

L} 1 ol ol - 1 L Y
SIZIHAL CITICICIILLY (S€C 10.17.0 ).

— Prohibit RMTR:  the number of consecutive minimum run lengths (2T) is limited to 6.
Because of the low signal levels on minimum run lengths, this improves the
read-out performance.

13.17.2Bit conversion rules

Figure 41 defines the conversion rules from data bits to modulation bits. The data bits shall be processed
from left to right (msb first, see Figure 40). Remaining bits at the end of the recording frame shall be
encoded according to the table for terminating bits.

A ONE in the tables represents a transition in the recorded signal. The modulation-bit stream is
converted to an NRZI channel bit stream (see 13.18), and subsequently recorded onto the disk.
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Data bits Modulation bits
00 00 00 00 010100100 100
00001000 000100100 100
00 00 00 010100 000
000001 010100100
000010 000100 000
000011 000100 100
00 01 000 100
0010 010 000
0011 010 100
01 010
10 001
11 000 If preceding modulation bits = xX1
101 If preceding modulation bits =xx0
Data bit pattern Substituting
tp be substituted modulation bits Condition for substitation
110111 001 000 000 If next modulation bits = 010
Terminating Terminating
data bits modulation bits
00 00 010100
00 000

Figure 41 — 17PP modulation code conversion table

13.17.3dc-control procedure

Because a ONE in the modulation-bit-Stream means a transition in the recorded signal, the pplarity
of this signal[can be inverted if. an odd number of ONEs is added to the modulation-bit stream in a
controlled waly. Because of the parity preserve property of the 17PP modulation code, this is possible just
by inserting additional bits into the data-bit stream and setting these to ONE if an inversion is negded.

In this way thle accumulated DSV of the recorded signal shall be minimized after each dc-control block
by setting the dc-control bit at the end of the previous dc-control block to ZERO or ONE (see Figufe 40).

13.17 .4Fram|e sync

The physical clusters consist of 16 address units, where each address unit contains 31 recording frames
(see Figure 22 and Figure 40).

A modulated recording frame starts with a frame sync consisting of 30 channel bits.

The main body of the frame sync is formed by a 24-bit pattern violating the 17PP modulation rules (two
times run length 9T).

The last 6 bits define a signature, that identifies one of seven different frame sync patterns. The 6-bit
signatures for the frame sync IDs are selected such that their distance with relation to transition
shifts is 22.

If the last data bits preceding the frame sync have been coded according to the termination table (see
Figure 40), then the first modulation bit of the frame sync # = ONE, else # = ZERO (see Figure 42).
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The frame sync patterns are defined in terms of modulation bits. A ONE in the table represents a
transition in the recorded signal. Before recording onto the disk, the frame sync codes are converted to
an NRZI channel bit stream (see 13.18).

Sync number 24-bit sync body 6-bit sync ID
FSO #01 010 000 000 010 000 000 010 000 001
FS1 #01 010 000 000 010 000 000 010 010010
FS2 #01 010 000 000 010 000 000 010 101 000
FS3 #01 010 000 000 010 000 000 010 100 001
FS4 #01 010 000 000 010 000 000 010 000100
£S5 #04+-61+6-066-666-010-666-666-046 8014604
FS6 #01 010 000 000 010 000 000 010 010 000

Figure 42 — 30-bit frame sync codes

Becauge seven different frame syncs are insufficient to identify 31 recording frames, pach frame is
identified by the combination of its own frame sync and the frame syne’‘of-one of the preceding recording
frames. The mapping of these combinations can be made such that,\even with missing frame syncs in
1, 2 or|3 preceding frames, a recording frame can still be identified‘by its own frame syrjc and the last
presert frame sync (see Figure 43).

Rec. frame n-4 | Rec.framen-3 | Rec.frame n-2(| Rec.framen-1 | Rec.fraien

Recording frame n can be identified from the frame sync IDs of:
Recording frame n + recording-frame n-1
Recording frame n + recording frame n-2
Recording frame n + recQrding frame n-3
Recording frame n + gecording frame n-4

Figure 43> Identification of recording frames

The fifst recording frame of each address unit has a unique frame sync: FSO.

The other frame syncs argmiapped as specified in Figure 44.
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Frame number [ Framesync | Frame number | Frame sync

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FS6
7 FS1 22 FS5
8 FS5 23 ES1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FS2

Figure 44 — Mapping of frame sync codes on recording frames

13.18 Modulation and NRZI conversion

Before being [recorded onto the disk, data bits are converted to modulation bits, which in turn are
converted to NRZI channel bits according to the followilig process (see Figure 45):

Data Modulation NRZI converted
bits bits Ex-OR channel bits
Modulator > NRZ i ;q_\

corversion

\ 4

1T
T =1 channel clock period delay

Example of data bit pattern: 0 1 01 10 01

=

Modulation bitpattern: 0 1 0{0 1 0|0 0 1({0 1 0

NRZ converted signal: |_|
NRZI converted signal:

Figure 45 — Modulation and NRZI conversion

14 Physical data allocating and linking

14.1 General

The unit of recording is a recording unit block (RUB), consisting of a physical cluster preceded by a data
run-in and followed by a data run-out.
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Recording unit blocks can be written one by one or in a continuous sequence of several RUBs (write_

streaming).

In the recordable areas of the disk, a wobble cycle shall correspond to 69 channel bits if the channel bit
rate is locked to the wobble frequency. This means that a modulated recording frame, which is 1 932
channel bits (= 1 288 data bits), covers exactly 28 wobble cycles. This locked case is considered to be

the nominal situation.
14.2 Recording unit block (RUB)

14.2.1 General

Each RUB consists of a data run-in of 2 760 cbs (nominally 40 wobble periods), a physjcal cluster of
496 x |1 932 cbs (nominally 496 x 28 wobble periods) and a data run-out of 1 104 ¢bs [nominally 16
wobble periods).
Run-in Physical cluster Run-out Guard 3
<« 40 wbs =< 496 x 28 wbs = [« 16 wbs — [<*,8-wbs —
Figure 46 — Layout of single written recording unit block
Each dingle written RUB or each continuously writted sequence of RUBs shall be terminated by a
Guard| 3 field, ensuring that no gaps (unrecorded areas) ever occurs between any 2 RUBs
Such a|Guard_3 field shall consist of 540 cbs (nominally ~ 8 wobble periods).
Rup-in Physical cluster [ Run-out Run-in"~ | Physical cluster Physical cluster | Run-ofit | Guard_3
o\w
<40 vbs — |« 496 x 28 wbs — |« 16wbs,—$>—ﬂ0 wbs =496 x 28 wbs — <496 x 28 wbs— |« 16 wbp = [« 8 wbs—
f
Figure 47 — Layout.of continuously written sequence of recording unit bldcks

14.2.2) Data run-in
14.2.2l1 General
The dqta runsin consists of the following parts:
—  Quard—t: TTO0Tiramnme bits:

PrA (pre-amble):

1 660 channel bits.

The PrA field is meant as a run-in for signal processing (for locking and synchronization).

The Guard_1 field is meant to cope with the overlaps due to inaccuracies in determining the start
location of recording sequences (see Figure 48).
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14.2.2.2 Co

Guard_1 PrA

1100 cbs 1 660 cbs
Optional APC | Repeated bit pattern Nominally
=~ 5 wobbles ~ 11 wobbles ~ 24 wobbles

Figure 48 — Layout of data run-in

tent of Guard 1 fields

The Guard_1

The content r

These pattert]

electronic cir

14.2.2.3 Aut

The first 5 wg
an automatid

procedure ca

repeated pat]

14.2.2.4 Con

The PrA field

The content o

ield has a length of 1 100 channel bits.
bpresented in modulation bits is 55 times repeated 01[02]1[02]10101[04]1{03]:

s result in a repeated 3T/3T/2T/2T/5T/5T sequence, which is well-suited to re-set
Cuits.

pmatic power control (APC)
bbles of the Guard_1 field at the start of a recording sequente can be used for perfq

h be chosen freely by the recorder manufacturer ahd is allowed to be different fr
ern as defined in 14.2.2.2.

tent of PrA fields
has a length of 1 660 channel bits.
f the PrA field shall be as shown inFigure 49:

tle the

rming

power control procedure. The modulation-bit pattern to be used for such an APC

bm the

In general Sy

sync after the

77 timeq repeated 2 times repeated
01[02%]1[02%]10101[0%4]1[03] Sync_1 A0170%]1[02]10101[04]1[03] Sync_2 | 01[02]1[02]10101[04][L[03]
«——1540 cbs——> «30.cbs— «——40cbs—— <30 cbs—> 20 cbs

Figure 49 — Layout of PrA field

hc 1 shall be FS{mod[(N+4),7]} and Sync_2 shall be FS{mod[(N+6),7]} if the first
Pr#is FS(N)(N = 0..6, see 13.17.4).

frame

This means that Sync_1 shall be FS4 and Sync_2 shall be FS6 (the first frame sync after the PrA is FS0).
The first bit of each of Sync_1, Sync_2 and the first frame sync after the PrA is allowed to be used for dc-

control (# =2

14.2.3 Data

ERO or ONE, see Figure 42).

run-out

14.2.3.1 General

The data run-

60

PoA (post-amble):

Guard_2:

out consists of the following parts:

564 channel bits;

540 channel bits.
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The PoA field is meant as a run-out for signal processing.

The Guard_2 field is meant to cope with inaccuracies in determining the start location of recording
sequences (see Figure 50).

PoA Guard_2
564 cbs 540 cbs
nominally nominally
~ 8 wobbles ~ 8 wobbles

Figure 50 — Layout of data run-out

14.2.3.2 Content of PoA fields

The PqA field has a length of 564 channel bits.

The content of the PoA field shall be as shown in Figure 51:

Sync_3

01[08]1[08]1[08]1[08]1[08]1[07]

24 times repeated

01f02]1[02]10101[0*]1[03]

< 30 cbs—

«— 54 cbs

¢ 480 cbs

Figure 51 — Layout of PoA field

In geng¢ral, Sync_3 shall be chosen such that it,corresponds to a frame number n+1 if the usgr data before
the PoA ends with frame number n (see 13717.4).

This nleans that Sync_3 shall be FSO0:

The figst bit of the Sync_3 patterns’shall be used as defined in 13.17.4.

The 9T/9T/9T/9T/9T/9T pattern after Sync_3 can be used as a “stop of user data” indicatpr.

14.2.3.3 Content of Guard_2 fields

The Gyard_2 fieldhas a length of 540 channel bits.

The content«épresented in modulation bits is 27 times repeated 01[02]1[02]10101[04]1[0

14.2.4 Guard 3 field

14.2.4.1 General

Guard_3

540 cbs
Repeated bit pattern Optional APC
~ 3 wobbles ~ 5 wobbles

Figure 52 — Layout of Guard_3 field

The Guard_3 field has a length of 540 channel bits.
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The content represented in modulation bits is 27 times repeated 01[02]1[02]10101[04]1[03] (see
Figure 52).

14.2.4.2 Automatic power control (APC)

The last 5 wobbles of the Guard_3 field at the end of a recording sequence can be used for performing an
Automatic power control procedure. The modulation-bit pattern to be used for such an APC procedure
can be chosen freely by the recorder manufacturer and is allowed to be different from the repeated
pattern as defined in 14.2.4.1.

14.2.4.3 Linking requirements

The Guard_1|and Guard_3 fields shall be used for linking separately written recording unif block
sequences. The Guard_3 area of the previous recording unit block sequence shall be overwrititen by
the Guard_1 flield of the actual written recording unit block sequence. The SER requirement for(linked
sequences is dpecified in 34.1.

Alinking examnple of 3 separately written single recording unit blocks is given in Figtire 53.

Run-in Run-out
«— - «— -
Run-in Run-out c1 | ren Physical porl 62 1 g3
— - — - cluster
Run-in Run-out Physical
- N - | G1 | PrA cluster PoA| G2 | ,G3
1 |pra| [PSI Jpoal 62 | 63 T
cluster Link
T G1 = Guard_1 figld
Link G2 = Guard_2 fi¢ld

G3 = Guard_3 fi¢ld

Higure 53 — Linking of 3 separately written single recording unit blocks

14.3 Locating data relative to wobble addresses

The nominal $tart positions for recordings (and single RUB) as continuous sequences of several RUBs,
are the locatipns of the middle efithe wobble in NWL 25 in the reference unit between the Sync| 3 unit
and the first Data_x unit of the ADIP words with a PAA of which bits AA1,AA0 = 00 (see 15.7).

The accuracylfor determining the start positions shall be better than +34 cbs.

As a consequgnce, thelength of the overwritten area shall be between 7 and 9 wobble lengths.

15 Track format

15.1 General
A track is formed by a 360° turn of a continuous spiral.
Each recording layer shall have the same basic tracks at about the same locations (see Figure 54).

For consistency reasons, the sole recording layer on an SL disk is also called layer LO.
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15.2 Track shape

The zone between radius r; = 21,0 mm and radius r3 = 22,2 mm is reserved to be used for the BCA (see
Clause 35). In this zone, there shall be tracks formed by a single spiral groove starting from (on layer

LO0) or ending at (on layer L1) radius 21,09'(?1 mm.

A transition from straight groove to the HFM groove between the BCA zone and the embossed HFM
area shall occur between radius r, = 22,0 mm and r5 (see Figure 54). At this transition, the spiral groove
shall be uninterrupted.

The groove tracks in the BCA zone shall be straight groove(s) (without any modulation) between a
radius of 21 mm and the point where the encoding of the HFM groove in the embossed HFM area starts

on lay¢r LO or the wobbled groove ends on layer L1 (see Clause 18).
Inner zone n _, Data zoné n
| BCA Embossed HFM area Recordablearea
> |« > |«
Layer LO | — —> S
. SpEpl i gy Hpy Hiy F U7 e e g Ue U Ue Wa N /a
ry S‘Icralght groove HFM Groove Wobbled groove Trackjng
| I —>
S : 2 directjon
/// | r3
Straight groove Wobbled groove Tracking
«— S
Y7 dom directjon
! Connection Connection
area area

Figure 54 — Connection areas between different groove types

In the
contin

embossed HFM area on layer L0 {see Clause 16), the tracks are formed by a single
ing uninterruptedly from the«end of the straight groove in the BCA zone.

spiral groove

These
radial
chann

viation in the
capacity data

groove tracks in the embossed HFM area move with a rather high frequency de
direction around their nominal centrelines, thereby providing a high bit rate/high
] for the storage of replicated information (HFM groove).

The shlape of each tragk'is' determined by the requirements in Clause 26.

In the
the en
on lay

recordable,areas (see Clause 16) the tracks are formed by a single spiral groove,
H of the embossed HFM area on layer LO or ending at the beginning of the straigh
br L1.<Fhe groove in the recordable areas move with a mainly monotone sinusoid3

the ra

ial direction around their nominal centrelines [wobbled groove(s)]. The sinusoid

starting from
t-groove area
| deviation in
1] deviation is

modulpted’by replacing some cycles at certain locations by different patterns.

The wobble can be used for speed control of the disk and synchronization of the write clock of the drive,
and the modulated parts represent addressing information called address in pre-groove or ADIP (see
15.7). The shape of each track is determined by the requirements in Clause 27.

NOTE Although the term of "pre-groove" is not defined in this document, "ADIP" is widely used as an acronym
of "address in pre-groove" in optical disk standards. The meaning of "pre-groove" is the same as "groove" in this
document.

At the connection between the embossed HFM area and the recordable area, the spiral groove shall be
uninterrupted. Between the replicated information in the HFM groove and the ADIP information in the
wobbled groove, it is allowed to have a groove-only part (without any modulation) for maximum 1 mm
in the tangential direction along the track.

Groove geometry
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On each layer either on-groove recording or in-groove recording is allowed.

For on-groove recording, a geometry is used where the grooves are nearer to the entrance surface of
the disk than the land. For in-groove recording, a geometry is used where grooves are farther from the
entrance surface of the disk than the land. The outline of the groove geometry is presented in Figure 55.

Land Land
ro Substrate Grogve Substrate

Transmission stack Transmission stack

Read-out Read-out
beam beam
“On-grooverecording” “In-grooverecofrding”

Figure 55 — Outline of groove geometry (radial cross-section of disk)

15.3 Track path

On layer LO the spiral shall run from the inner side of the disk towards the outer side of the dislk when
the disk rotatps according to the specification in 9.8.

On layer L1 the spiral shall run from the outer side of thédisk towards the inner side of the dislt when
the disk rotates according to the specification in 9.8.

On an SL disk| the tracks shall start at the beginningiof the inner zone, terminate at the end of th¢ outer
zone and be cpntinuous in the information zone:(s€e Figure 17).

On a DL disk, [the tracks on layer LO shall start at the beginning of the inner zone, terminate at the end
of the outer zpne 0 and be continuous inithe information zone. On layer L1, the tracks shall start at the
beginning of the outer zone 1, terminate.at the end of inner zone 1 and be continuous in the information
zone (see Figyre 18).

15.4 Track pitch

15.4.1 Track pitch in BEA zone

The track pitdh (TP)\in BCA zone is the distance between the average centerlines of a groove in adljacent
tracks, measured in the radial direction.

The track pitch shall be (2,0 + 0,1) pm.

In the area between r, and r;, the track pitch shall change over from 2,0 pm to the track pitch of the
embossed HFM area (on layer LO) or to the wobbled groove area (on layer L1).

15.4.2 Track pitch in embossed HFM area

The track pitch in embossed HFM area is the distance between the average centrelines of an HFM
groove in adjacent tracks, measured in the radial direction.

The track pitch shall be (0,350 + 0,010) um.
The track pitch averaged over the embossed HFM area shall be (0,350 + 0,003) pm.
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The track pitch in recordable area(s) is the distance between the average centrelines of a wobbled
groove in adjacent tracks, measured in the radial direction.

The track pitch shall be (0,320 £ 0,010) pm.

The track pitch averaged over the recordable area(s) shall be (0,320 + 0,003) pm.

15.4.4 Track pitch between embossed HFM area and recordable area

The change in track pitch from 0,35 pm to 0,32 pm (on layer LO) shall be realized within maximum 100

tracks

15.5

15.5.1

In this
define

The d4
2 datal
data a
Clause

General

d in Clause 18.

13.

Track layout of HFM groove

(revolutionsj, which tracks snall be Iocated completely In protection Zzone 4 (see I'lf

A reduced combination of LDC+BIS code is used as shewn schematically in Figure 56.

pure 84).

subclause, only the encoding format of the data is described. The Jocations and the content are

tain HFM groove is recorded in 4K partitions, called PIC clusters. Each such PIC cliister contains
frames, each with 2 048 bytes of data. The error-cortection mechanisms used t
nd the procedures to build up fully formatted partition are very similar to thosg

p protect this
described in

5 made to the

For deftailed descriptions of the related processing steps and applied codes, reference i
descriptions in Clause 13.
Sync
1 byte 10 bytes 1 byte 9 bytes
T Dy - Dy B, | Dyg.Dyg T
Dy ... Dyg B, Dy vorren -
________ Datastream | : | | 216data
248 rows > > > > :
on disk :
_________________________________ )
T
3Zparities
2 B, e Dy

15.5.2

15.5.2

Figure 56 — Schematic representation of 4K PIC cluster on disk

Data format

.1 Data frame

Each data frame is extended with a 4-byte error detection code (EDC) as described in 13.2 and 13.3.
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15.5.2.2 Scrambled data frame

Each data frame with its EDC is scrambled according the procedure described in 13.4. For the preset of
the scrambler AUN; ;.. AUN; (see 15.5.3.2 and 13.9.2.2) shall be used instead of PS;g .. PS;.

15.5.2.3 Data block

Each 2 scrambled data frames are mapped into an array of 216 rows x 19 columns as described in 13.5
and indicated in Figure 26 (only columns 0 ..18).

15.5.2.4 LDC block

Next 32 rows with error-correction parities are added according to the procedure described in'l3.5 and
13.6, with thq difference being that there are only 19 columns (L = 0 ..18). The result of this-prodessing
is a matrix of P48 rows x 19 columns.

15.5.2.5 Intgrleaving

The interleaving procedure is different from the one described in 13.8. Only(the second interleaving
step describefl in 13.8.3 is applied., That is each successive row is shifted onedrore byte position to the
left [shift = mpd(k, 19), where k is the row number, 0 < k < 247)]. The bytésthat shift out at the lgft side
are re-enteredl in the array from the right side (see Figure 57).

« 19 bytes -
— shift 0 €00 €1 |- €018 T
— shift 1 €14 €1y |- €118 €10
— shift 2 €, €3 |- | epig €50 €,
. O
<t shift 18 €11 | €180 |-I® €1g17 248
— shift 0 €19 €191 X J- €1913 | TOWS
« shiftmod(k,19) | .. [CUn.
«_shift 18 P246,18 | P2460 |- P246,17
— shift 0 P2470 | Pasazq |- P24718 1

Figure 57 — Interleaving of PIC LDC block

After this projcess the bytes are renumbered in the horizontal direction through all the rows refulting
in the numbering D, to D, 714 as indicated in Figure 56.

15.5.3 Addressing and control data

15.5.3.1 General

Unlike the format in recordable areas of the disk, a BIS block is composed of 4 BIS code words and filled
up with 8 addresses of 9 bytes each, in 18 rows and 2 user control data units of 24 bytes each, in 12

rows (see Figure 58).
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4 columns
0 1 2 3
T 0 AF,, AF, 4 AF,, AF, 4 T
1 AFg, AF, - AF, . AF, <
2 AF, AF, AF, 4 AF,,
3 AF; ¢ AF,, AF,, AF, .
4 AF,, AF, 4 AF, AF, .
5 AF, ¢ AF, ¢ AF, , AF, -
6 AF; . AF,, AF;, AF,
7 AF, , AF3¢ AF, ¢ AF,,
8 AF,, : : AF, 4 18 rpws
9 AF, , : : : addresses
10 AF¢ 4 AF.,
11 AF. . : :
1 BIS 12 AF,, AF¢ 4 AF,,
codeword 13 AF¢ ¢ : : :
=62bytes 14 AF. , AF., AF,,
15 AF- - : :
16 AFg, : : AFg 4
17 AFg, AFg AFg% AFg . J
18 UCy UCys 0 UCy 1 UCysq I
19 UCq 0 UCy39 UC,; 4 UCy34 12 rpws
: : : N : : user cpntrol
28 UCi00 UCpo | UCygy UCs4 data
29 UCi10 UGy’ UC14 UCp34 T
30 Pbso, Pb3o4 Pbs, Pb3os
31 Pbsi, Pb3; 4 pbs;, Pbs; 5 32 rpws
: : : : : parities
! 61 Pbg gl Pbaig Pbey, Pbgia y )
Codeword | Code word | Code word | Code word |
0 1 2 3
Figure 58 — PIC BIS block
15.5.3{2 Address fields
Compdrable jto the recordable areas of the disk, where each 1/16 of a 64K cluster (§ 4K bytes) is

identifiedby one address unit number (see 13.9.2), each 4K PIC cluster shall be identified Hy one address
unit number. These address unit numbers shall increase by two for each successive 4K PIC cluster.

Each PIC BIS block contains eight repetitions (S = 0 .. 7) of the same address, where the flag bits are used
to identify the repetition number.

AF( ¢ = MSB of address unit number (all the same for $=0..7);
AF, ¢= 2nd SB of address unit number (all the same for §=0 .. 7);
AF, ¢= 3rd SB of address unit number (all the same for S =0 .. 7);
AF3 ¢ = LSB of address unit number (all the same for §=0..7);
AF, ¢ = flag bits:

— bit 7 to bit 3 shall be set to reserved;
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bit 2 to bit 0 shall be set to the binary value of S;
— AF;g.. AFg ¢ = parity bytes for forming an (9,5,5) RS code over the address field.
The parity bytes shall be calculated according to the definitions given in 13.9.2.

The 8 addresses are mapped into the PIC BIS block in a special pre-interleaved way.

The bytes of addresses 0 to 3 are placed in a diagonal direction in the even-numbered rows, starting
with byte 0 of address 0 in row 0, column 0 and each successive address being shifted cyclically one

position to the left (see Figure 58).

The bytes of addresses 4 to 7 are placed in a diagonal direction in the odd-numbered rows, starting
with byte 0 df address 4 in row 1, column 0 and each successive address being shifted cyclically one
more positior] to the left.
Mathematicallly, this mapping of the address bytes into the PIC BIS cluster can be epresented by
Formula (44){Byte AF, , shall be allocated in:

row: =2 xx+div(y4); and

column: c[= mod[(x + 8 - y),4] (44)
15.5.3.3 User control data
There are twq user control data units, each consisting of 24 bytes. Bytes 0 to 11 of the first user ¢ontrol
data unit shall be placed in column 0, rows 18 to 29 of the:RIC BIS block and bytes 12 to 23 in dolumn
1, rows 18 t0|29. In the same way, bytes 0 to 11 of the second user control data unit shall be pljced in
column 2 and|bytes 12 to 23 in column 3 (see Figure 58)
All bytes of both user control data units shall be reserved.
15.5.3.4 BIS|code words
The PIC BIS block is completed by adding 32 rows with parity bytes (see Figure 58) according|to the
procedure depcribed in 13.11 and 1312, with the difference that there are only 4 columns (¢ 4 0 ..3).
The result is jow a matrix of 62 réws x 4 columns.
15.5.3.5 BISjcluster
Finally, the matrix of BIS«code words is reconstructed into one-column of 248 bytes that can be injserted
in the PIC clugter as indicated in Figure 56.
Bytes B, to Bj,4are filled by successively copying bytes from the even rows by going through the BIS
block cyc]ica] vina di;\gnnnl direction starting fromrow Q0 _columnQ (cpp Ficure '-“\Q)

Bytes B, to B, are filled by successively copying bytes from the odd rows by going through the BIS
block cyclically in a diagonal direction starting from row 1, column 0.

Mathematically, the mapping of the bytes from the PIC BIS block into the PIC BIS cluster can be
represented by Formulae (45) to (47):

Letbyteb,.b
and byte B; is
then:

r=mod(2

68

e the byte in row r and column c of the BIS block,

the ith byte in the column of the BIS cluster,

x i, 62) + div(i,124);

(45)
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(46)

(47)

As a result of this interleaving, the one-column 248-byte BIS cluster is divided into eight groups of 31
bytes, where each 31-byte group is composed of 9 address bytes, 6 UC data bytes, and 16 parity bytes in
succession. The address bytes, due to the pre-interleaving, appear in the correct order for direct access.

BIS block BIS cluster
i c=0 1 2 3 < 1 byte —»
r=0 0 93 62 31 B, T
1 124 217 186 155 :
2 32 1 94 63
3 156 125 218 187 :
4 33 2 95 :
5 157 126 219 B;
6 34 3 :
7 158 127
8 4 35
9 128 159
10 5
11 129 Bias 248
12 6 Bioa rowsy
13 130 :
53 243
54 120 27
55 244
56 28 121
57 152 245
58 60 29 122
59 184 153 246
60 92 61 30 123
67 216 185 154 247 B,47 l
Figure 59 — Reading order for constructing PIC BIS cluster

15.5.4 Recording frames

15.5.4.1 General

In the next processing step, the 19 columns of an interleaved LDC block are multiplexed with the one-

column BIS cluster and extended with a column of synchronization patterns as defined in Figure 56.

Each row of this 21-column by 248-row matrix is called a PIC recording frame.
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15.5.4.2 Modulation

The 168 bits of each PIC recording frame, except some of the bits of the synchronization pattern are
converted into modulation bits by applying a biphase modulation method. In this modulation method,
a bit with value ZERO is represented by a transition at the start of the bit cell and a bit with value ONE
is represented by a transition at the start and in the middle of the bit cell (see example in Figure 60).
The modulation bits are recorded on the disk by a deviation of the groove from its average centreline as
indicated in Figure 60. The length of each bit cell shall be 36 T, where T corresponds to the length of a
channel bit in the recordable areas.

Example of data bit stream

0 1 0 1 1 0
Averpge |———/ —\— / / —
grogve - .| - === — i B _._._._._...._._._._;(_l:_.
cenfre — Q)Q
\ \ / N

—> ([ —>
36T 36T

Figure 60 — Biphase modulated HFM graove

15.5.4.3 Frame sync

Each recording frame starts with a synchronization pattern equivalent to 8 data bits. The firs{ 4 bits
are replaced by 4 bit cells with a special pattern that viélates the normal biphase encoding rulgs (see
Figure 61: twp possible patterns depending on the initial)phase).

Syne pattern

A
A\ 4

Data Sync body Sync identification hta

—» |« » |
< » | €

- - - - IDO ID1 ID2 Parity

AT

\/

Figure 61 — Biphase synchronization pattern

Seven different sync patterns are identified by the last 4 bits: ID, .. ID2 and a parity bit (see Figure 62).
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Sync number ID, | ID, | ID, | Parity

FSO 0 0 0 0
FS1 0 0 1 1
FS2 0 1 0 1
FS3 0 1 1 0
FS4 1 0 0 1
FS5 1 0 1 0
FS6 1 1 0 0
Figure-62—Syneidentifieation

By me
record
15.5.3

The 3]
patter

The ot

hns of the PIC BIS column, the 248 rows of a PIC cluster can be divided intq eight

ing frames, where each group of recording frames carries an address inits-first n
5).
| successive recording frames of each such group are identified-by~a special seq
hs (see also 13.17.4). The first recording frame of each group hasthe unique sync p
her sync patterns are mapped as specified in Figure 63.
Frame number [ Sync number | Frame number | Sync number

0 FSO

1 FS1 16 FS5

2 FS2 17 FS3

3 FS3 18 FS2

4 FS3 19 FS2

5 FS1 20 FS5

6 ES4 21 FS6

7 FS1 22 FS5

8 FS5 23 FS1

9 FS5 24 FS1

10 FS4 25 FS6

11 FS3 26 FS2

12 FS4 27 FS6

13 FS6 28 FS4

14 FS6 29 FS4

15 FS3 30 FS2

Figure 63 — Mapping of sync patterns on PIC recording frames

groups of 31
ine rows (see

lience of sync
hittern FSO.

15.6 Track layout of wobbled groove(s)

15.6.1

General

The wobble of the tracks is a more or less sinusoidal deviation from their average centrelines.

The nominal wobble length NWL (equivalent to 69 channel bits) shall be 5,140 5 pm * 0,005 pm for a

disk with a user data capacity of 25,0 GB per layer, averaged over the recordable areas.

This corresponds to a fundamental frequency f,,,, = 956,522 kHz at the reference velocity.
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15.6.2 Modulation of wobbles

15.6.2.1 General

The basic shape of the wobble is a cosine wave: cos(2m x f,,, x t ). Wobbles with this basic shape are
called “monotone wobbles” (MW).

Some wobbles are modulated, where two modulation methods shall be used simultaneously as follows:
— the first modulation method is called MSK-cos (minimum shift keying - cosine variant);

— the second modulation method is called HMW (harmonic modulated wave).

In the protedtion zone 3 area in the outer zone(s) (see Clause 16 and 20.2.10) the groove silall be
modulated byl MSK-cos only and not by HMW.

ion methods shall represent ADIP information as defined in 15.7.

-cos modulation

lation is applied by replacing three consecutive monotone wobbles by one MSK mark
mark consists of three nominal wobble lengths NWL with the following wobble pdtterns

Figure 64:

NWL continues the MSK mark with a cosine wobble with a frequency = £, ,;;

— the third NWL terminates the MSK mark with a cosinewobble with a frequency = 1,5 x f, ...

Waobble:
-cos(2mx fi,op X t)
\Sxxfggcb(l)gs Wobble: Wobble:
+cos(2m x (1,5 x foan)x t) -cos(2mx (1,5 x fi,op )% t)
Inner side v
of disk «——— > |e— > |——>

b
| ) \

Outer side||<F=——|«——>|< > |l — | ———p

of disk '\‘\ MSK mark (MM) /'/'

Monotone wobbles (MW): +cos(21t % f,,o, X t)

Figure 64 — Definition of MSK mark (on groove)
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HMW modulation is applied by replacing a number of consecutive monotone wobbles with the same
number of saw-tooth wobbles (STW). A saw-tooth wobble is formed by combining the basic cosine with
a sine wave of twice the frequency as per Formula (48):

cos(2m xfwob xt)+axsin[2m x (2 xfwob) xt]

where

a=0,25.

(48)

Such a combination of a cosine with the fundamental frequency and a certain amount of second

harm

nic represents a first-order approximation of a saw-tooth wave, The + or - sign

creates a left

or righ

represent the bit value ZERO (see Figure 65).

+CO

5(2T0 % fop X t ) +axsin[2mwx(2 x f,,.,) x t ]

t inclination, where the + sign is used to represent the bit value ONE and the +gjign is used to

+COS(2T0 % fiyg X £ ) - @ % SIRI2TOX(2 A fyr) % ¢ ]

v o
Infn;_rlzide < ONE 701 (" ONE | ﬁ ZERO
of dig
Outer|side
of dis y ’ N > Dl E—

15.6.3

When
deviat

When
deviat

15.7 |

15.7.1

{ y o3
W wobbles

Wobble polarity
on towards the-outer side of the disk.

on towards inner side of the disk.

ADIP information

T

Monotonie wobbles (MW): +cos(21t x f,, % t)

Figure 65 — Definition of saw-tooth wobbles (on groove)

push-pull polarity/(see 26.1) is negative, then the wobbled groove shall start it

push-pul polarity (see 26.1) is positive, then the wobbled groove shall start it

Saw EOOth Wy

first wobble

first wobble

General

Data to be recorded onto the disk shall be aligned with the ADIP addresses modulated in the wobble.
Therefore 56 NWLs shall correspond to 2 recording frames (see 13.16). Each group of such 56 NWLs is

called

an ADIP unit (see Figure 66).
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2 recording frames

<« 1932 channel bits

1932 channel bits ———— »

Sync Data Sync Data
~x95—» -~—=x~95—
wobbles wobbles
1 ADIP unit
56 NWLs
Figure 66 — General ADIP structure
15.7.2 ADIP|unit types
By inserting MMs into the 56 NWLs of an ADIP unit with unique distances between adjacenf MMs,
different typds of ADIP units can be created.
The ADIP units representing a data bit are additionally modulated with STWs.
Furthermore|a reference STW unit is defined. Each type of ADIP unjtstarts with an MM.
The following types of ADIP units are defined (see Figure 67).
— Monotong¢ unit:  consisting of one MM followed by 53:MWs;
— Referencg unit:  consisting of one MM followed by’15 MWs, 37 STWs and one MW;
— Sync_0 unit: consisting of one MM followed by #3 MWs, one MM, 7 MWs, one MM and 27 MWs;
— Sync_1 uit: consisting of one MM followedby 15 MWs, one MM, 7 MWs, one MM and 25 MW;
— Sync_2 unit: consisting of one MM folléwed by 17 MWs, one MM, 7 MWs, one MM and 23 MW;
— Sync_3 unit: consisting of one MM followed by 19 MWs, one MM, 7 MWs, one MM and 21 MWf;
— Data_x upit: with x representihg ONE or ZERO:
— Data]1 unit: consisting of one MM followed by 9 MWs, one MM, three MWs, 37 STWs and ofje MW;

Data

The 4 sync uj
bit value ONE

its are.used for synchronization purposes while the Data_1 unit is used to repres

0 unit: consisting of one MM followed by 11 MWs, one MM, one MW, 37 STWs and ope MW.

bnt the

andthe Data_0 unitis used to represent the bit value ZERO.

74
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NWL numberO.. .. 3.. 18 T 1)
Monotone unit N | HEEEEEEEEEEEEEEEEEEEEEEEE NN EEEEEEEN
Reference unit I | [T TT T NNARNNNNNNNNARNANNRNNNNARNRNNNRNANARARNN

[
I

Sync_0 unit N IIIIﬁlllI-IIIIIIIIIIIIIIIIIIIIIIIII
[TTT11 HEEEEE BEEEEEEEEEEREEEEEEEEEEE
I
[
I

Sync_1unit N |

Sync_2 unit I ] HEEEEEE HEEEEEE BEEEEEEEEEEEEEEEEEEEN

Sync_3 unit 1 HEEEEEEEE SEEEEEE BEEEEEEEEEEEEEEEEEE
[ NNANRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRN

Data_0 unit [ N
Data_1 unit I W 1 T I AANNANNANANANAANAAANAAAAAAAAAAANANAAN

B MSK mark
[l Monotone wobble
N Saw tooth wobble representing ZERO [J Saw tooth wobblé representing ONE

Figure 67 — ADIP unit types

15.7.3] ADIP word structure

83 ADIP units are grouped into one ADIP word. This means that 3 ADIP words dorrespond to
3 x 83|x 2 =498 recording frames, which is equivalent to @ne Tecording unit block (RUB) [see 14.2).

Each ADIP word shall be constructed as indicated in Figure 68.
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ADIP unit number ADIP-unit type ?)];I:urzﬁil: An?kIJElCeor(lilfrrvl\;)Oerrd
0 Monotone -
1 Sync_0 -
2 Monotone
3 Sync_1 -
4 Monotone --- -
5 Sync_2
6 Monotone .
7 Sync_3 -
8 Reference
9 Data_x b, QQ e
10 Data_x b, Q\
11 Data_x b, Q(b 0
12 Data_x by \\Q/
13 Reference - -
14 Data_x b, s‘\"J
15 Data_x b, ¢, [O)
16 Data_x b‘Q\ €1
17 Data_x \\\ffo
18 Reference
8+1ix5 Reference;
9+ix5 Data_x b,
10+ix5 Data_x b, .
11+ix5 Data_x b, i
12 +ix5 Data_x b,
78 ,\) Reference
79 Data_x b,
80 Data_x b,
81 Data_x b, C14
82 Data_x b,

Figure 68 — ADIP word structure

15.7.4 ADIP data structure

15.7.4.1 General

Each ADIP word contains a total of 60 bits, which form a code word according to a non-systematic
Reed-Solomon error-correction code. This code word is constructed from 36 information bits. Before
encoding the information, the 36 information bits are ordered into 9 4-bit nibbles, n, to ng, as defined in
the array of Figure 69.
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Nibble b, b, b, b,
n, AA23 AA22 AA21 AA20 T
n, AA19 AA18 : : 6 nibbles ADIP
: : : : : address
ng AA3 : : AAOQ l
ng AX11 : : : T
: : : : : 3 nibbles Aux data
ng AX3 : : AXO l

Figure 69 — ADIP information structure

The nibbles n, to ng are transcoded to nibbles ¢, to ¢4 by an error correction system (see 15.7.5).

Becau
the bit]

be this error-correction system is non-systematic, there is no simple ditrect relation
s in the information array and the coded bits in the ADIP unit.

15.7.4.2 ADIP information bit assignments

The in

- A
A

The fil
zone,

The la
The fix

The la

formation contained in the ADIP data bits shall be as follews:

A23..AA0: These 24 bits shall contain the physical ADIP-address (PAA). AA23 shall
A0 shall be the Isb. This address shall consist of three parts:

AA23..AA21: These 3 bits shall indicate, the'layer number and shall be set to: 0
and to 001 on layer L1. All other settings shall be reserved;

AA20..AA2: These 19 bits shall contain a sequential number, which shall increas
each 3 consecutive ADIP words (synchronized to the RUB’s, see 14.2);

AA1,AAQ: These 2 bits shallbe set to 00, 01 and 10 consecutively in 3 successiy
corresponding to one RUB..The setting 11 shall not be used.

st address in the information zone on layer LO shall be such that the first addre
vhich is PAA 02 00,00h,is located at radius 24,0(_)'(?1 mm.

bt address of the data zone on layer LO (LAA) shall be located at a radius <58,1 mm.

st address-ofithe data zone on layer L1 (FAA) shall be located at a radius <58,1 mm

5t address of the data zone on layer L1 (3D FF FEh) shall be located at radius 24,09’(

ship between

e the msb and

0 on layer LO

e by one after

e ADIP words

5s in the data

1 mm.

_  AKLY. AX0: These 12 bi : diary inf o0 al he disk:

in the data zone(s) and the outer zone(s) of the disk, the auxiliary bits shall be se

in the inner zone(s) of the disk, the auxiliary bits shall be used as follows;

t to ZERO;

— AX11.. AXO from 96 consecutive ADIP words (equivalent to 32 RUBs), shall form one ADIP

aux frame with 144 bytes;

— the first bits of each ADIP aux frame shall be located in an ADIP word with a PAA thatis a

multiple of 128 (PAA = xxxx xxxX XxxX Xxxx X000 0000);

— the content of the 144 bytes are defined in 15.8.
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15.7.4.3 Relation between physical ADIP addresses on layer L0 and layer L1

There shall be a fixed relation between the PAAs on layer LO and layer L1. The PAAs on layer LO and
layer L1 located at the same radius (having the same distance in number of ADIP words from their
respective inner zone) shall have inverted bits AA20 to AA2 (see Figure 70).

In this way, the PAAs on layer L1 increase from the outside towards the inside of the disk, which is
in the tracking direction. Simultaneously the inverted address bits AA20..AA2 of PAA1 have the same
relation with the radius as the equivalent non-inverted bits on layer LO.

Layer number Sequence number Intra-RUB number

AAT, AAU=00,0L,10

PAA, dn layer LO AA23..AA21 =000 AA20..AA2 £ .
rom inner to outer

TSR ARS AA1, AA0 =00,01,10

PAA; dnlayer L1 AA23 .. AA21 =001 20 .. AA2 fror outer’to inner
_ |
Layer LD First address Last address
02 00 00h ... PAA, | . DAA
1 T 1 T 1 T 1
Inner zpne ! ! ! ! Outer zone
L AR L
3D FF FEh ... PAA,| OV .. FAA
Layer Lj1 Last address First address

Figure 70 — Illustration of PAA reldtion between layer L0 and layer L1

Mathematicallly, this can be expressed in the following way.

After adding [CO 00 01h to PAA,, all 24.bits are inverted resulting directly in the full corresppnding
address PAA;|on layer L1 as per Formula (49):

PAA, =PAA,+C00001h (49)

(The addition of 1 correetsfor the order of the intra-RUB numbers, while the addition of CO §0 00h
takes care of the correctlayer number.)

In this way, tHe lagt address of data zone 1 can be derived as Formula (50):

3D FF FEh=020000h+C00001h (50)

and the first address of data zone 1 is as per Formula (51):

FAA=LAA+C00001h (51)

15.7.5 ADIP error correction

The error-correction system is a nibble-based, (15,9,7) non-systematic Reed-Solomon (RS) code
defined over the finite field GF(24). The total number of nibbles in a code word is 15, the code words are
calculated from 9 information nibbles and the minimum distance of this code is 7.
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The non-zero elements of the finite field GF(24) are generated by a primitive element @, where «a is a root
of the primitive polynomial p(x) as per Formula (52):

px)=xt+x+1 (52)
The symbols of GF(24) are represented by nibbles (groups of 4 bits), using the polynomial base
representation, with (a3, a2, a, 1) as a basis. The root « is thus represented as a = 0010.

The code word, represented by the vector (c, c; .. c;3 ¢14), can be calculated from the information
symbols n; to ng with Formula (53):

C(x) zc xx14- ’—Zn xg') (x +n8><g (x) (53)

wherelg,(x) is the parent generator polynomial:

13 '
gy (x):H(x—a’ ); and

g (x) is a specific generator polynomial for each symbol n; (i ¥0)". 7).

g®D(x) |s derived from the parent generator polynomial gp(x) by removing one of the zerpes z; of g, (x)
and ndrmalizing the result such that g()(z)) = 1. The zero Z tobe removed is given by Forrhula | 54]

F ai+6 (54)
The gagnerator polynomials are then calculated as per Formula (55):

5(1)
()ng—(x) 5§
94 (x) B (55)

I.)(X):gp(X)

Bi=3"(z)-

Befordrecordingén the disk, all bits of the nibbles ¢q to ¢, shall be inverted.

;and

Q@

Becauge thescode is non-systematic, an additional calculation is needed to derive th¢ information
symbdlsfrem the corrected code word symbols after standard RS-decoding.

The information symbols n, to n, can be obtained by evaluating the corrected code word C(x) in the
zero corresponding to the information symbol, i.e. by calculating a syndrome as per Formula (56):

14
:C<(Xi+6 ):2(:14—1')( oI+ (56)
Jj=0

ni :S

i+6

ng is a systematic symbol and can be obtained from C(x) directly by copying symbol ¢,

NOTE Each information symbol n; corresponds to a zero in the parent generator polynomial g,(x). Figure 71
gives the corresponding zero factor for each information symbol (note that ng does not have a correspondmg Zero).
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If an informa
correspondin
Hamming disf

In other wordls, prior knowledge of informatigh-'Symbols can increase the Hamming distance

code. Becausdq

This phenomg
15.8 Disk in

15.8.1 Gene

The informat
frames of byt

Figure 72. Sey

fion symbol is known and its corresponding’zero extends the existing series of

Symbol Corresponding
zero factor
(x - a?)
(x-a')
(x - a®)
(x - a’)
(x - a®)
(x - a°)
T =%y
n, (x-a’)
n, (x-a®)
n, (x-a)
n, (x- a9
ng (x-a')
ng (x - a'?)
n, (x-a'?)

Figure 71 — Corresponding zero factor for each information symbol

b to (x - a9 .. (x - @®) .., the Hamming distance increases. For instance, if n, is knoy
ance becomes d = 8. If both ny and n; are’known, the Hamming distance becomes d -

the addresses in the ADIP increase linearly, such prior knowledge is present.

non can be used for additienal checking of the reliability of the decoding result.
formation in ADIR frame

ral

ion nibblés~from the auxiliary fields of 96 consecutive ADIP words are groups

eral'disk information (DI) aux frames can be grouped into a DI block. All disk infori

zeroes
vn, the
9, etc.

of the

d into

bs and carry several disk parameters. The nibbles are re-ordered into bytes accorgling to

nation

blocks shall h

hvethe same content.

80
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Byte
nur§r11ber b, b b b, b, b, b, b,
0 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 1 word 1 word 1 word 1 word 1 word 1 word 1 word 1
1 AX3 AX?2 AX1 AXO0 AX11 AX10 AX9 AX8
word 1 word 1 word 1 word 1 word 2 word 2 word 2 word 2
2 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word2 | word2 | word?2 word2 | word2 | word?2 word 2 | word 2
3 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 3 word 3 word 3 word 3 word 3 word 3 word 3 word 3
41 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95 | word/95)| word 95 || word 95
42 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
word 95 | word 95 | word 95 | word 95 | word 96 |\wotd 96 | word 96 || word 96
43 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word 96 | word 96 | word 96 | word 96 | word'96 | word 96 | word 96 || word 96

Figure 72 — ADIP aux frame byte ordering

15.8.2] Error protection for disk information aux frames

The D]jaux frames are protected by a long-distance RS error-correction code according to
such a|long-distance code is built up fromz248 bytes, 104 dummy bytes (not recorded or
added|to complete the long-distance DI'aux frame code words (see Figure 73). Bytes e, |

represent the dummy bytes (all set'to-FFh), bytes e;o, | .. €15, represent the disk infor
and byjtes p,y¢ |, - D247, rEpresentdtlie parity bytes.

DI block

13.7. Because
the disk) are
. €103, 1N 13.7
mation bytes,

D)Yaux frame | DI auxframe | DI aux frame DI aux frame | DI auy frame
N-1 0 1 N-1 0
< Dummy bytes: > (< 1 DI aux frame from disk:-———>

104 bytes added to each DI aux frame

96 ADIP words x 12 bits = 144 bytes

FFh

Disk information unit (112 bytes)

Parity

N

216

Long-distance error-correction code word

>|<— 32—

Figure 73 — Disk information structure and error-correction format
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15.8.3 Disk information data structure

15.8.3.1 General

A DI block can consist of a multiple of 144-byte aux DI frames (see Figure 73). If needed, additional
DI aux frames, up to a maximum total of 31 can be used. Each recording layer shall carry the same DI
blocks with the same DI aux frames.

The sequence of DI aux frames shall be repeated throughout the inner zones, starting with DI aux frame
0 from PAA 01 B8 00h on layer LO and from PAA 3E 00 00h on layer L1.

In protection zone 2 of layer LO (see Figure 84) and buffer zone/OPC1/buffer zone of layer L1 (see

Figure 85) th
contiguous w

The 112 disk
unit shall star

DI units can (
units that hav

Byte 2 in the
types of DI un

If the number
consecutive [}
continuation

Usage of DI uits for write strategy is given in 15.8.3.7.

b auxiliary bits can be set to ZERO or can contain DI aux frames (such that the sequ
th a DI aux frame 0 at the addresses specified above).

information bytes in each DI aux frame are called a disk information (DH unit. E
t with 8 bytes, forming the DI unit header (see 15.8.3.2).

e different definitions for their content, a unique identification efisiich DI units is n

DI unit header, the DI format number, shall be used for thigpurpose. With this by
its with different content can be distinguished.

[ units, in which case bit b, of byte 6 indicates that‘the next DI unit in the sequen
bf the actual one.

ence is

ach DI

ontain different sets of parameters, such as different write strategies. To distingfiish DI

beded.
fe, 256

of parameters of a single set do not fit in one DI unit; such a set shall be stored in multiple

ceisa

Whenever new DI aux frames are added, the existing ones can still be used if appropriate, and fn that
way backwarfls compatibility with existing drives.can be facilitated. Each drive should check all[DI aux
frames present on the disk and, based on the DIformat number (byte 2) and the indicated recprding
velocity (bytds 32 to 35), only use the ones that it is supporting (see also 15.8.3.7).
15.8.3.2 Gerneral definitions for DI unit
Each DI unit shall consist of a header;a body and a footer as shown in Figure 74.
Numbgr
Byte numbeér Content of bytds
0 t0/1 Disk-information identifier 2
2 DI-format number 1
3 Number of DI aux frames in each DI block (5 bits) 1
Number of the layer to which this DI unit applies (3 bits)
Header 4 Reserved 1
5 DI-unit sequence number in DI block 1
6 Continuation flag (1 bit) 1
Number of DI bytes in use in this DI unit (7 bits)
7 Reserved 1
Body 8 to 99 DI-unit content 92
100 to 105 [Disk-manufacturer ID 6
Footer 106 to 108 |Media-type ID 3
109to 110 |Time stamp 2
111 Product revision number 1

82

Figure 74 — General DI unit format
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Bytes

Byte 2:

NOTE

ISO/IEC 30190:2021(E)

0to1: Disk information identifier

These two bytes shall be set to 44 49h, representing the characters “DI’

DI format number

This byte shall identify the content of the DI unit or DI unit set (see descrip
For disks with BCA code the msb of this byte shall be set to ZERO.

For disks without BCA code the msb of this byte shall be set to ONE.

)

tion of byte 6).

The DI format number only defines the content of the DI unit and has no relation with the class number
and the version number as defined in byte 11.

To prefvent backwards compatibility problems of newer disks with older drives as much|

class

The Cl(
by legd
to the

If the 1
The ve

r}lllmber and a version number have been introduced.

iss number is incremented if a BD layer according to the new specifications)should n
Icy drives at all, neither for reading nor for writing (e.g. to prevent possible damage
Arive).

ead compatibility can be made to conform to an existing classylio'rnew class numbe

rsion number is incremented if the new specifications imply an extension/change

class nfumber update is needed (read compatibility is maintaified) and the new specificat

a writ
contai
the wi

b compatibility break. Although such a BD layer is carrying a higher version numl

ite strategy as defined in such DI unit.

Conse

uentry, drives should always check for the presence of a DI unit with a DI formatn

to the frive. In such cases, the recording parameters (such as e.g. recording velocities, rec
timing requirements) needed to set the related write strategy can be checked and if the
the capabilities of the drive, the drive should accept the disk for recording.

By usi
future

Each I
numbe

g the class number and the_version number as described above, backwards co

iyer type (defined by byftes 8 to 10) has its own independent DI format numbering.
r is also an indication for the write strategy type, which is specified in the DI unit.

disks can be maximized while still preventing possible damage to disks and driveg.

as possible, a

bt be accessed
to the disk or

r is needed.

for which no
ons results in
er, it still can

h a DI unit according to a previously defined DI format, if this layer can be recorded according to

imber known
prding power,
se are within

mpatibility of

The DI format
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Byte 3:

Bits b, to bs:

Bits b, to by:

Byte 4:

Byte 5:

84

Number of DI aux frames in each DI block/Number of the layer to which this DI

unit applies

this DI unit apply.

Reserved
This byte shall be set to 00h:

These 5 bits specify the number of DI aux frames N in each DI block (1 < N < 31).

These 3 bits specify the number of the recording layer to which the specifications in

Blemni berin-Blbloel

the actual DI block (0 sn<N-1).

This byte shall specify the sequential DI unit number within the DI block.

It shall be set to a number n, where n indicates the actual number of the -Dlunit

within

The sequence of DI units shall be ordered (see Figure 75) first agcording to incieasing
nominal recording velocity (byte 32 to 33), second within each sequence of Dfl units
with the same nominal recording velocity, according to ascending layer number (
and third according to the preference of the write strategy\(identified by the DI
number, but need not be in the sequence of DI format muimbers).

byte 3)
format

Sefjuence number | Recording velocity Layer nitmber Write strategy
0 0 Preferred WS
1 Alternative WS
: 1 Preferred WS
k-1 Alternative WS
k V1 Preferred WS
Alternative WS
: i1 Preferred WS
2k-1 Alternative WS
2k 0 Most preferred WS
vV, >V
k-1 Least preferred WS
V3>V, 0
N-1 etc. etc.

Figure 75 — Example of DI block sequence
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Byte 6: Continuation flag/Number of DI bytes in use in this DI unit

Bit bs: This bit specifies if the parameter set in this DI unit is continued in the next DI unit or
if the next DI unit is the start of a new set of parameters.

It shall be set to as follows:
ZERO if the next DI unit is the start of a new set of parameters; or

ONE if the parameter set in this DI unit is continued in the next DI unit (see Figure 76).

Bits bg to by:  These seven bits shall indicate the number of bytes in use in the actual DI unit up to the
last unused (reserved) bytes immediately preceding footer (see Figure 77).

Byte 2 =..
Byte 3 =N/ Layer LO
Byte 5 =n-1
Byte 6, bitb, =0 End of pre¢eding parametgr set
Byte 2 =x Startof actual parameter spt
Byte 3 =N/ Layer L1 ;
Byte5=n :
Byte 6, bit b, = 1 e
Byte 2 =x Q\)‘
Parameter set _ :
for layer L1 Ezi g ; 57V+/1Layer L1 5\0\\ Continuation of actual pargmeter set
4pans 3 DI units Byte 6, bitb. = 1 \(\@ .
\r\‘
Byte 2 =x
Byte3=N/ rL1
Byte 5 = n+ :
Byte 6'\IL ;=0 End of actual parameter st
Byte'2\=..
Byte3 = N / Layer LO
Byte 5 = n+3 Start of next parameter set
Byte 6, bitb, = ..
Figure 76 — Example of DI unit extension
Byte p O Reserved
Bytes 8 to 99: DI unit content

These 92 bytes shall store the specific content of the DI unit, for example, general
disk parameters, read/write powers and write strategy parameters.

Bytes 100 to 105: Disk manufacturer ID

The format and the content of these 6 bytes require agreement between the in-
terchange parties, else these bytes shall be set to all 00h.

Bytes 106 to 108: Media type ID

The format and the content of these 3 bytes require agreement between the in-
terchange parties, else these bytes shall be set to all 00h.

© ISO/IEC 2021 - All rights reserved 85


https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

Bytes 109 to 110: Time stamp

These 2 bytes provide information about the production date of the master disk
from which this disk has been replicated. All disks with the same disk manufac-
turer ID and the same media type ID, regardless of the time stamp, shall have the
same recording properties (only minor differences are allowed: the time stamp
shall be irrelevant for recorders).

Bits b, to b, of byte 109 plus bits b, to b, of byte 110 shall form one 12-bit binary number represent-
ing the year of production.

Bits bs to b of byte 110 shall form one 4-bit binary number representing the month of production.

If the time stamp is not used, both bytes shall be set 00h.

Byte 111: Product revision number

This byte shall identify the product revision number in binary petation. All disks
with the same disk manufacturer ID and the same media type.ID, regardless of
the product revision numbers, shall have the same recording propertief (only
minor differences are allowed: product revision numbers)shall be irrelevant for
recorders).

The content of this byte can be chosen freely py-the disk manufacturefr. This
document does not specify the format and the\content of this byte. It shall be
ignored in interchange.

15.8.3.3 Defjnitions for DI format 1 (N-1 write strategy)

The content of the body of DI units according to format 1 shall be as shown in Figure 77.

86 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

Byte number Content Number of
bytes

0to7 DI unit header 8
8to 10 BD layer-type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-pull polarity flag bits 1
15 Recorded-mark polarity flag bits 1
16 BCA descriptor 1
T7 MaxXimum transfer rate T
18 to 23 Reserved 6
24 to 31 Data-zone allocation 8
32to35 Recording velocities 4
36 to 39 Maximum dc read powers 4
40to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings 8
56 Typ Write multi-pulse duration 1
57 to 68 dT,,, first-write-pulse start time 12
69 to 92 Ty, first-write-pulse duration 24
93 to 94 T p last-pulse duration 2
95 to 97 dT; start time of space-level 3
98 to 99 Unused = all 00h 2
100to 111 DI unit footer 12

Figure 77 — Content of disk information for DI format 1

Bytes|0 to 1: Disk information identifier
See 15.8.3.2.
Byte 2: DI'format number
This byte shall be set to 01h for disks with BCA code.
This byte shall be set to 81h for disks without BCA code.
Byte 3: Number of DI aux frames in each DI block/Number of the layer to which this
DI unit applies
See 15.8.3.2.
Byte 4: Reserved
See 15.8.3.2.
Byte 5: DI unit sequence number in DI block
See 15.8.3.2.
Byte 6: Continuation flag/Number of DI bytes in use in this DI unit

This byte shall be set to 62h indicating that the first 98 bytes of the DI unit are used
and that there is no continuation in the next DI unit. All remaining bytes of the DI unit
body (excluding the bytes in the DI unit footer) are unused and shall be set to 00h.
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87


https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

Byte 7:

Bytes 8 to 10:

Byte 11:

Bits by, to bg:

Bitsbs tob

Bitsbs; to b

Byte 12:

Bitsb, tob

Bits b; to b

Byte 13:
Bitsb, tob

Bitsbstob

Byte 14:

Bitb;:

Byte 15:

88

Reserved
See 15.8.3.2.

BD layer type identifier

These 3 bytes identify the type of the BD layer to which this DI unit applies and shall
be set to 42 44 52h, representing the characters “BDR” in each recordable layer.

Disk size/Class/Version

These 2 bits specify the disk size. They shall be set to 00, indicating a 120 mm disk.

h -

=

These 2 bits specify the class number. The class number identifies BD layer
same layer type but with different basic specifications.

BD layers according to this document shall have these bits set to 00.

Drives that are not familiar with a particular class of layers sheuld not acc
data zone of such layers (neither for reading nor for writing);

These 4 bits specify the version number. They shall be sett0-0001, indicating
according to this document.

BD structure

These 4 bits specify the total number of BD recording/recorded layers on th
On SL disks they shall be set to 0001, indigating one recording layer.

On DL disks they shall be set to 0010,.indicating two recording layers.
These 4 bits specify the type of BD- Tecording/recorded layer to which this
applies.

Bits b; to b shall be set ta 0010, indicating a recordable recording layer.

Channel bit length
These 4 bits shall be set to 0000.

These 4 bits-specify the main data channel bit length, which shall be the s
all BD recerding layers.
They shall be set to as follows:

0001: indicating a channel bit length of 74,5 nm (25,0 GB per layer),

other settings: reserved.

of the

bss the

a layer

e disk.

DI unit

me on

Push-pull polarity flag bits

Each bit bi shall specify the polarity of the push-pull signal on recording layer
26.1). They shall be set to as follows:

ZERO: indicating that the push-pull polarity on layer Li is positive,
ONE: indicating that the push-pull polarity on layer Li is negative.
For recording layers that are not present, bit b; shall be set to ZERO.

Recorded mark polarity flag bits

Li (see
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Bitb;,: Each bit bi shall specify the polarity of the recorded marks on recording layer Li.
They shall be set to as follows:
ZERO: indicating a layer type on which recorded marks have a lower reflectivity
than the unrecorded layer (HTL disks),
ONE: indicating a layer type on which recorded marks have a higher reflectivity
than the unrecorded layer (LTH disks).
For recording layers that are not present, bit b; shall be set to ZERO.
Byte 16: BCA descriptor
Bits|b, to b,: These 4 bits shall be reserved.
Bits|b; to by: These 4 bits shall indicate the presence of a BCA code on this disk as[follows:
0000: indicates that there is no BCA code,
0001: indicates that BCA code is present,
other settings: reserved.
Byte 17: Maximum transfer rate
This byte specifies the maximum read transfer rate needed by the BDAP as a number
n such that:
n = maximum read transfer rate in Mbit/s (n < 255; M = 109),
n shall be set to 00h, indicating+ho maximum transfer rate is specified.
Bytes|18 to 23: Reserved
These bytes shall all be set to 00h.
Bytes|24 to 31: Data zone allocation
Bytes 24 to 27:  These bytes specify the first physical ADIP address of the data zone of the related layer.
In each Dlrunit relating to layer LO these bytes shall be set to 00 02 00 (Oh, indicating
PAA 131 072 as the first PAA of data zone 0.
In egach DI unit relating to layer L1 these bytes shall be set to a value FAA, which shall
Ive 00 26 B1 80h for a disk with a user data capacity of 25,0 GB per layer, indicating
FAA as the first PAA of data zone 1.
Byte¢s 28 to 81"  These bytes specify the last physical ADIP address of the data zone of the related layer.
In each DI unit relating to layer L0 these bytes shall be set to a value LAA, which shall
be 00 19 4E 7Eh for a disk with a user data capacity of 25,0 GB per layer, indicating
tAAas thetast PAA of datazome6-
In each DI unitrelating to layer L1 these bytes shall be set to 00 3D FF FEh, indicating
PAA 4 063 230 as the last PAA of data zone 1.
Bytes 32 to 35: Recording velocities
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Byte 32 to 33:

Byte 34:

These bytes specify the nominal recording velocity, to be used with the parameters
as defined in this DI unit, as a 2-byte binary number (byte 32 is MSB).

It shall specify the nominal recording velocity as a number n such that:
n=100xV, .,
n shall be equal to:
01 ECh to indicate a nominal recording velocity of 4,92 m/s; or

03 D7h to indicate a nominal recording velocity of 9,83 m/s.

This byte specifies the maximum recording velocity, to be used with the parameters

Byte 35:

Bytes 36 to 3

Byte 36:

Bytes 37 to

39:

as defined 1n this DI unit.

It shall specify the maximum recording velocity as a number n such that:
n=100xV_../ V,om (n 2100)

Here, n shall be equal to 64h to indicate a maximum recordingvelocity equal to the

nominal recording velocity.

This byte specifies the minimum recording velocity, to béaised with the paraneters

as defined in this DI unit).

It shall specify the minimum recording velocity as\a-number n such that:
n=100x Vi, / Vyom (n < 100)

Here, n shall be equal to 64h to indicate aaninimum recording velocity equal to the
nominal recording velocity.

om

Maximum dc read power

The maximum read power is defined as the maximum optical power on the e
surface of the disk, at whielZat least 10° successive reads can be applied

shall be greater than or:équal to the read powers defined in 30.6. By defatlt,
powers defined in 30.6 shall be used.

This byte shall.specify the maximum dc read power P, at the reference velogity, in

milliwatts, asta number n such that:
n =100 xP.

Theserbytes each shall specify the maximum dc read power P, at a read vglocity

conresponding to the nominal recording velocity, as defined in byte 32 and 33|of this
Pl unit, in milliwatts, as a number n such that:

n=100x P,

NOTE1 Forreading atlower velocities than the lowest specified velocity, a reduction of the read power can be
necessary to guarantee stability of the recordings on the disk.

90
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Bytes 40 to 43: Maximum HF-modulated read powers
The maximum read power is defined as the maximum optical power on the entrance
surface of the disk, at which at least 10 successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.3 shall
be greater than or equal to the read powers defined in 30.6. By default, the powers
defined in 30.6 shall be used.
Byte 40: This byte shall specify the maximum HF-modulated read power P, at the reference
velocity, in milliwatts, as a number n such that:
n=100x P,
Byt¢s 41to 43:  These bytes each shall specify the maximum HF-modulated read power P,, ataread
velocity corresponding to the nominal recording velocity as defined in byte 32 and
33 of this DI unit, in milliwatts, as a number n such that:
n=100x P,
NOTE 2 For reading at lower velocities than the lowest specified velocity, a reduction of the reald power can be
necessairy to guarantee stability of the recordings on the disk.
Bytes{44 to 47: Reserved
These bytes shall all be set to 00h.
Bytes48 to 55: Write power settings
Byte 48: Pyp: Piyp can be used as a starting value for the determination of Py}, in the OPC
procedure (see Annex G for detailed procedure).
This byte shall specify thelindicative value Pyyp of Py, e in milliwattk, as a number
n such that:
Byt¢ 49: myyp: myyp, canibe used as a starting value for the determination of Py f . in the OPC
procedure(see Annex G for detailed procedure).
This hyte shall specify the modulation at Pyyp, as determined by the media manu-
facturer, as a number n such that:
n=200 x mpyp
Byt¢ 50: p: This byte shall specify the write power multiplication factor p, uged in the OPC
algorithm (see Annex G for detailed procedure), as a number n such that:
n=100xp
Byt =51 EBW- This by testratt apcuify thewr iLc-biab/'WI iLc-pcdk POWET T atio TRW» used in the
OPC algorithm (see Annex G for detailed procedure), as a number n such that:
n =200 x gy
Byte 52: £c: This byte shall specify the cooling/write-peak power ratio &¢, used in the OPC
algorithm (see Annex G for detailed procedure), as a number n such that:
n=200x¢gc
Byte 53: &g: This byte shall specify the space/write-peak power ratio &g, used in the OPC

algorithm (see Annex G for detailed procedure), as a number n such that:
n=200 x &
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Byte 54:

Byte 55:

Byte 56:

Bytes 57 to 6

Bytes 57 tg

k: This byte shall specify the target value for k, used in the OPC procedure (see
Annex G for detailed procedure), as a number n such that:

n=20xk

B: This byte shall specify the target value for 8, used in the alternative OPC procedure
(see Annex G for detailed procedure), as a number n such that:

n=500x(£+0,2)

Typ write multi-pulse duration

This byte specifies the duration of the second and higher pulses of the multi-pulse train
of the N-1 write strategy, for recording marks (see Annex F for detailed defi;llition).

8:

60:

The multi-pulse duration, Ty;p, consists of two contributions: a variable'parf and a
fixed part (Typ = Typyar + Tvp fix)-

The first 4 bits (bits b, to b,) of this byte shall specify the variable\part, as a fraction
of the actual channel bit clock period, as an unsigned binary mimber p such fthat:

T
p=16x—"2¥  (0<p<15)
TW
The last 4 bits (bits b to b)) of this byte shall specify the fixed part as a fradtion of
Ty, where Ty =15,15nsat 1 x Vcor Ty = 7,58 nsiat 2 x V.. The value is expfressed
as an unsigned binary number g such that:

T
q=16x—"2M  (0<q<15)
Ty
dT,,p first write pulse start time

The first 5 bits (bits b, to bg);ef these bytes shall specify the start time of the first
pulse of the multi-pulse traiw, of the N-1 write strategy, for recording maris with
run lengths of 2T, 3T and 24T that succeed a space with a run length of 2T, 37T, 4T or
>5T (see Annex F fordetailed definition).

The first pulse start time, dT,,, is expressed as a fraction of the actual charnel bit
clock period as‘a signed two’s-complement binary number i such that:

475,

i=16x (—14<i<15)
w

Thelast 3 bits (bits b, to b)) of these bytes shall be reserved.

These bytes specify the start time of the first pulse of the multi-pulse train|for re-
cording marks with run lengths 24T that succeed a space with a run lengt:t of 2T,
3T, 4T or >5T, relative to the trailing edge of the first channel bit of the datq pulse

92

(positive values are leading, negative values are lagging, see Annex F for detailed
definition).

Byte 57 shall represent the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run lengths =5T.

Byte 58 shall represent the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run length of 4T.

Byte 59 shall represent the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run length of 3T.

Byte 60 shall represent the start time of the first pulse for recording marks with
run lengths 4T that succeed a space with a run length of 2T.
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These bytes specify the start time of the first pulse of the multi-pulse train for re-
cording marks with run length of 3T that succeed a space with a run length of 2T,
3T, 4T or =5T, relative to the trailing edge of the first channel bit of the data pulse
(positive values are leading, negative values are lagging, see Annex F for detailed
definition).

Byte 61 shall represent the start time of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length >5T.

Byte 62 shall represent the start time of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length of 4T.

Byte 63 shall represent the start time of the first pulse for recording marks with a

Byte¢s 65 to 68:

Bytes|69 to 92:

Byte f:

run length of 3T that succeed a space with a run length of 3T.

Byte 64 shall represent the start time of the first pulse for recording
run length of 3T that succeed a space with a run length of 2T,

These bytes specify the start time of the first pulse of themulti-pulse tr|
ing marks with run length of 2T that succeed a space with run length
or 25T, relative to the trailing edge of the first channel bit of the data g
values are leading, negative values are lagging, seéAnnex F for detail

Byte 65 shall represent the start time of thefirst pulse for recording
run length of 2T that succeed a space with atun length =5T.

Byte 66 shall represent the start time of the first pulse for recording
run length of 2T that succeed a spacewith a run length of 4T.

Byte 67 shall represent the start\time of the first pulse for recording
run length of 2T that succeedaspace with a run length of 3T.

Byte 68 shall represent thé'start time of the first pulse for recording
run length of 2T that sutceed a space with a run length of 2T.

Tiop first write pulse duration

These bytes specify the duration of the first pulse of the multi-pulse tr
write strategy, for recording marks with run lengths 2T, 3T and 241
a space with a run length of 2T, 3T, 4T or =T (see Annex F for detailec

Thefirst pulse duration, Ttop, consists of two contributions: a varia
fixed part (Ttopz Ttop,var + Ttop,fix)'

For each of the byte fields fto f+1, with f= 69, 71, ...91, the follow
defined:

The first 5 bits (bits b, to b3) of this byte shall specify the variable par
of the actual channel bit clock period, as an unsigned binary number

marks with a

hin for record-
sof 2T, 3T, 4T
ulse (positive
ed definition).

marks with a
marks with a

marks with a

marks with a

hin, of the N-1
' that succeed
definition).

ble part and a

ng values are

L, as a fraction
j such that:

Byte (f+1):

1
j=16x—2Y  (0< j<30)
\"%

The last 3 bits (bits b, to b)) of this byte shall be reserved.

The first 5 bits (bits b, to b3) of this byte shall specify the fixed part as a fraction of
Ty, where Ty =15,15nsat1 x V or Ty =758 ns at 2 x V_,.. The value is expressed

as an unsigned binary number k such that:

k=16x Ttop,fix

(0<k<30)
X
The last 3 bits (bits b, to b)) of this byte shall be reserved.
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Bytes 69 to 76:

These bytes specify the duration of the first pulse of the multi-pulse train

for re-

cording marks with run lengths 24T that succeed a space with a run length of 2T,

3T, 4T or 25T (see Annex F for a detailed definition).

Byte 69 and 70 shall represent the duration of the first pulse for recording
with run lengths 24T that succeed a space with a run length =5T.

Byte 71 and 72 shall represent the duration of the first pulse for recording
with run lengths >4T that succeed a space with a run length of 4T.

Byte 73 and 74 shall represent the duration of the first pulse for recording
with run lengths 24T that succeed a space with a run length of 3T.

marks

marks

marks

Bytes 77 tq 84:

Bytes 85 tg 92:

Bytes 93 to 94:

Rt Lo Al q_7L 1 11 ded=l pa | 4 £ 41 £ 4= 1 £, L
DyLlT 79 4dlltl 70U SIIdIT TTPTTSTIIU LT UUT AUIUITN UT LT TIT ST PJUIST TUT TTLUTULITS

with run lengths 24T that succeed a space with a run length of 2T.

These bytes specify the duration of the first pulse of the multi-pulseltrain

marks

for re-

cording marks with a run length of 3T that succeed a space with axun length of 2T,

3T, 4T or 25T (see Annex F for a detailed definition).

Byte 77 and 78 shall represent the duration of the first pulse-for recording
with a run length of 3T that succeed a space with a run léngth =5T.

Byte 79 and 80 shall represent the duration of the first'pulse for recording
with a run length of 3T that succeed a space with atin length of 4T.

Byte 81 and 82 shall represent the duration of €he first pulse for recording
with a run length of 3T that succeed a spacewith a run length of 3T.

Byte 83 and 84 shall represent the duration of the first pulse for recording
with a run length of 3T that succeed a space with a run length of 2T.

These bytes specify the durationcef'the first pulse of the multi-pulse train
cording marks with a run length“of 2T that succeed a space with a run len
2T, 3T, 4T or =5T (see Annexc for a detailed definition).

Byte 85 and 86 shall represent the duration of the first pulse for recording
with a run length of 2T that succeed a space with a run length >5T.

Byte 87 and 88 shall represent the duration of the first pulse for recording
with a run length-of 2T that succeed a space with a run length of 4T.

Byte 89 and90 shall represent the duration of the first pulse for recording
with a rumdength of 2T that succeed a space with a run length of 3T.

Byte:91 and 92 shall represent the duration of the first pulse for recording
withia run length of 2T that succeed a space with a run length of 2T.

T, p last pulse duration

marks
marks
marks

marks

for re-
bths of

marks
marks
marks

marks

94
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These bytes specify the last pulse length of the multi-pulse train, of the N-1 write
strategy, for recording marks with run lengths of 3T and 24T (see Annex F for a
detailed definition).

The last pulse duration T} p consists of two contributions: a variable partand a fixed
part (Tpp = Trpyar + Tipfix)-

The first 4 bits (bits b, to b,) of this byte shall specify the variable part, as a fraction

Byt

Byt

Bytes

Byt

Byt

Byt

Bytes

of the actual channel bit clock period, as an unsigned binary number
TLP var
s=16xX—— (0<s<15)
w

s such that:

p 03:

b 94

p O5:

2 96:

p 97

95 to 97:

The last 4 bits (bits b; to by) of this byte shall specify the fixed part 4
Ty, where Ty =15,15nsat1 x V or Ty =758 nsat 2 x V.. The yalu
as an unsigned binary number ¢ such that:

T 5
t=16x LP,fix

(0<t<15)

Ty
This byte shall specify the duration of the last pulse 6f the multi-puls
cording marks with run lengths 24T (see Annex\\for a detailed defir

This byte shall specify the duration of the 1ast pulse of the multi-puls
cording marks with a run length of 3T (see Annex F for a detailed de

dTg start time of space level

s a fraction of
b is expressed

e train for re-
lition).

e train for re-
inition).

The first 6 bits (bits b, to b,) ofthese bytes shall specify the start tinje of the space

level of the N-1 write strategy;succeeding the recording marks with
2T, 3T and 24T (positive valiiés are leading, negative values are laggin
for detailed definition),

un lengths of
B; see Annex F

The start time of théspace level, dTs, is expressed as a fraction of the gctual channel

bit clock period as,a signed two’s-complement binary number u such

dr.

u=16x—=
w

The last 2 bits (bits by to b)) of these bytes shall be reserved.

(—24<u<15)

that:

This’byte shall specify the start time of the space level, of the N-1 write strategy,

siicceeding the recording marks with run lengths 24T.

This byte shall specify the start time of the space level, of the N-1 Write strategy,

succeeding the recording marks with a run length of 3T.

This byte shall specify the start time of the space level, of the N-1 write strategy,

98 to 99:

succeeding the recording marks with a run length ot 2T.

Unused.

15.8.3.4 Definitions for DI format 2 (N/2 write strategy)

The content of the body of DI units according to format 2 shall be as shown in Figure 78.
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Byte number Content Number of
bytes
0Oto7 DI unit header 8
8to 10 BD layer-type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-pull polarity flag bits 1
15 Recorded-mark polarity flag bits 1
16 BCA descriptor 1
T7 Maximum transier rate T
14 to 23 Reserved 6
24 to0 31 Data-zone allocation 8
32to 35 Recording velocities 4
34 to 39 Maximum dc read powers 4
4( to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
44 to 55 Write-power settings 8
5¢ to 57 Typ Write multi-pulse duration 2
5§to 61 dT,,, first-write-pulse start time 4
67 to 69 T, first-write-pulse duration 8
7(to 73 T,p last-pulse duration 4
74to0 77 dT; start time of space-level 4
74 to 99 Unused = all 00h 22
100 to 111 DI unit footer 12
Figure 78 — Content of disk information for DI format 2
Bytes 0 to 1: Disk informationidentifier
See 15.8.3.2.
Byte 2: DI format number
This byte’shall be set to 02h for disks with BCA code.
Thisbyte shall be set to 82h for disks without BCA code.
Byte 3: Number of DI aux frames in each DI block/Number of the layer to whi¢h this
DI unit applies
See 15.6.5.2.
Byte 4: Reserved
See 15.8.3.2.
Byte 5: DI unit sequence number in DI block
See 15.8.3.2.
Byte 6: Continuation flag/Number of DI bytes in use in this DI unit
This byte shall be set to 4Eh indicating that the first 78 bytes of the DI unit are used
and that there is no continuation in the next DI unit. All remaining bytes of the DI unit
body (excluding the bytes in the DI unit footer) are unused and shall be set to 00h.
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Byte 7: Reserved
See 15.8.3.2.
Bytes 8 to 10: BD layer type identifier

These 3 bytes identify the type of the BD layer to which this DI unit applies and shall
be set to 42 44 52h, representing the characters “BDR” in each recordable layer.

Byte 11: Disk size/Class/Version
Bits b, to bg: These 2 bits specify the disk size. They shall be set to 00, indicating a 120 mm disk.
Bits|bs to by: These 2 bits specify the class number. The class number identifies,BD layers of the

same layer type but with different basic specifications.
BD layers according to this document shall have these bits set to 00.

Drives that are not familiar with a particular class of layers should hot access the
Data zone of such layers (neither for reading, nor for wkiting).

Bits|bs to b: These 4 bits specify the version number. They shall be set to 0001, indjicating a layer
according to this document.
Byte 12: BD structure
Bits|b, to b,: These 4 bits specify the total number{of BD recording/recorded layefs on the disk.

On SL disks they shall be set to 0001yindicating one recording layer.
On DL disks they shall be set £t0*0010, indicating two recording layers.
Bits|b; to by: These 4 bits specify the type of BD recording/recorded layer to whi¢h this DI unit
applies.
Bits b to b, shall be'set to 0010, indicating a recordable recording layer.

Byte 13: Channel bit length
Bits|b, to b,: These 4 hitsshall be set to 0000.
Bits|bs to by: These % bits specify the main data channel bit length, which shall bp the same on

all'BD recording layers.
They shall be set to as follows:
0001: indicating a channel bit length of 74,5 nm (25,0 GB per layer]};

other settings: reserved.

Byte 14: Push-pull polarity flag bits
Bitb;: Each bit bi shall specify the polarity of the push-pull signal on recording layer Li (see

26.1). They shall be set to as follows:
ZERO: indicating that the push-pull polarity on layer Li is positive;
ONE: indicating that the push-pull polarity on layer Li is negative.
For recording layers that are not present, bit b; shall be set to ZERO.

Byte 15: Recorded mark polarity flag bits
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Bit b;:

Byte 16:

Each bit bi shall specify the polarity of the recorded marks on recording layer Li.
They shall be set to as follows:

ZERO: indicating a layer type on which recorded marks have a lower reflectivity
than the unrecorded layer (HTL disks);

ONE: indicating a layer type on which recorded marks have a higher reflectivity
than the unrecorded layer (LTH disks).

For recording layers that are not present, bit b; shall be set to ZERO.

BCA descriptor

Bitsb, tob

L

Bitsb;tob

=

Byte 17:

Bytes 18 to 23:

Bytes 24 to 31:

Bytes 24 to 27:

Bytes 28 tg 31:

These 4 bits shall be reserved.

These 4 bits shall indicate the presence of a BCA code on this disk as followq:
0000: indicates that there is no BCA code;
0001: indicates that BCA code is present;

other settings: reserved.
Maximum transfer rate

This byte specifies the maximum read transfer rate needed by the BDAP as a nfumber
n such that n equals the maximum read transferrate in Mbit/s (n < 255; M 510°).

n shall be set to 00h, indicating no maximum transfer rate is specified.

Reserved
These bytes shall be set to all 00h-

Data zone allocation

These bytes specify the first physical ADIP address of the data zone of the relatef layer.

In each DI unit relatingto layer LO these bytes shall be set to 00 02 00 00h, indjcating
PAA 131 072 as thefirst PAA of data zone 0.

In each DI unit relating to layer L1 these bytes shall be set to a value FAA, whidh shall
be 00 26 B1.80h for a disk with a user data capacity of 25,0 GB per layer indjcating
FAA as the-first PAA of data zone 1.

Thesebytes specify the last physical ADIP address of the data zone of the relatefl layer.

[n-each DI unitrelating to layer L0 these bytes shall be set to a value LAA, whidh shall
be 00 19 4E 7Eh for a disk with a user data capacity of 25,0 GB per layer, indjcating
LAA as the last PAA of data zone 0.

Bytes 32 to 35:

98

In each Dl unitrelating to layer L1 these bytes shall be set to 00 3D FF Feh, indicating
PAA 4 063 230 as the last PAA of data zone 1.

Recording velocities
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These bytes specify the nominal recording velocity, to be used with the parameters
as defined in this DI unit, as a 2-byte binary number (byte 32 is MSB).

It shall specify the nominal recording velocity as a number n such that:
n=100xV, .,
n shall be equal to:
01 Ech to indicate a nominal recording velocity of 4,92 m/s; or

03 D7h to indicate a nominal recording velocity of 9,83 m/s.

This byte specifies the maximum recording velocity, to be used with the parameters

Byt¢ 35:

Bytes|36 to 39:

Bytg 36:

Bytés 37 to 39:;

as defined 1n this DI unit.
It shall specify the maximum recording velocity as a number n such that:
n=100xV ../ V,om (n2100)

Here, n shall be equal to 64h to indicate a maximum recording velocify equal to the
nominal recording velocity.

This byte specifies the minimum recording velogity,to be used with the parameters
as defined in this DI unit.

It shall specify the minimum recording velogity as a number n such that:
n=100xV .,/ Viom (n < 100)

Here, n shall be equal to 64h to indicate a minimum recording velocify equal to the
nominal recording velocity.

om

Maximum dc read powers

The maximum read powenrds defined as the maximum optical power, oh the entrance
surface of the disk, agwhich at least 10¢ successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in|15.8.3.4 shall
be greater than,orequal to the read powers defined in 30.6. By default, the powers
defined in 30:6-shall be used.

This byté.shall specify the maximum dc read power P, at the referer]ce velocity, in

milliwatts, as a number n such that:
R=100 x P,

These bytes each shall specify the maximum dc read power P, at aread velocity

corresponding to the nominal recording velocity as defined in byte 32and 33 of this
DI unit, in milliwatts, as a number n such that:

n=100x P,

NOTE 3  Forreading at lower velocities than the lowest specified velocity, a reduction of the read power can be
necessary to guarantee stability of the recordings on the disk.
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Bytes 40 to 43:

Byte 40:

Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power on the entrance
surface of the disk, at which at least 10 successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.4 shall
be greater than or equal to the read powers defined in 30.6. By default, the powers
defined in 30.6 shall be used.

This byte shall specify the maximum HF-modulated read power P, at the reference
velocity, in milliwatts, as a number n such that:

n=100x P,

Bytes 41 to

NOTE4  For

Bytes 44 to 4

Bytes 48 to 5

Byte 48:

Byte 49:

Byte 50:

7:

5:

Byte 51:

43:

These bytes each shall specify the maximum HF-modulated read power P atja read
velocity corresponding to the nominal recording velocity as defined incbyite B2 and
33 of this DI unit, in milliwatts, as a number n such that:

n=100x P,

reading at lower velocities than the lowest specified velocity, a reduction of the read powe can be
necessary to glilarantee stability of the recordings on the disk.

Reserved

These bytes shall be set to all 00h.
Write power settings

Pyyp. Piyp can be used as a starting value for the determination of Py, .. in the OPC

procedure (see Annex G for the detailed procedure).

This byte shall specify the indicative value Py, of P, in milliwatts, as a njumber

n such that:
n =20 x Pi\p

arget

myyp: myyp can be used as a starting value for the determination of Py, 4 in the OPC
procedure (see Annéx G for the detailed procedure).

This byte shall.specify the modulation at Py, as determined by the media|manu-
facturer, asa‘number n such that:

n =200 xm\p
p: This byte shall specify the write power multiplication factor p, used in the OPC
algorithm (see Annex G for the detailed procedure), as a number n such that}

n=100xp

Egus This byte shall specify the write-bias/write-peak power ratio Eguplised in the

Byte 52:

Byte 53:

100

OPC algorithm (see Annex G for the detailed procedure), as a number n such that:
n =200 x ey
£c: This byte shall specify the cooling/write-peak power ratio &¢, used in the OPC
algorithm (see Annex G for the detailed procedure), as a number n such that:
n=200x g
&g: This byte specifies the space/write-peak power ratio &g, used in the OPC algorithm
(see Annex G for the detailed procedure), as a number n such that:
n =200 x &g
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k: This byte shall specify the target value for k, used in the OPC procedure (see
Annex G for the detailed procedure), as a number n such that:

n=20xk

B: This byte shall specify the target value for 8, used in the alternative OPC procedure
(see Annex G for the detailed procedure), as a number n such that:

n=500x (f+0.2)
Typ write multi-pulse duration

These bytes specify the duration of the second and higher pulses of the multi-pulse

Byté¢ 56:

Byt¢ 57:

Bytes|58 to 61:

train, of the N/2 write strategy, for recording marks (see Annex Fdr the detailed
definition).

The multi-pulse duration Ty consists of two contributions:;a'variaple part and a
fixed part (Typ = Tmpyar + Tip fix)-

The first 5 bits (bits b, to b3) of this byte shall specify the variable part, expressed
as a fraction of the actual channel bit clock periodjas an unsigned bjnary number
p such that:

T,
MP,var
=16x———
P T,

w
The last 3 bits (bits b, to b)) of this bjfe shall be reserved.

(0<p<31)

The first 5 bits (bits b, to b3) of\these bytes specify the fixed part, gxpressed as a
fraction of Ty, where Ty = 1545mnsat1 x V_cor Ty = 7,58 ns at 2 x V_{.. The value is
expressed as an unsigned binary number g such that:

Ty o
g=16x"LX (0<g<31)
X

The last 3 bits (bits b, to b)) of this byte shall be reserved.

dT,

top firstWrite pulse start time

These bytes specify the start time of the first pulse of the multi-pulde train, of the
N/2 write strategy, for recording marks with run lengths of 2T, 3T, [4T, 6T, 8T], and
[5T, 7T, 9T] (positive values are leading, negative values are lagging, see Annex F

for'a detailed definition).

The first pulse start time, thOp, is expressed as a fraction of the actyal channel bit
clock period as a signed two’s- complement binary number i such thgt:
dT.

. t
i=16x—2P
T

(-16<i<15)

Byte 58:

Byte 59:

W

The last 3 bits (bits b, to b)) of these bytes shall be reserved.

The first 5 bits (bits b, to b3) of this byte shall specify the start time of the first
pulse of the multi-pulse train for recording marks with run lengths of [5T, 7T, 9T]
relative to the trailing edge of the first channel bit of the data pulse (positive values
are leading, negative values are lagging, see Annex F for a detailed definition).

The first 5 bits (bits b, to b3) of this byte shall specify the start time of the first
pulse of the multi-pulse train for recording marks with run lengths of [4T, 6T, 8T]
relative to the trailing edge of the first channel bit of the data pulse (positive values
are leading, negative values are lagging; see Annex F for a detailed definition).
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Byte 60:

Byte 61:

Bytes 62 to 69:

The first 5 bits (bits b, to b3) of this byte shall specify the start time of the first pulse
of the multi-pulse train for recording marks with a run length of 3T relative to the
trailing edge of the first channel bit of the data pulse (positive values are leading,
negative values are lagging; see Annex F for a detailed definition).

The first 5 bits (bits b, to b3) of this byte shall specify the start time of the first pulse
of the multi-pulse train for recording marks with a run length of 2T relative to the
trailing edge of the first channel bit of the data pulse (positive values are leading,
negative values are lagging; see Annex F for a detailed definition).

Tiop first write pulse duration

Byte f:

Byte (f+1):

Bytes 62 to 63:

Bytes 64 tq 65:

These bytes specify the duration of the Tirst pulse of the multi-pulse train] of the
N/2 write strategy, for recording marks with run lengths of 2T, 3T, [4T, 6T, §T] and
[5T, 7T, 9T] (see Annex F for a detailed definition).

The first pulse duration Ty, consists of two contributions: a variable part and a
fixed part (Ttop = Ttop,var + Ttop,fix)'

For each of the byte fields fto f+1, with f= 62, 64, 66 and 68,-the following[values
are defined:

The first 6 bits (bits b, to b,) of this byte shall representthe variable part, expressed
as a fraction of the actual channel bit clock peripd; as an unsigned binary number
j such that:

Ttop,var

j=lex—— (0<j<46)
TW
The last 2 bits (bits b; to b,) of this byte shall be reserved.

The first 6 bits (bits b, to b,) of this byte shall represent the fixed part, as a fraction
of Ty where Ty = 15,15 ns at L)XV, cor Ty = 7,58 ns at 2 x V. The value is expressed
as an unsigned binary number k such that:

k=16x Ttop,fix

(0sk<46)
X
The last 2 bits (bits b; to b,) of this byte shall be reserved.

These bytes shall specify the duration of the first pulse of the multi-pulse tfain, of
the N/2(write strategy, for recording marks with run lengths of [5T, 7T, 9T] (see
AnnexFfor a detailed definition).

These bytes shall specify the duration of the first pulse of the multi-pulse tfain, of
the N/2 write strategy, for recording marks with run lengths of [4T, 6T, 8T] (see
Annex F for a detailed definition).

Bytes 66 to 67:

Bytes 68 to 69:

102

These bytes shall specify the duration of the first pulse of the multi-pulse train, of
the N/2 write strategy, for recording marks with a run length of 3T (see Annex F
for a detailed definition).

These bytes shall specify the duration of the first pulse of the multi-pulse train, of
the N/2 write strategy, for recording marks with a run length of 2T (see Annex F
for a detailed definition).
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Bytes 70 to 73: T\ p last pulse duration

These bytes specify the last pulse length of the multi-pulse train, of the N/2 write
strategy, for recording marks with run lengths of [4T, 6T, 8T], and [5T, 7T, 9T]; (see
Annex F for a detailed definition).

The last pulse duration T} p consists of two contributions: a variable partand a fixed
part (Tpp = Trpyar + TLpfix)-
For each of the byte fields fto f+1, with f= 70, 72, the following values are defined.

Byte f: The first 5 bits (bits b, to b3) of this byte shall represent the variable part, expressed

as a fraction of the actual channel bit clock period, as an unsigned binary number

Byte (f+1):

Bytes 70 to 71:

Bytes 72 to 73:

Bytes|74 to 77:

s such that:
T,

LP
s=16x—a

T,
w
The last 3 bits (bits b, to b)) of this byte shall be reseryed.

(0<s<31)

The first 5 bits (bits by, to bs) of this byte shall represent the fixed par
of Ty, where Ty =15,15nsat1 x V,_cor Ty = 7,58 nSat2 x V. The valu|
as an unsigned binary number ¢ such that:

T o e
t=16x LP fix

(0<t<31)
X
The last 3 bits (bits b, to b,) of thisbyte shall be reserved.

These bytes shall specify the, duration of the last pulse of the multi-
the N/2 write strategy, for recording marks with run lengths of [5’
Annex F for a detailed definition)

These bytes shall speeify the duration of the last pulse of the multi-
the N/2 write strategy, for recording marks with run lengths of [4]
Annex F for a detailed definition).

dTg starttime of space level

The first 6 bits (bits b, to b,) of these bytes shall specify the start tin
level;.of the N/2 write strategy, succeeding the recording marks wit
of 27T, 3T, [4T, 6T, 8T] and [5T, 7T, 9T] (positive values are leading, n
are lagging, see Annex F for a detailed definition).

The start time of the space level dT is expressed as a fraction of the ¢
bit clock period as a signed two’s-complement binary number u such

dT,
u=16x_—— (-31<u<15)

[, as a fraction
e is expressed

bulse train, of
[, 7T, 9T] (see

bulse train, of
[, 6T, 8T] (see

e of the space
h run lengths
poative values

ctual channel
that:

W
The last 2 bits (bits by to by) of these bytes shall be reserved.

Byte 74: This byte shall specify the start time of the space level of the N/2 write strategy
succeeding the recording marks with run lengths of [5T, 7T, 9T].
Byte 75: This byte shall specify the start time of the space level of the N/2 write strategy

succeeding the recording marks with run lengths of [4T, 6T, 8T].
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Byte 76:

Byte 77:

Bytes 78 to 99:

This byte shall specify the start time of the space level of the N/2 write strategy
succeeding the recording marks with a run length of 3T.

This byte shall specify the start time of the space level of the N/2 write strategy
succeeding the recording marks with a run length of 2T.

Unused.

15.8.3.5 Definition for DI format 3 (Castle write strategy)

The content of the body of DI units according to format 3 shall be as shown in Figure 79.

Bytelnumber Content Number of
bytes

(Jto7 DI unit header 8
8lto 10 BD layer-type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-pull polarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BCA descriptor 1
17 Maximum transfer rate 1
14 to 23 Reserved 6
24to0 31 Data-zone allocation 8
37to 35 Recording velocities 4
34 to 39 Maximum dc read powers 4
4( to 43 Maximum HF-modulated ¢ead powers 4
44 to 46 Reserved 3
47 to 55 Write-power settings 9
5¢to 58 dT. cooling-levelistart time 3
59 to 67 dT,,, start timewof T, level 9
64to 76 T,,, level duration 9
77 T, p lastspulse-level duration 1
74 to 80 dTgstart time of space-level 3

81 to 99 Unused = all 00h 19
100 to 111 DI unit footer 12

Figure 79 — Content of disk information for DI format 3
Bytes 0 to 1: Disk information identifier

Byte 2:

Byte 3:

104

See 15.8.3.2.

DI format number
This byte shall be set to 03h for disks with BCA code.
This byte shall be set to 83h for disks without BCA code.

Number of DI aux frames in each DI block/Number of the layer to which this
DI unit applies

See 15.8.3.2.
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Byte 4: Reserved.
See 15.8.3.2.
Byte 5: DI unit sequence number in DI block
See 15.8.3.2.
Byte 6: Continuation flag / Number of DI bytes in use in this DI unit
This byte shall be set to 51h indicating that the first 81 bytes of the DI unit are used
and that there is no continuation in the next DI unit. All remaining bytes of the DI unit
body (excluding the bytes in the DI-unit footer) are unused and shall be set to 00h.
Byte 7: Reserved
See 15.8.3.2.
Bytes|8 to 10: BD layer type identifier
These 3 bytes identify the type of the BD layer to which’this DI unit applies and shall
be set to 42 44 52h, representing the characters “BDR” in each recor¢lable layer.
Byte 11: Disk size/Class/Version
Bits|b, to bg: These 2 bits specify the disk size. They shall'be set to 00, indicating a|120 mm disk.
Bits|bz to by: These 2 bits specify the class numher.“The class number identifies BD layers of the
same layer type but with differenf basic specifications.
BD layers according to this dectiment shall have these bits set to 00.
Drives that are not familiatwith a particular class of layers should pot access the
Data zone of such layers (neither for reading, nor for writing).
Bits|b; to by: These 4 bits specifythe version number. They shall be set to 0001, indjicating a layer
according to this@document.
Byte 12: BD structure
Bits|b, to b,: These 4'bits specify the total number of BD recording/recorded layefs on the disk.
OnrSI:disks they shall be set to 0001, indicating one recording layer.
On' DL disks they shall be set to 0010, indicating two recording layers.
Bits|b; to b These 4 bits specify the type of BD recording/recorded layer to whi¢h this DI unit
applies.
On disks bits b5 to b, shall be set to 0010, indicating a recordable reqording layer.
Byte 13: Channel bit length
Bits b, to by: These 4 bits shall be set to 0000.
Bits b; to by: These 4 bits specify the main data channel bit length, which shall be the same on
all BD recording layers.
They shall be set to as follows:
0001: indicating a channel bit length of 74,5 nm (25,0 GB per layer);
other settings: reserved.
Byte 14: Push-pull polarity flag bits
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Bitb;:

Byte 15:

Bitb;:

Each bit b; shall specify the polarity of the push-pull signal on recording layer Li (see
26.1). They shall be set to as follows:

ZERO: indicating that the push-pull polarity on layer Li is positive;
ONE: indicating that the push-pull polarity on layer Li is negative.
For recording layers that are not present, bit b; shall be set to ZERO.

Recorded mark polarity flag bits

Each bit b; shall specify the polarity of recorded marks on recording layer Li.

Thev shall he set to as follows:

Byte 16:
Bits by to bj:

Bitsbstob

=

Byte 17:

Bytes 18 to 23:

Bytes 24 to 31:

Bytes 24 tq 27:

ZERO: indicating a layer type on which recorded marks have a lower reflectivity
than the unrecorded layer (HTL disks);

ONE: indicating a layer type on which recorded marks have a higher reflectivity
than the unrecorded layer (LTH disks).

For recording layers that are not present, bit b; shall be setto ZERO.
BCA descriptor
These 4 bits shall be reserved.

These 4 bits shall indicate the presence of a BCA-code on this disk as followsg:
0000: indicates that there is no BCA cods;
0001: indicates that BCA code is present;

other settings, reserved.

Maximum transfer rate

This byte specifies the maxithum read transfer rate needed by the BDAP as a njumber
n such that n equals the maximum read transfer rate in Mbit/s (n < 255; M 5106).

n shall be set to 00hindicating no maximum transfer rate is specified.

Reserved
These bytes 'shall be set to all 00h.

Data zone allocation

These bytes specify the first physical ADIP address of the data zone of the relatefl layer.

In each DI unit relating to layer LO these bytes shall be set to 00 02 00 00h, indjcating
PAA 131 072 as the first PAA of data zone 0.

Bytes 28 to 31:

Bytes 32 to 35:

106

In each DI unitrelating to layer L1 these bytes shall be set to a value FAA, which shall
be 00 26 B1 80h for a disk with a user data capacity of 25,0 GB per layer, indicating
FAA as the first PAA of data zone 1.

These bytes specify the last physical ADIP address of the data zone of the related layer.

In each DI unitrelating to layer LO these bytes shall be set to a value LAA, which shall
be 00 19 4E 7Eh for a disk with a user data capacity of 25,0 GB per layer, indicating
LAA as the last PAA of data zone 0.

In each DI unitrelating to layer L1 these bytes shall be set to 00 3D FF fEh, indicating
PAA 4 063 230 as the last PAA of data zone 1.

Recording velocities
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These bytes specify the nominal recording velocity, to be used with the parameters
as defined in this DI unit, as a 2-byte binary number (byte 32 is MSB).

It shall specify the nominal recording velocity as a number n such that:

n=100xV, .,
n shall be equal to:

01 eCh to indicate a nominal recording velocity of 9,83 m/s;

03 D7h to indicate a nominal recording velocity of 19,68 m/s; or

0B 86h to indicate a nominal recording velocity of 29,50 m/s.

This byte specifies the maximum recording velocity, to be used with t]lle parameters

hat:

y equal to the

hat:

y equal to the

n the entrance
plied without
15.8.3.5 shall

ce velocity, in

read velocity
and 33 of this

Byte 34:
as defined in this DI unit.
[t shall specify the maximum recording velocity as a numbersn'Such {
n=100xV_../ V,om (n2100)
Here n shall be equal to 64h to indicate a maximumreeording velocit
nominal recording velocity.
Byte 35: This byte specifies the minimum recording velocity, to be used with the parameters
as defined in this DI unit).
It shall specify the minimum recording velocity as a number n such t
n=100x Vi, / Vyom (n <100)
Here n shall be equal to 64h to indicate a minimum recording velocit
nominal recording velocity.
Bytes(36 to 39: Maximum dc read powers
The maximum read pewer is defined as the maximum optical power o
surface of the disk;-at which at least 10¢ successive reads can be ap
degrading the réecorded signals (see 30.6). Maximum read powers in
be greater than or equal to the read powers defined in 30.6. By default, the powers
defined i’ 30.6 shall be used.
Byt¢ 36: Thisbyte shall specify the maximum dc read power P, at the referen
milliwatts, as a number n such that:
n=100x P,
Bytes 37 to 89 These bytes each shall specify the maximum dc read power P, at a
corresponding to the nominal recording velocity as defined in byte 32
DI unit, in milliwatts, as a number n such that:
m=106~=F;
NOTES5  Forreading at lower velocities than the lowest specified velocity, a reduction of the read power can be

necessary to guarantee stability of the recordings on the disk.
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Bytes 40 to 43:

Byte 40:

Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power on the entrance
surface of the disk, at which at least 10 successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.5 shall
be greater than or equal to the read powers defined in 30.6. By default, the powers
defined in 30.6 shall be used.

This byte shall specify the maximum HF-modulated read power P, at the reference
velocity, in milliwatts, as a number n such that:

n=100x P,

Bytes 41 to

NOTE6  For

Bytes 44 to 4

Bytes 47 to 5

Byte 47 to 1

Byte 49:

Byte 50:

6:

5:

43:

These bytes each shall specify the maximum HF-modulated read power P atja read
velocity corresponding to the nominal recording velocity as defined incbyite B2 and
33 of this DI unit, in milliwatts, as a number n such that:

n=100x P,

reading at lower velocities than the lowest specified velocity, a reduction of the read powe can be
necessary to glilarantee stability of the recordings on the disk.

Reserved
These bytes shall be set to all 00h.

Write power settings

Pi\p: Pinp can be used as a starting value for the determination of P
procedure (see Annex G for the detailed procedure).

in the OPC

targe

These bytes shall specify the indjcative value Py of P in milliwatts, as p num-

target’
ber n such that:

n =20 x Pi\p
Bit b, of Byte 47 is msb<and bit b, of Byte 48 is Isb.
myyp: myyp can beused as a starting value for the determination of Py, o in the OPC
procedure (see Annex G for the detailed procedure).

This byte shall specify the modulation at Py, as determined by the medialmanu-
factureras-a number n such that:

n =200 x my\p
p:_This byte shall specify the write power multiplication factor p, used in the OPC
algorithm (see Annex G for the detailed procedure), as a number n such that}

n=100xp

Byte 51:

Byte 52:

Byte 53:

108

&y This byte shall specify the middle/write-peak power ratio €, used in the OPC
algorithm (see Annex G for detailed procedure), as a number n such that:

n =200 x gy
£c: This byte shall specify the cooling/write-peak power ratio &¢, used in the OPC
algorithm (see Annex G for the detailed procedure), as a number n such that:
n=200x¢gc
&g: This byte shall specify the space/write-peak power ratio &g, used in the OPC
algorithm (see Annex G for the detailed procedure), as a number n such that:
n =200 x &g
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Byte 54: k: This byte shall specify the target value for k, used in the OPC procedure (see
Annex G for the detailed procedure), as a number n such that:
n=20xk
Byte 55: B: This byte shall specify the target value for 8, used in the alternative OPC procedure
(see Annex G for the detailed procedure), as a number n such that:
n=500x(£+0,2)
Bytes 56 to 58: dT cooling level start time
These bytes specify the cooling level start time for writing pulse, of the Castle write
Strategy, for recording marks with run lengths of 31, 41 and =51 [s4e Annex F for
a detailed definition).
The first 6 bits (bits b, to b,) of these bytes shall specify the starttimle as a fraction
of the actual channel bit clock period as a signed two's-complement biinary number
k such that:
dT
k=16x—< (-31<k<8)
TW
The last 2 bits (bits by to b,) of these bytes shall be reserved.
Byte 56: This byte shall specify the start time of thie cooling level of the writing pulse, of the
Castle write strategy, for recording marks with run lengths =5T.
Byt¢ 57: This byte shall specify the start time of the cooling level of the writing pulse, of the
Castle write strategy, for recording marks with a run length of 4T.
Byte 58: This byte shall specify thesstart time of the cooling level of the writing pulse, of the
Castle write strategy, for recording marks with a run length of 3T.
Bytes (59 to 67: dT,,, start time of Ty, level
The first 5 bits (bits b; to b3) of these bytes shall specify the start time of the T,
part of the writing pulse, of the Castle write strategy, for recording mfarks with run
lengths 2T, 3T and 24T that succeed a space with run lengths of 2T, 3T, or 24T (see
Annex F for detailed definition).
Thefirst pulse start time dT, is expressed as a fraction of the actyal channel bit
clock period as a signed two’s-complement binary number i such tha:
dT,
i=16x—2P  (-16<i<15)
TW
The last 3 bits (bits b, to b)) of these bytes shall be reserved.
Byt s59+to-61 These b_y tes apcuif_y the-starttinreofthefirst }Ju}bC of-the-murtt yulae train for re-
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cording marks with run lengths 24T that succeed a space with run lengths of 2T, 3T,
or 24T space, relative to the trailing edge of the first channel bit of the data pulse
(positive values are leading, negative values are lagging; see Annex F for a detailed
definition).

Byte 59 shall represent the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run length =4T.

Byte 60 shall represent the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run length of 3T.

Byte 61 shall represent the start time of the first pulse for recording marks with
run lengths 4T that succeed a space with a run length of 2T.
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Bytes 62 to 64:

These bytes specify the start time of the first pulse of the multi-pulse train for re-
cording marks of a run length of 3T that succeed a space with a run length of 2T, 3T
or 24T, relative to the trailing edge of the first channel bit of the data pulse (positive
values are leading, negative values are lagging; see Annex F for a detailed definition).

Byte 62 shall represent the start time of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length >4T.

Byte 63 shall represent the start time of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length of 3T.

Byte 64 shall represent the start time of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length of 2T.

Bytes 65 td

Bytes 68 to 7

Bytes 68 tg

67:

6:

70:

These bytes specify the start time of the first pulse of the multi-pulse) train for
recording marks with a run length of 2T that succeed a space with aun lepgth of
2T, 3T or 24T , relative to the trailing edge of the first channel bit ¢f'the data pulse
(positive values are leading, negative values are lagging; see Annéex F for a detailed
definition).

Byte 65 shall represent the start time of the first pulse for.recording marksfwith a
run length of 2T that succeed a space with a run length~4T.

Byte 66 shall represent the start time of the first pulse for recording marksfwith a
run length of 2T that succeed a space with a rundength of 3T.

Byte 67 shall represent the start time of the{irst pulse for recording marksfwith a
run length of 2T that succeed a space with@ run length of 2T.

Tiop level duration

These bytes specify the duration ofthe T;,, level of the write pulses, of the|Castle

write strategy, for recording marks with run lengths 2T, 3T and 24T that sficceed
a space with a run length of 2T°3T or 24T (see Annex F for a detailed definitfion).

The first 6 bits (bits b; to by) of these bytes shall specify the length of the T, }, level,
as a fraction of the actual channel bit clock period, as an unsigned binary number
j such that:

Ttop

j=16x

W
The last2'bits (bits b; to by) of these bytes shall be reserved.

Thesebytes specify the duration of the T, level of the write pulses for recording
marks of run lengths 4T that succeed a space with a run lengths of 2T, 3T jor 24T
(see Annex F for a detailed definition).

Byte 68 shall represent the duration of the first pulse for recording marks with run
]angfhc >4T that succeed-a space with a run ]nngfh 4T

110

Byte 69 shall represent the duration of the first pulse for recording marks with run
lengths 24T that succeed a space with a run length of 3T.

Byte 70 shall represent the duration of the first pulse for recording marks with run
lengths 24T that succeed a space with a run length of 2T.
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These bytes specify the duration of the first pulse of the multi-pulse train for record-
ing marks with a run length of 3T that succeed a space with a run lengths of 2T, 3T
or 24T (see Annex F for a detailed definition).

Byte 71 shall represent the duration of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length >4T.

Byte 72 shall represent the duration of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length of 3T.

Byte 73 shall represent the duration of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length of 2T.

Bytes 74 to 76:

Byte 77:

Bytes|78 to 80:

These bytes specify the duration of the first pulse of the multi-pulsg train for re-
cording of marks with a run length of 2T that succeed a space with 4 run length of
2T, 3T or 24T (see Annex F for a detailed definition).

Byte 74 shall represent the duration of the first pulse fonrec¢ording/marks with a
run length of 2T that succeed a space with a run length-=4T.

Byte 75 shall represent the duration of the first pulse-for recording|marks with a
run length of 2T that succeed a space with a rundength of 3T.

Byte 76 shall represent the duration of the first'pulse for recording/marks with a
run length of 2T that succeed a space with.aZun length of 2T space.

T|p last pulse level duration

This byte specifies the last pulse leyel'length of the write pulses, of thle Castle write
strategy, for recording marks with run lengths 24T (see Annex F for a detailed
definition).
The first 5 bits (bits b, tohzJ)of this byte shall specify the length of T}, as a fraction
of the actual channel bit.clock period, as an unsigned binary number{s such that:

Tip
s=16x—— (0<5<31)
Tw
The last 3 bits,{bits b, to b)) of this byte shall be reserved.

dTg start time of space level

Theirst 6 bits (bits b, to b,) of this byte shall specify the start time of the space level,
of the Castle write strategy, succeeding the recording of marks with fun lengths of
2T, 3T and 24T (positive values are leading, negative values are lagging; see Annex F
for detailed definition).

The start time of the space level dT is expressed as a fraction of the gctual channel
bit clock period as a signed two’s-complement binary number u such|that:

dT

Byte 78:

Byte 79:

Byte 80:

Bytes 81 to 99:

u=16x—=
w
The last 2 bits (bits by to by) of these bytes shall be reserved.

(-31<u<15)

This byte shall specify the start time of the space level of the writing pulse, of the
Castle write strategy, succeeding the recording of marks with run lengths 24T.

This byte shall specify the start time of the space level of the writing pulse, of the
Castle write strategy, succeeding the recording of marks with a run length of 3T.

This byte shall specify the start time of the space level of the writing pulse, of the
Castle write strategy, succeeding the recording of marks with a run length of 2T.

Unused.
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15.8.3.6 Write strategy requirements

The write strategy requirements for disks according to this specification are shown in Figure 80.

i Write strat
Disk type Recorcpng rite strategy
velocity N-1 N/2 Castle
1x Mandatory Optional —
HTL 2X Optional? Optional? Optional
4x — — Mandatory
6X — — Mandatory
LTLL 1 N dat Oaats 1
LIlx LA 1'1auuau.u_y \JlJLlUllCll
2X Optional? Optional? Optional
4x — — Mandatory
6x — — Mandatory,

— Not allowed in this document.

2 At least one of the two write strategies shall be presentand they
shall be defined as most-preferred write strategy for compatibility
with 2x only devices.

Castle write strategy is allowed for 4x and 6x disks only.
See also Figure 5.

15.8.3.7 Usalge of DI units for write strategy

Figure 80 — Write strategy type requirements

By using the ¢oncept of multiple DI units, identified by their DI format number (byte 2), the BD gystem
facilitates the¢ (future) use of disks with, different recording velocities and with one, two of more
recording layers, while keeping backwards compatibility in the best possible way.

Generally, eafh different recording, velocity can need a different write strategy (different|set of
parameters), fhich write strategy.furthermore can depend on the applied technology.

Additionally, ¢ach recording layer can need a different set of values for the write strategy paramgters.
Examples of DI sequence for 2x disks, 4x disks and 6x disks

2x disks

So-called 2x flisks (applicable recording velocities shall be one time the reference velocity and two
times the reference velocity), can have one (SL disk) or two (DL disk) recording layer(s).

These disks shall contain at least 2 DI units for each recording layer, one containing the parameters for
1x recording velocity and the other containing the parameters for 2x recording velocity (see Figure 81).

Additional DI units, containing alternative write strategy parameter sets, may be added in order of
preference (see Figure 75).

In the DI unit defining the parameters for 1x recording velocity, bytes 32 to 35 are set as follows:
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Bytes 32 to 33: These bytes are set to 01 ECh to indicate a nominal recording velocity of 4,92 m/s;

Byte 34: This byte is set to 64h to indicate a maximum recording velocity equal to the
nominal recording velocity;

Byte 35: This byte is set to 64h to indicate a minimum recording velocity equal to the
nominal recording velocity.

In the DI unit defining the parameters for 2x recording velocity, byte 32 to 35 are set as follows:

Bytes 32 to 33: These bytes are set to 03 D7h to indicate a nominal recording velocity of 9,83 m/s;

Byte 3§: This byte is set to 64h to indicate a maximum recording velocity equal to the
nominal recording velocity;

vt

Byte 3 This byte is set to 64h to indicate a minimum recording velocity equal to the

nominal recording velocity.
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2x disk (DL) with
2x disk (SL) with 1x and 2x N-1 (Layer LO)
1x N-1 and 2x N/2 and
write strategy 1x N-1and 2x N/2 (Layer L1)
write strategy
Byte 2:DI-format number 1 Byte 2: DI-format number 1
Byte 3::# of DIs / L# 2/0 Byte 3: # of DIs / L# 4/0
Byte 4: --- 00h Byte 4: --- 00h
Byte 5: sequence # 0 Byte 5: sequence # 0
msb of byte 6: 0 msb of byte 6: Q
Byte 32 tp 35: Velocity 1x Byte 32 to 35: Velocity 1x
Byte 36 tp 85: WS N-1 Byte 36 to 85: WS N-1
Byte 2: D|-format number 2 Byte 2: DI-format number 1
Byte 3::# of DIs / L# 2/0 Byte 3: # of DIs / L# 4/1
Byte 4: --} 00h Byte 4: --- 00h
Byte 5: sgquence # 1 Byte 5: sequence@ 1
msb of byte 6: 0 msb of byte 6; 0
Byte 32 tp 35: Velocity 2x Byte 32 to.85: Velocity 1x
Byte 36 tp 77: WS N/2 Byte 36 £0"85: WS N-1
Byte 2: DI-format number 1
Repeat
Byte 3: # of DIs / L# 4/(
Byte 4: --- 00h
Byte 5: sequence # 2
msb of byte 6: 0
Byte 32 to 35: Velocity 2x
Byte 36 to 85: WS N-1
Byte 2: DI-format number 2
Byte 3: # of DIs / L# 4/1
Byte 4: --- 00h
Byte 5: sequence # 3
msb of byte 6: 0
Byte 32 to 35: Vp]nrify 2X
Byte 36 to 77: WS N/2
Repeat

Figure 81 — Example of DI sequence for 2x disks

4x disks

Parameters in this document have been defined for so-called 4x disks (applicable recording velocities
shall be one time, two times and four times the reference velocity), which can have one (SL disk) or
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two (DL disk) recording layer(s) (see Figure 82). Each recording layer shall fulfil the write strategy
requirements as indicated in Figure 80.

These disks shall contain at least 3 DI units for each recording layer, one containing the parameters
for 1x recording velocity, one containing the parameters for 2x recording velocity one containing
the parameters for 4x recording velocity. Additional DI units, containing alternative write strategy
parameter sets, may be added in order of preference (see Figure 75).

In the DI unit defining the 1x recording parameters, bytes 32 to 35 are set as follows:

Bytes 32 to 33: These bytes are set to 01 ECh to indicate a nominal recording velocity of 4,92 m/s;

Byte 3f: This byte is set to 64h to indicate a maximum recording velocity equal to the
nominal recording velocity;

vt

Byte 3 This byte is set to 64h to indicate a minimum recording-elocity equal to the

nominal recording velocity.

In the DI unit defining the 2x recording parameters for 2x recording velocity, bytes 32 tq 35 are set as
follows:

Bytes B2 to 33: These bytes are set to 03 D7h to indicate a nominal recording velocity of 9,83 m/s;

Byte 3@: This byte is set to 64h to indicate a maximum recording velocityf equal to the
nominal recording velocity;

Yl

Byte 3 This byte is set to 64h to indicate a minimum recording velocityf equal to the

nominal recording velocity.

In the DI unit defining the 4x recording parameters for 4x recording velocity, bytes 32 tq 35 are set as
follows:

Byte 3P to 33: These bytes are setto 07 BOh to indicate a nominal recording velocity of 19,68 m/s;

Byte 3@: This byte is set to 64h to indicate a maximum recording velocityf equal to the
nominal recording velocity;

Y1

Byte 3 This byte is set to 64h to indicate a minimum recording velocity equal to the

nominal recording velocity.
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4x disk (SL) with ) 4x disks (DL) with
1x N-1 and 2x N/2 X, 2x N-1 and 4x castle
(layer LO) and 1x N-1 and 2x N/2
and 4x castle
. and 4x castle (layer L1)
write strategy .
write strategy
Byte 2: DI-format number 1 Byte 2: DI-format number 1
Byte 3: :# of DIs / L# 3/0 Byte 3: # of DIs / L# 6/0
Byte 4: --- 00h Byte 4: --- 00h
Byte 5: sequence # 0 Byte 5: sequence # 0
msb of byte 6: 0 msb of byte 6: 0
Byte 32 to 35: Velocity 1x Byte 32 to 35: Velocity 1x
Byte g6-t6-85+ S N—t Brte36to-895 WS N—+
Byte £: DI-format number 2 Byte 2: DI-format number T
Byte B: :# of DIs / L# 3/0 Byte 3: # of DIs / L# 6//1
Byte §t: --- 00h Byte 4: --- 00h
Byte b: sequence # 1 Byte 5: sequence # 1
msb ¢f byte 6: 0 msb of byte 6: 0
Byte B2 to 35: Velocity 2x Byte 32 to 35: Velocity 1x
Byte 86 to 77: WS N/2 Byte 36 to 85: WS N-1
Byte £: DI-format number 3 Byte 2: DI-format duimber 1
Byte B: :# of DIs / L# 3/0 Byte 3: # of DIs¢/ Li# 6/0
Byte f: --- 00h Byte 4: --- 00h
Byte b: sequence # 2 Byte 5: sequénce # 2
msb ¢f byte 6: 0 msb of byte 6: 0
Byte B2 to 35: Velocity 4x Byte 32 to 35: Velocity 2x
Byte 86 to 80: WS Castle Byte.36 to 85: WS N-1
Repeat Byte 2: DI-format number 2
Byte 3: # of DIs / L# 6/1
Byte 4: --- 00h
Byte 5: sequence # 3
msb of byte 6: 0
Byte 32 to 35: Velocity 2x
Byte 36 to 77: WS N/2
Byte 2: DI-format number 3
Byte 3: # of DIs / L# 6/0
Byte 4: --- 00h
Byte 5: sequence # 4
msb of byte 6: 0
Byte 32 to 35: Velocity 4x
Byte 36 to 80: WS Castle
Byte 2: DI-format number 3
Byte 3: # of DIs / L# 6/1
Byte 4: --- 00h
Byte 5: sequence # 5
msb of byte 6: 0
Byte 32 to 35: Velocity 4x
Byte 36 to 80: WS Castle

Figure 82 — Example of DI sequence for 4x disks

6x disks

Parameters in this document have been defined for so-called 6x disks (applicable recording velocities
shall be one time, two times, four times and six times the reference velocity), which can have one (SL
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disk) or two (DL disk) recording layer(s) (see Figure 83). Each recording layer shall fulfil the write
strategy requirements as indicated in Figure 80.

These disks shall contain at least 4 DI units for each recording layer, one containing the parameters
for 1x recording velocity, one containing the parameters for 2x recording velocity, one containing the
parameters for 4x recording velocity and one containing the parameters for 6x recording velocity.
Additional DI units, containing alternative write strategy parameter sets, may be added in order of
preference (see Figure 75).

In the DI unit defining the 1x recording parameters for 1x recording velocity, bytes 32 to 35 are set as

follows:

Bytes B2 to 33: These bytes are set to 01 ECh to indicate a nominal recording velogity of 4,92 m/s;

Byte 3§: This byte is set to 64h to indicate a maximum recording velocityf equal to the
nominal recording velocity;

Byte 3p: This byte is set to 64h to indicate a minimum recording velocity equal to the
nominal recording velocity.

In the DI unit defining the 2x recording parameters for 2x recording\velocity, bytes 32 tq 35 are set as

follows:

Bytes B2 to 33: These bytes are set to 03 D7h to indicatea'nominal recording velocity of 9,83 m/s;

Byte 3@: This byte is set to 64h to indicaté.a@ maximum recording velocity equal to the
nominal recording velocity;

Byte 3p: This byte is set to 64h to jndicate a minimum recording velocity equal to the
nominal recording velocity.

In the DI unit defining the 4x recording patameters for 4x recording velocity, bytes 32 tq 35 are set as

follows:

Bytes B2 to 33: These bytes areset to 07 BOh to indicate a nominal recording velocity of 19,68 m/s;

Byte 3@: This byte“is set to 64h to indicate a maximum recording velocity equal to the
nominal recording velocity;

Byte 3p: This byte is set to 64h to indicate a minimum recording velocityf equal to the
nominal recording velocity.

In the DI unit defining the 6x recording parameters for 6x recording velocity, bytes 32 tq 35 are set as

follows:

Bytes B 0f 29,50 m/s;

Byte 34: This byte is set to 64h to indicate a maximum recording velocity equal to the
nominal recording velocity;

Byte 35: This byte is set to 64h to indicate a minimum recording velocity equal to the

nominal recording velocity.
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Figure 83 — Example of DI sequence for 6x disks
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16 General description of information zone

16.1 General

The information zone, which contains all information on the disk that is relevant for data interchange,
is located in the information area extending from dq to d;,. (see 10.8.1 and Figure 16).

The inner part of inner zone 0 (protection zone 1 + PIC) shall contain HFM groove which can carry
replicated information about the disk. The other parts of inner zone(s), data zone(s) and outer zone(s)
constitute the recordable area in which the information can be recorded on the wobbled groove(s).

16.2
For co

The in
zone 0

The d
contr
out an

16.3 |

The in
zone 0
inner 7

Data z
contai
0 and

inform

17 Le

The rq
zone(s
values

The ph
of eac}

The va

[formation zone on DL disks is divided in six parts:a lead-in zone (part of inner Z

sistency reasons, the sole recording layer on an SL disk is also called layer L0,

ormation zone on SL disks is divided in three parts: a lead-in zone (pant)of inner 7
and a lead-out zone (outer zone 0) (see Figure 84).

ta zone is intended for recording user data. The lead-in zone conftains replicated a
information and an area for disk and drive testing. The lead-6ut zone allows for
1 also contains control information.

Fformat of information zone on dual-layer disk

and an outer zone 0 on layer LO and an outer,zZene 1, a data zone 1 and a lead-out
one 1) on layer L1 (see Figure 84 and Figure.85).

pne 0 and data zone 1 are intended for.reeording user data. The lead-in zone and
h replicated and recordable control information and an area for disk and drive testi
uter zone 1 allow for a smooth runsny/run-out for their respective layer and also c
ation.

jyout of recordable area of information zone

cordable area of the information zone is constituted from parts of the inner zor
and the outer zene(s). The starting radii for the zones indicated in Figure 84 ar
of the centre of the first/last groove track in those zones.

ysical AD]B addresses (PAA) shown in Figure 84 are the first/last addresses in the
zone. Also; the numbers of physical clusters (RUBs) that can be recorded per zone

lues given in Figure 84 are for a disk capacity of 25,0 Gbytes or 50,0 Gbytes.

one 0), a data

hd recordable
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pne 0), a data
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lead-out zone
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ntain control
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sroove tracks
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. First PAA
Descrip- I;I’?arleclirrllal of zone Number
Layer LO tionp ra diusg : of phys.
(mm) L(?fS; cE)rﬁeA clusters
First transition area Ending radius 11,5 mm
Starting radius 11,5 mm
Clamping zone
Ending radius 16,5 mm
Starting radius 16,5 mm
Second transition area
F‘nr‘]ing radius 21 ’n mm
Starting wATE "
radius 21,0 WdePIteh™ gy
mm g
Protection 222 _,\Kb
zone 1
Embossed "A@c AUN =
HFM I =
(HFM )¢ D 8E COh
22,512 \\ 0 2720
] PIC (' LastAUN= | (x4KB)
5" |00 0D A3 FEh)
Protection 01 BA‘L 80h
23,252 :
zone 2 01 B7 FEh 2p4
Lead-in 0188 00h
INFO2 23,289 : |
(l_)art of 01 BB FEh 2b6
i 01 BC 00h
zone 0) 93329 _
l S\ oPco ’ 01DBFEL | 2048
Information| Information R
area 3 01 DC 00h
zone 0 23,647 :
l b TDMA 0 ’ 01 FRFER | 2048
Tracki i 01 FC 00h [
direction | Recordable INFO1 | 23,961 : 256
(webbled 01 FF FEh
groove) 02 00 00h
Data 24,000 : 381856
LAA
LAA + 2h
3 .
Lead-out INFO 34 58,000 : 2ks
zone LAA + 4 30h
/ LAA + 4 32h
Outer DCZ 0 58,017 : 512
zone 0 LAA + C 30h
Protection 58,049 LAA +.C 32h .
zone 3 :
Ending radius 58,5 mm
Rim area Starting radius 58,5 mm

Figure 84 — Layout of information zone on layer LO

The values given in Figure 85 are for a disk capacity of 50,0 Gbytes.
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. Last PAA
Nominal of zone
. ending ) Number
Layer L1 Detsigl;llp- radius First PAA | Of Phys.
(mm) of zone clusters
Ending radius “Wide pitch”
21,0 mm groove
Wobbled Protection| ., , :
groove zone 1 ’ 3E 94 00h
3E 93 FEh
paer | 22512 : 1408
3E 7E 00h
3E.7D FEh
22,740 : 2048
OPC1 3E 5E 00h
Buffer 23067 3E 5]_) FER
zone ) 3E 4é 00h 1408
Lead-out
( zor;e f 3E 47 FEh
parto 23,289 :
mnei.) INE@-2 3E 44 00h 256
zone
(’jl"_rack@ng 4 23329 3E 4? FEh
Information rection s\\)\,\ TDMA 1 3E 24 00h 2048
hrea 1
_ < 3E 23 FEh
Information Recog%ellbée %\ Reserved | 23,647 : 2048
zone (wobbled 4 3E 04 00h
1 groove)
3E 03 FEh
23,961 : 256
INFO 1 3E 00 00}
3D FF FEh
Data :
zone 1 24,000 : 381856
FAA?
FAA - 2h
INFO3/4 | 28000 1 od| 268
Outer FAA -4 32h
zone 1 DCZ 1 : 512
58,017 [pan = h
Protection 58,049 FAA —.C 32h|
zone 3 :
Starting radius 58,5 mm
2FAA = LAA 4 C0 00 01h (see 15.7.4.3)
Figure 85 — Layout of information zone on layer L1
Physical sector numbering
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A cluster contains 32 physical sectors, and each physical sector contains 2K data bytes. Although their
numbers are not included in the data recorded on the disk, each physical sector is associated with a
(virtual) physical sector number (PSN).

The PSNs increase by one for each successive physical sector in the tracking direction of the related
recording layer.

The PSN of the first physical sector of each physical cluster is a multiple of 32.
Bits PS3; to PS,; of the PSN shall be reserved.

Bits PS, to PS,, of the PSN shall be set to the layer number.

The first PSN fin the data zone 0 is 00 10 00 00h.
The last PSN in the data zone 0 is 8 x LAA + 15, which is 00 CA 73 FFh on a 25,0 GB and 50;0~GB disk.
The first PSN|in the data zone 1 is 8 x FAA, which is 01 35 8C 00h on a 50,0 GB disk.
The last PSN in the data zone 1 is 01 EF FF FFh.
Set to
layer number Physical sector number (PSN)
1
MSB l l l LSB
P P|P P P P P P P PP P
S SIS S S S S S S S|S S
3 212 2 2 1 1 7 5|4 0
7 6 5
In clust
neluster zgRo
=
Address-unit nutiber (AUN)
YYY YVY YYVYV VYV VY YYVYYVYYYY vw\illl
[T TR Tl 0 ol o7 Tolel T Tals
U U u|(U U|u
3 2|2 2 2 1 1
1 5le é 8 7 5|4 110
Set to
00,01,10
consecutively
YYVYVVY VYVYVY vvvil
A) |AlA AlA A
ol sl | A ALJal ||| (Al
3 110 716 5 8 4 2|1]0

Physical ADIP address  (PAA)

Figure 86 — Physical ADIP addresses derived from PSNs

These PSNs are converted to address unit numbers, which shall be recorded in the BIS columns of the
ECC clusters (see 13.9.2).

Finally, a physical ADIP address is derived from the PSN/AUN as defined in Figure 86. This PAA identifies
the location on the disk where the data shall be recorded.
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18 Inner zone

18.1 General

On layer LO, the innermost zone of the information zone is called the lead-in zone. On layer L1, the
innermost zone of the information zone is called the lead-out zone.

Inner zone 0 contains an embossed HFM area and a recordable area. Inner zone 1 contains an embossed
wobbled part and a recordable area (see Figure 87 and Figure 88).

In the embossed HFM area on layer L0, all grooves shall be encoded according to the format defined

in 15.5

On lay
be AUI

The a
AUN =

In pro
equal 1

The p1f

In the
variou

In the

be wolpbled as defined in 15.6.

The re
and to
inform

br LO this encoding shall start at a radius 22,29'(?1 mm, such that the AUN of the firs
N =00 0D 85 F4h.

ddressees shall be continuously increasing as described in 15.5.3:2, and sh
00 0D A3 FEh in the last 4K cluster at the outermost radius of the PI€)zone.

o the content in the PIC zone.
otection zone 1 is intended to protect against overwriting-of the PIC zone by BCA c

permanent information and control data (PIC) zo1ie(s), general information abou
s other information can be stored in the embossed\HFM groove.

recordable area and the wobbled groove aread)(protection zone 1 on layer L1), all g

cordable area of the inner zone(s) is used to execute OPC (optimum power contrd
store specific information about.the disk, such as disk management informatio
ation. Also, a zone has been reserved where drives can store their own specific inf
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t cluster shall

all end with

fection zone 1 of inner zone 0, the content of the data frames‘ean be set to all 00h or it can be

bde.
F the disk and

roove(s) shall

1) procedures
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brmation.
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Figure 87 — Inner zone 0 (lead-in zone)

Inner Description First PAA | Number of Purpose
zone 0 of zone | phys. clusters
Protection . . .
zone 1
Embossed PIC . . Permanent information
HFM and control data zone
Przosfl‘;tiz"“ 01 B4 80h 224
Reserved 8 | 01 B8 00h 32 Future extension
Reserved—7 01-B38-80k 32 Euture-extension
Reserved 6 01 B9 00h 32 Future extension
INFO 2 Reserved 5 01 B9 80h 32 Future extension
PAC 2 01 BA 0OOh 32 Physical-dccess control
) DMA 2 01 BA 80h 32 Diskmianagement
Recordable Control data2 | 01 BB 00h 32 Data information
l Buffer 2 01 BB 80h 32 ---
Tracking direcfion OPC 0 Test zone 01 BC 00h 2 044 OPC testing
OPC 0 buffer |01 DB FOh 4 buffer
TDMA 0 --- 01 DC 00h 27048 Temporary DM arej
Pre-write area | 01 FC 00h 32 Drive calibration
Drive area 01 FC 80h 32 Drive-specific informafion
Drive area 01 FD.O0OhK 32 Drive-specific informafion
INFO 1 Drive area 01 FP*'80h 32 Drive-specific information
Drive area 01°FE 00h 32 Drive-specific informafion
DMA 1 01 FE 80h 32 Disk management
Control data’l | 01 FF 00h 32 Data information
PAC1 01 FF 80h 32 Physical-access contfol
(Data zone 0) | 02 00 00h
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Inner Description | First PAA Number of Purpose
zone 1 of zone phys. clusters
(Data zone 1)
PAC1 3E 00 00h 32 Physical-access control
Controldata1 | 3E 00 80h 32 Data information
DMA1 3E 01 00h 32 Disk management
INFO 1 Dr%ve area | 3E0180h 32 Drive-specific information
Drivearea | 3E 02 00h 32 Drive-specific information
Drive area 3E 02 80h 32 Drive-specific information
Drivearea 3E0300h 32 Drive-specific iformation
Pre-write area | 3E 03 80h 32 Drive calibfation
Reserved --- 3E 04 00h 2048 Future-extdnsion
TDMA 1 --- 3E 24 00h 2048 Temporary DM area
\ Buffer 2 3E 44 00h 32
Regordable Control data 2 | 3E 44 80h 32 Data information
l DMA 2 3E 45 00h 32 Disk management
PAC 2 3E 45 80h 32 Physical-accegs control
INFO 2 Reserved 5 3E 46 00h 32 Future extgnsion
Reserved 6 | 3E 46 80h 32 Future extgnsion
Reserved 7 | 3E 47 00h 32 Future extgnsion
Tracking Reserved 8 | 3E 47 80h 32 Future extgnsion
difection [ Byffer 3E 48,00h 1408
OPC1 Test zone 3E.5E 00h 2048 OPC testiing
Buffer - 3E°7E 00h 1408 ---
Whbbled Protectiori\Q;
groove Zonex]O
Figure 88 — Inner zone 1 (lead-out zone)
18.2 Permanent information and control data (PIC) zone
18.2.1 General
The pgrmanent information and control data (PIC) zone is an embossed HFM area with ddta for various
purposes; such as disk information. If no specific PIC is supplied, all user data bytes (beforje scrambling)
shall ble sét to 00h. permanent information and control data (PIC) is only present on layer LO.

18.2.2 Content of PIC zone

The PIC zone shall consist of five repetitions of a PIC-info fragment, where each PIC-info fragment
consists of 544 PIC clusters (for a total of 2 720, see Figure 89). The PIC clusters shall be formatted as
described in 15.5.

The PIC-info fragments shall start on layer LO at AUNs: 00 0D 8E COh, 00 0D 93 00h, 00 OD 97 40h,
00 0D 9B 80h and 00 0D 9F COh
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The first PIC g
in the ADIP at
frame shall b
remaining by

The last 512 K
set (see 18.2.3

PIC-info fragment PIC-cluster AUN
number number on layer LO

0 00 0D 8E COh
1 00 0D 8E C2h
IF 0 2 00 0D 8E C4h
543 00 0D 92 FEh
0 00 0D 93 00h

[F1 : :
543 00 0D 97 3Eh
(0] 00 0D 97 40h

[F 2 : :
543 00 0D 9B 7Eh
0 00 0D 9B 80h

IF 3 : :
543 00 0D 9F BEh
0 00 0D 9F CQh

IF 4 : :
543 00 0D A3'FEh

Figure 89 — PIC zone

and Figure 90).

ytes of the first PIC cluster of each infe fragment shall contain the emergency bral

iBnylgeI (I:) (c)lsligt(()e? Content Number of bytes
Oto111 DI unit 0 112
112 to 223 DI unit 1 112
( : 112 x 28
3360:t0 3471 DI unit 30 112
3472 to 3583 Reserved 112
3584 to 4 095 EB data set 512

luster of each info fragment shall contain a copy«©f the disk information block as contained
[x frames (see 15.8.3 and Figure 90). Only the:first 112 bytes of each disk information aux
e included (excluding the 32 parity bytes).Ifless than 32 DI units are present, then the
fes up to byte 3 584 shall be set to 00h.

e data

Figure 90 — First PIC cluster of each info fragment

All other PIC clusters shall be reserved unless otherwise specified by the BDAP.

18.2.3 Emergency brake

As a protective measure, a data set is defined that can be used by specific drive models to recognize
disks that need special handling to prevent destructive malfunction.

This data is called emergency brake (EB) data.

EB data is specified in bytes 3 584 to 4 095 of the first PIC cluster of each info fragment. It consists
of an EB header, EB data field(s) and an EB footer. EB data fields shall be included only upon mutual
agreement, between the disk manufacturer and the drive manufacturer involved, that specific drives
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require special actions when handling such disks, e.g. to prevent damage to the disk or the drive. Up to
a maximum of 62 EB data fields may be applied.

The emergency brake data shall be implemented as shown in Figure 91.

Byte number Function Definition Nulr)nber of
ytes
3584 to 3585 Identifier 2
3586 EB Version 1
3587 Header Reserved 1
3588 List length 1
358910 3 591 Reserved 3
3592to0 3593 EB Drive-manufacturer ID 2
3594 to 3 595 Data field Drive model 2
3596 to 3 597 atal 1€ Firmware version 2
3598to 3 599 Drive actions 2
(3584+ix8)to(3584+ix8)+1 EB Drive-manufacturer ID 2
(3584 +ix8)+2to(3584+ix8)+3 | patafield Drive model 2
(3584 +ix8)+4to(3584+ix8)+5 i Firmware version 2
(3584+ix8)+6t0(3584+ix8)+7 | (1<i<N) Drive actions 2
[3584+Nx8)to(3584+Nx8)+1 EB Drive-manufacturer ID 2
(3]584 + N x 8) + 2 to (3 584 + N x 8) + 3 xPita field Drive model 2
(3]1584+Nx8)+4to(3584+Nx8)+5 N Firmware version 2
(3|584+Nx8)+6to(3584+Nx8)+7| (N<62) Drive actions 2
[3584 + (N+1) x 8] .
to [3 584 + (N-+1Jx 8] + 7 EB footer Terminator 8
[3584 + (N+2) x 8] to)4 095 Unused Reserved 512 -|N+2) x 8
Figure 91 — Definition of emergency brake data
Bytes (3 584 t0-3(585: EB identifier
These bytes shall be set to 45 42h, representing the characters “EB”.
Byte 586: EB version

This byte shall be set to 01h, representing version 1 of the emergency brake format.
Byte 3 587: reserved

This byte shall be set to 00h.
Byte 3 588: EB list length N

This byte shall represent the number of EB data fields.
This byte shall be set to 00h when no EB data fields are present.

Bytes 3 589 to 3 591: reserved
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These bytes shall be set to 00 00 00h.

Bytes (3 584

+ix8)to (3584 +ix8)+1(1<is N):drive manufacturer ID

The format and the content of these 2 bytes require agreement between the interchange parties,
else these bytes shall be set to all 00h.

Bytes (3 584

+ix8)+2to (3584 +ix8)+3(1<is<N):drive model number

These two bytes represent the drive model number and shall be defined by the drive manufacturer.
This document does not specify the format and the content of these bytes. It shall be ignored in
interchange.

Bytes (3 584

These
facture
ignore

Bytes (3 584

These

These Ipytes shall be defined by the drive manufacturer. This documeént does not specify the

and th¢
Bytes [3 584
These
Bytes [3 584

These
18.3 Record

18.3.1 Prote

This zone conpprising 224 physieal clusters starts at PAA 01 B4 80h and is intended to be a buffg

for the transif

18.3.2 INFO

+ix8)+4t0(3584+ix8)+5(1<isN):drive firmware version

[wo bytes represent the drive firmware version and shall be defined by the.'drive
r. This document does not specify the format and the content of thesg'bytes. It s
1 in interchange.

+ix8)+6to (3584 +ix8)+7(1<is<N):drive manufacturer.actions

f'wo bytes represent the actions to be performed by the drivé'model to handle thi
e content of these bytes. It shall be ignored in interchange.

+ (N+1) x 8] to [3 584 + (N+1) x 8] + 7 (0 < N < 62):EB terminator

bytes shall be set to FF FF FF FF FF FF FF FFhto indicate the end of the EB data.
+ (N+2) x 8] to 4 095 (0 < N = 62): reserved

)ytes are reserved.
lable area of inner zone 0

ction zone 2

ion from the embossed HFM area to the recordable area (see 15.4.4).

2 /Reserved 8

This zone co

"I

For disks witlh BCA code, this zone shall be left unrecorded unless otherwise specified by the BD

prisings32 physical clusters starts at PAA 01 B8 00h and is BDAP dependent.

manu-
hall be

s disk.
format

Ir zone

For disks without BCA code, this zone shall be recorded all 00h before being shipped.

18.3.3 INFO

2/Reserved 7

This zone comprising 32 physical clusters starts at PAA 01 B8 80h and shall be left unrecorded.

18.3.4 INFO

2 /Reserved 6

This zone comprising 32 physical clusters starts at PAA 01 B9 00h and is BDAP dependent.

For disks with BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.

For disks without BCA code, this zone shall be recorded all 00h before being shipped.
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INFO 2 /Reserved 5

This zone comprising 32 physical clusters starts at PAA 01 B9 80h and is BDAP dependent.

For disks with BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.

For disks without BCA code, this zone shall be recorded all 00h before being shipped.

18.3.6

INFO 2 /PAC 2

This zone comprising 32 physical clusters starts at PAA 01 BA 00h on layer LO and is intended to be
used for storing physical access control (PAC) clusters (see 21.2). Unused clusters in this zone shall be

left unfFecorded.

18.3.7

This z
manag

18.3.8

This z
layer [
disk is
18.3.9

This z

18.3.1

The te
and/ot1

18.3.1

18.3.1

The O
proceq
the fir

INFO 2/DMA 2

bne comprising 32 physical clusters starts at PAA 01 BA 80h and is intended for u

ement system. Until the disk is closed (see 22.6), these clusters shall.bg left unreco
INFO 2/Control data 2
ne comprising 32 physical clusters starts at PAA 01 BB 00hten layer LO and at PAA
1 and is intended to store control information. Unused clusters shall be left unreco
closed.
INFO 2 /Buffer 2
ne comprising 32 physical clusters starts at PAA 01 BB 80h and shall be left unrec
0OPC 0/Test zone
st zone comprising 2 044 physical clusters starts at PAA 01 BC 00h and is resery

OPC procedures. The OPC 0 area shall be used according to 18.3.11.
1Usage of OPC areas

1.1 OPC procedure order

PC areas shall be used consecutively in descending PAA order. The first area usg
ure ends at'the end of the last PAA. The last usable physical cluster of the OPC are
5t PAA of the OPC area (see Figure 92).

ke by the disk
ded.

3E 44 80h on
rded until the

brded.

ed for testing

bd for an OPC
b is located at
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Figure 92 — Direction of usage of OPC area of layer L0 and layer L1

18.3.11.2 OPC physical cluster usage

The length ofjone OPC procedure may be chosen\by the drive and is not restricted to an integer number
of physical clpisters (see Figure 93). The trdnsition between the used and unused OPC area shall be
indicated by 4n OPC marker. The distance/between any two consecutive OPC markers shall not gxceed
16 physical clpsters. In case an OPC procedure needs more than 16 physical clusters, OPC markers shall
be inserted tq fulfil this requirement:-The OPC marker shall have a length of at least 868 NWLs|(equal
to one AUN) and its modulation shall'be such that Ig,,/Igy = 0,30.

Cluster #|N - 2 ! Chuster # N -1 i Cluster # N Cluster # Pi Cluster# P+ 1 |

»'€ »'a
P4 >4
1 1

g
AN
AN

NN ¥

OPCar
5—“: ii ‘E Recording direction ,; ‘E
1 1 1 1 1 1 I
' o '© o o o '
T T T = < )
o o o e e} S
g5 * E ** E 3
507 2 5 ) <
¢} [\ [} = )
— — —
** ** **
< < <
+ +
N [y

NOTE OPC #M occupies exactly one cluster, OPC #M+1 exceeds one cluster, OPC #M+2 is smaller than one
cluster.

Figure 93 — Example of position of OPC markers
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18.3.11.3 OPC update in TDMA

Each OPC procedure shall be completed by updating the corresponding next available PSN of test zone
on layer Ln in the TDDS (see 22.4.4).

18.3.120PC 0/0PC 0 Buffer

This zone comprising 4 physical clusters starts at PAA 01 DB FOh and is intended as a buffer zone for
the transition from OPC 0 area to the TDMA 0 area and shall be left unrecorded.

18.3.13TDMA 0

This zpne comprising 2 048 physical clusters starts at PAA 01 DC 00h and is intended for use as a
tempofary DM area.

18.3.14INFO 1/Pre-write area

This zpne comprising 32 physical clusters starts at PAA 01 FC 00h and all'32 physical clysters shall be
recorded by the first drive that writes on layer LO and shall contain all Q0h.

Drives|that write the INFO 1/Pre-write area shall update pre-write-area flags of the TDD$ (see 22.4.4).
18.3.15INFO 1/Drive area

18.3.15.1 General

The uge of this zone, divided into four parts of 3% physical clusters each, starting at PAA 01 FC 80h, is
optionjl.

This zpne can be used by drives to store drive-specific information, restricted to be usgd only by the
drive that has created the information. To@uarantee that drives can allocate their own information, the
follow|ng format shall be used. These clusters in this zone shall be ignored in interchange.

18.3.15.2 Format of drive-specific information

Each drive-specific information shall be contained in one 2K data frame. The first 128 bytes of such a
data ffame shall contain a.signature of the drive that has created the related data fram¢, according to
the foljowing format:

— 4§ bytes for the\manufacturers name, represented by characters from the ISO 646 character set;
— 4§ bytesof additional identification, represented by characters from the ISO 646 chafacter set;

— 37 bytes for a unique serial number of the drive.

The format of the remaining 1 920 bytes of the data frame is not defined and can be chosen freely by
each drive designer.

The drive-specific information of the last 32 drives that have used this option shall be stored in the
newest recorded physical cluster. Each time a new drive is going to write its drive-specific information
in a new physical cluster, the oldest drive-specific information located in data frame 31 of the last
physical cluster is removed, the content of data frames 0 to 30 in the last physical cluster are copied
into data frames 1 to 31 in the new physical cluster and the new information is written in data frame 0
in the new physical cluster (see Figure 94). Initially, the physical cluster starting at PAA 01 FC 80h shall
be used to store the drive-specific information.
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Phys. cluster Data frame
(Data frame 0) Manufacturers
Drive i name
]()D‘?ta frame 1) Onex2K Additional ID
rive i-1 sector
Drive area SS;ZC:OZFE : Unique ser. num.
Recorded (Data frame 30) Drive-specific
phys. cluster Drive i-30 information
Recorded (Data frame 31)
phys. cluster Drive i-31
Last recordted
phys. cluster
New recorfled
phys. cluster
Unrecordeld (Data frame 0)
phys. cluster New drive
: (Data frame 1)
Drive i
32x2K | :
sectors | :
(Data frame 30)
Drive i-29
(Data frame 31)
Drive i-30

Figure 94 — Format of drive.area (example)

18.3.16INFO|1/DMA 1

This zone comprising 32 physical clusters starts at PAA 01 FE 80h and is intended for use by the disk
management fystem. These clusters shalkbe left unrecorded until the disk is closed (see 22.6).

18.3.17INFO(1/Control data 1

This zone conprising 32 physical‘clusters starts at PAA 01 FF 00h on layer LO and at PAA 3E 00 80h on
layer L1 and if intended to stope control information. Unused clusters shall be left unrecorded until the
disk is closed

18.3.18INFO|1/PAC1

to be
all be

This zone corhprising 32 physical clusters starts at PAA 01 FF 80h on layer LO and is intended|
used for storing physteat-acecess—eontroHPACHchisters{see codclieteneinthicrome
left unrecorded.

18.4 Recordable area of inner zone 1

18.4.1 Buffer

This zone comprising 1 408 physical clusters starts at PAA 3E 7E 00h and shall be left unrecorded.

18.4.2 OPC1

This zone comprising 2 048 physical clusters starts at PAA 3E 5E 00h is reserved for testing and OPC
procedures. The OPC 1 area shall be used according 18.3.11.
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18.4.3 Buffer

This zone comprising 1 408 physical clusters starts at PAA 3E 48 00h and shall be left unrecorded.

18.4.4 INFO 2/Reserved 8
This zone comprising 32 physical clusters starts at PAA 3E 47 80h and is BDAP-dependent.
For disks with BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.

For disks without BCA code, this zone shall be recorded all 00h before being shipped.

18.4.5 INFO 2/Reserved 7

This zpne comprising 32 physical clusters starts at PAA 3E 47 00h and shall be leftunrecdrded.

18.4.6 INFO 2/Reserved 6
This zpne comprising 32 physical clusters starts at PAA 3E 46 80h and is-BDAP-dependent.
For digks with BCA code, this zone shall be left unrecorded, unless otherwise specified by the BDAP.

For digks without BCA code, this zone shall be recorded all 00h-b€fore being shipped.

18.4.7| INFO 2 /Reserved 5
This zpne comprising 32 physical clusters starts at PAA3E 46 00h and is BDAP-dependent.
For digks with BCA code, this zone shall be left unrecorded, unless otherwise specified by the BDAP.

For digks without BCA code, this zone shall be recorded all 00h before being shipped.

18.4.8 INFO 2 /PAC 2

This zpne comprising 32 physical’¢lusters starts at PAA 3E 45 80h on layer L1 and is iptended to be
used for storing physical access\control (PAC) clusters (see 21.2). Unused clusters in thig zone shall be
left unfrecorded.

18.4.9 INFO 2/DMA 2

This zpne comprising 32 physical clusters starts at PAA 3E 45 00h and is intended for upe by the disk
management system. These clusters shall be left unrecorded until the disk is closed (see 42.6).

18.4.1/0INFO 2 /Control data 2

This zone comprising 32 physical clusters starts at PAA 3E 4480 and is intended to store control
information. Unused clusters shall be left unrecorded until the disk is closed.

18.4.11INFO 2 /Buffer 2

This zone comprising 32 physical clusters starts at PAA 3E 44 00h and shall be left unrecorded.

18.4.12TDMA 1

This zone comprising 2 048 physical clusters starts at PAA 3E 24 00h and is intended for use as a
temporary DM area.
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18.4.13Reserved

This zone comprising 2 048 physical clusters starts at PAA 3E 04 00h and shall be left unrecorded.

18.4.14INFO

1/Pre-write area

This zone comprising 32 physical clusters starts at PAA 3E 03 80h. All 32 physical clusters shall be
recorded by the first drive that writes on layer L1 and shall contain all 00h. Drives that write the
INFO 1/Pre-write area shall update pre-write area flags of the TDDS (see 22.4.4).

18.4.15INFO
The use of thi

This zone can
drive that ha
the format sp

18.4.16INFO

This zone con
management

18.4.17INFO

1/Drive area

b zone, divided into four parts of 32 physical clusters, starting at PAA 3E 01 80h, is'ep

be used by drives to store drive-specific information, restricted to be used only
I created the information. To guarantee that drives can allocate their ofwn‘inform
pcified in 18.3.15 shall be used. The clusters in this zone shall be ignored ih interch

1/DMA 1

cystem. These clusters shall be left unrecorded until the diskis closed (see 22.6).

1/Control data 1

This zone comprising 32 physical clusters starts at PAA 3E%00°80h and is intended to store (

information.

Unused clustd

18.4.18INFO

This zone cor
used for stori
left unrecordg

19 Data zo

On an SL dis}
25,0 GB disk.

On a DL disk
50,0 GB disk.

rs shall be left unrecorded until the disk-is.closed.

1/PAC 1

g physical access control (PAC) clusters (see 21.2). Unused clusters in this zone s
pd.

e

tional.

by the
hation,
hnge.

hprising 32 physical clusters starts at PAA 3E 01 00h and is-intended for use by the disk

ontrol

hprising 32 physical clusters starts at PAA 3E 00 00h on layer L1 and is intended to be

hall be

, the data zone can contain a total of 381 856 clusters of user data, which results in a

the data zones can contain a total of 763 712 clusters of user data, which results in a

20 Outer zone(s)

20.1 General

On an SL disk

, the outermost zone of the information zone functions lead-out zone.

On a DL disk, outer zone 0 and outer zone 1 function as a transition area between the data zones on

layer LO and 1

134

ayer L1 (see Figure 95 and Figure 96).
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Outer Description First PAA Number of PUrpose
zone 0 p of zone phys. clusters p
Buffer 4 LAA + 2h 32 ---
. INFO 3 DMA 3 LAA + 82h 32 Disk management
Control data 3 LAA +102h 32 Data information
Recordable
. --- Angular buffer | LAA+182h 76 ---
DMA 4 LAA + 2 B2h 32 Disk management
Tracking | |NFO 4 Controldata4 | LAA+332h 32 Data information
dlreCtlon R fEL L LAA 2.D2L 20
DUIITI U LAn T J D4all [o 'I
DCZO0 Test zone LAA +4 32h 512 Drivé)calibration
Protection zone 3 | LAA + C 32h
Figure 95 — Outer zone 0/lead-out zone
Outer o First PAA Number of
Description Purpose
zone 1 of zone phys. clusters
--- Protection zone 3 --- --- -1-
DCZ 1 Test zone FAA= ¢/30h 512 Drive calibration
l Buffer 6 FAA -4 30h 32 -1-
Récordable | INFO 4 Control data4 | FAA -3 BOh 32 Data inf¢rmation
L DMA 4 FAA -3 30h 32 Disk marjagement
--- Angular buffer | FAA -2 B0Oh 76 -1-
Tracking Control data 3 FAA - 1 80h 32 Data inf¢rmation
direction INFO 3 DMA 3 FAA -1 00h 32 Disk marjagement
Buffer 4 FAA - 80h 32 -1-
Figure 96 — Outer zone 1
20.2 Recordable area of outer zone(s)
20.2.1 INFQ'3/Buffer 4
This zpne/comprising 32 physical clusters shall be left unrecorded.

20.2.2 INFO 3/DMA 3

This zone comprising 32 physical clusters is intended for use by the disk management system. Until the
disk is closed (see 22.6), these clusters shall be left unrecorded.

20.2.3 INFO 3/Control data 3

This zone comprising 32 physical clusters is intended to store control information. Unused clusters
shall be left unrecorded until the disk is closed.

20.2.4 Angular buffer

This zone comprising 76 physical clusters shall be left unrecorded.
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20.2.5 INFO 4/DMA 4

This zone comprising 32 physical clusters is intended for use by the disk management system. These
clusters shall be left unrecorded until the disk is closed (see 22.6).

20.2.6 INFO 4/Control data 4

This zone comprising 32 physical clusters is intended to store control information. Unused clusters
shall be left unrecorded until the disk is closed.

20.2.7 INFO 4/Buffer 6

This zone conllprising 32 physical clusters shall be left unrecorded.

20.2.8 DCZ (/Test zone and DCZ 1 / Test zone

These test zohes comprising 512 physical clusters are reserved for drive calibrations. The DCZ areas
shall be used pccording to 20.2.9.

20.2.9 Usage of DCZ area

20.2.9.1 DCZ procedure order

The Drive callbration zone shall be used consecutively in descending PAA order. The first area uped for
a calibration procedure ends at the end of the last PAA. The lastwsable physical cluster of the D(Z area
is located at the first PAA of the DCZ area (see Figure 97).

PAA: LAA + 4 32h
PAA: LAA + C30h

DCZ @isage direction <

Layelr LO
DCZ( 512 511 |510 D << - 4 2 2

—_

Track direction

v

Track direction

A

]]3%3’291 s 7 3 T S ————— S STO [ 5TIT [ 512

-

» DCZ usage direction

PAA: FAA -4 32h
PAA: FAA - C 30h

Figure 97 — Direction of usage of DCZ area of layer L0 and layer L1

136 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

20.2.9.2 DCZ physical cluster usage

The length of one calibration procedure may be chosen by the drive and is not restricted to an integer
number of physical clusters (see Figure 98). The transition between used and unused calibration areas
shall be indicated by a calibration marker. The distance between any two consecutive calibration
markers shall not exceed 16 physical clusters. In case a calibration procedure needs more than 16
physical clusters, calibration markers shall be inserted to fulfil this requirement. The calibration
marker shall have a length of at least 868 NWLs (equal to one AUN) and its modulation shall be such

that Ig,/Igy = 0,30.

Cluster # N -2 ! Cluster #N-1 ! Cluster # N Cluster # P! Cluster #P +1 !

»' »'
»< >4

N
N

_
NN
NN

PDCZ area
P RN Recording direction ' ! N
Vo P e |
o o o ) A '
LB =B =B =B =B
T o o o o o
55 = = = =
VY o o © 0
= = S | =3 = o
o o o o o o
5 5 = =] 5 5
5 X £ = 2 x
8 X 8 < 2 <
=~ o+ = + =
] [\ D = [e°)
— — =
I+ I+ 3
< X <
+ +
N [N

NOTE Calibration #M occupies exactly onelcluster; Calibration #M+1 exceeds one cluster;
Calibration #M+2 is smaller than "ene cluster.

Figure 98 — Example of position of Calibration markers

20.2.9.3 Update of TDMA

Each dalibration procedure performed at any of the DCZ zones shall be completed by|updating the
corresponding next available PSN of drive calibration zone on layer Ln in the TDDS (see 2£.4.4).

20.2.1/0 Protection zone 3

This z¢ne contains an unrecorded groove.

All AD[P~units in the grooves in this zone shall be modulated by MSK-cos only and not[by HMW (see
15.6.2).

21 Physical access control clusters

21.1 General

Physical access control (PAC) clusters provide a structure on the disk for the exchange of additional
information between interchange parties. PAC clusters shall be recorded in the INFO 1/PAC 1 zone and
backup copies shall be recorded in the INFO 2/PAC 2 zone. All PAC clusters shall have the same format
for their first 384 data bytes, which constitute the PAC header.

In the future, new PACs can be defined for specific applications/functions.
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Drives designed before the introduction date of a new PACs are, in general, not able to interpret it and,
therefore, shall treat such a PAC as a so-called unknown PAC. By obeying standard unknown PAC rules,
defined in the header of the PACs, compatibility problems and unwanted destruction of data for specific
applications can be avoided as much as possible.

Drives designed after the introduction date of a new PAC can be assumed to be familiar with the
specific application/function connected to the new PAC. Such drives can therefore ignore the “unknown
PAC rules” and apply the rules defined in the “PAC-specific information” fields of the PAC. For such
“known PACs” there are no physical access restrictions unless specified otherwise in the “PAC-specific
information” fields.

21.2 LayoutefPAGCzenes

On SL disks, the INFO 1/PAC 1 and INFO 2/PAC 2 zones each form one area of 32 clusters available for
the storage of| PAC.

On DL disks, the INFO 1/PAC 1 zones on layer LO and layer L1 form one area of 64 clusters avpilable
for the storage of PAC, and the INFO 2/PAC 2 zones on layer LO and layer L1 form.another areg of 64
clusters available for the storage of PAC.

Each PAC cludter shall be recorded in both zones INFO 1/PAC 1 and INFO,.2Y/PAC 2, so there are always
two copies of|each PAC cluster recorded. A PAC shall always be updated-first in the INFO 1/PAC|1 zone
and then be dopied to the INFO 2/PAC 2 zone, which facilitates the handling of possible powei-down
failures. The PAC update count of the PAC cluster recorded in the INFO 2/PAC 2 zone shall be th¢ same
as the PAC upflate count of the PAC cluster recorded in the INFOL/PAC 1 zone.

The status of|all locations in both the INFO 1/PAC 1 and INFO 2/PAC 2 zones shall be indicated| in the
TDDS (see 2214.4) by a 2-bit pattern as per Figure 99.

b(n+1)Pn Content in PAC location
00 Unrecorded
(Also.to be used if layer not present.)
01 - .
(This bit setting is reserved.)
10 Contains an invalid PAC 2
11 Contains a valid PAC

a PACrclusters with status 10 as indicated in the TDDS are
not allowed to be transferred outside the drive
(independent on the setting of bit b, and b, of the
unknown-PAC rules).

Figure 99 — Status of PAC locations

If the PAC cluster is found to be defective during recording, then the defective cluster shall be skipped
and indicated as invalid in the TDDS (see Figure 99). A replacement PAC shall be recorded in the next
available cluster.

If a PAC shall be updated, the new version of the PAC shall be recorded in the next available cluster and
the previous location containing the old version of the PAC shall be indicated as invalid in the TDDS.

21.3 General structure of PAC clusters

The user data of PAC clusters shall be formatted according to Figure 100. The first 384 bytes constitute
the PAC header.

138 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

Byte position
Data frame | in data frame Content Number of bytes

0 0to2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-update count 4

0 8to11 Unknown-PAC rules 4

0 12 Unknown-PAC entire_disk_flags 1

0 13 to 14 Reserved 2

0 15 Number of segments 1

0 16to 23 Segment 0 8

0 24 to 31 Segment_1 8

0 32to0 263 : 29'%(8
0 264 to 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC entire_disk_flags 1

0 385 to 387 Reserved 3

0 388to 2 047 PAC-specific information 166D
1 0to 2047 PAC-specific information 2 04B
30 0to 2047 PAC-specific information 2 04B
31 0to 2047 Resénved 2 04B

Figure 100 — Generallayout of PAC clusters

The PAC_ID shall identify the specific type of\PAC cluster:
— if et to 49 53 31h, the PAC cluster isithe IS1 PAC as defined in 21.4;

— if et to 49 53 32h, the PAC cluster is the IS2 PAC as defined in 21.4.
Other yalues for the PAC_ID are reserved.

Each rlew PAC added to the INFO 1/PAC 1 zone or INFO 2/PAC 2 zone shall be record¢d in the first
available cluster in these zones [indicated by status 00 in the TDDS (see Figure 99)].

The PAC format field shall indicate the version number of the specific PAC.

The PAC update_count shall specify the total number of update operations of the current PAC. This field
shall He sette 00 00 00 00h during the first format operation only, and it shall be incremented by one
each t1me the current PAC is updated.

The unknown PAC rules shall specify the required actions when the content and use of the PAC
are unknown (i.e. the PAC_ID is not set to a known value). These bytes form a field consisting of 32
individual bits (bit b3, shall be the msb of byte 8 and bit b, shall be the Isb of byte 11). The actions
described below shall be taken (when the PAC is unknown) for any cluster contained within the
related area (see Figure 101). The actions described for the user data area shall be taken only within
the specified segments, if segments have been defined. Otherwise, these actions shall be taken for any
cluster contained within the full user data area.

If a drive encounters multiple unknown PACs on one disk, it shall use the OR-function of the unknown
PAC rules (in other words, if one of the PACs excludes an action, the same rule of the other PACs is
irrelevant).
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Control Mandatory
Area Bits type setting
b, to by, Reserved 0000 0000
b Writ -
Reserved 8 23 —c
b Writ ONE
Reserved 7 b21 R rl;
ea -
INFO 2 b2° Wit
ri -
Reserved 6 = =
big Read -
b Writ -
Reserved 5 — —°
bys Write ZERO
Drive area (part 4
v (part 4) b, Read 7ERO
_ by Write ZERO
Drive area (part 3)
INFO 1 by, Read ZERO
Drive area (part 2) byy YA ZERO
P bio Read ZERO
) by Write ZERO
Drive area (part 1)
bg Read ZERO
TDMA [Rones (not including the TDDS; see :
22.6.2.1) by Write -
b Reserved unless otherwise
6 specified by the BDAP.
be Write -
INFO 1,2,3,4 Control-data zones
b, Read -
User-data area / by Write -
Data Zohes Segments b, Read -
b, Write -
INFO 1 and 2 PAC eluster
b, Read -
“-“ no nmpandatory setting'specified, as well ZERO as ONE can be allowed depending
on gpecific PAC
Figure 101 — General bit assignments for unknown PAC rules

For all zones/areas, except the PAC cluster, the bits have the following meaning:

— Control type = write:

— ifsetto ZERO:  indicating that writing in the related zone/area is allowed;

— ifsetto ONE: indicating that writing in the related zone/area shall not be allowed.
— Control type = read:

— ifsetto ZERO: indicating that reading in the related zone/area is allowed;

— ifsetto ONE: indicating that reading in the related zone/area shall not be allowed.
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The meaning of “reading shall not be allowed” in this context is that the data content of the clusters in
the related area(s) are not allowed to be transferred outside the drive.

For the PAC cluster, the bits have the following meaning:

— Control type = write:

— ifsetto ZERO:  indicating that overwriting the current PAC cluster or changing its status bits
in the TDDS is allowed;

— ifsetto ONE: indicating that overwriting the current PAC cluster and changing its status
bits in the TDDS shall not be allowed.

— Control type =read:

— ifsetto ZERO:  indicating that reading and transferring the contentof‘the chirrent cluster
outside the drive is allowed;

— if set to ONE: indicating that the content of the current PACcluster, excegt for the first
384 bytes of the first data frame, shall notbe transferred outgide the drive,
to be enforced by setting all bytes not beleniging to the PAC header to 00h
before passing the content of the cluster.

The umknown PAC entire_disk_flags byte specifies unknown«PAC rules that cover the pntire disk as
follows:

— Bjtsb; tob;: These bits shall be reserved.
— Bjt by this bit shall be set ONE, indicating re-initialization is not possible.

The n@imber of segments shall specify the total number N (0 < N < 32) of segments specified in the
currerjt PAC.

Moreoper, the total number of segments defined for all PACs on a disk shall not excged 32 as per
Formgl (57)

la (57):
N
g < 32 (57)
i=(

where|ng ; isnumber of segments in PAC,.

The S¢gment_i field shall specify the starting and ending address of a contiguous range of clusters,
called p segment.

Segments,shall be assigned, starting from Segment_0 to Segment_(N-1) (N < 32). Segmegnts specified
within oné PAC shall not overlap and shall be sorted in ascending order according to their addresses.
Segments shall only start and end at cluster boundaries. All Segment_i fields, where i 2 N, shall be set to
all 00h.

— The first 4 bytes of a Segment_i field, if used, shall contain the first PSN of the first cluster belonging
to the segment.

— The last 4 bytes shall contain the last PSN of the last cluster belonging to the segment.

These segments shall only be applied to the unknown PAC rules. If overlapping segments in different
PAC clusters are encountered, the drive shall apply the OR-function to the related unknown PAC rules in
the overlap areas.

The known PAC entire_disk_flags byte specifies rules for the entire disk in case the drive is able to
interpret the PAC as follows.
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— Bitsb; tob;: These bits shall be reserved.

— Bit by: This bit shall be set ONE, indicating re-initialization is not possible.

21.4 1S1 and IS2 PAC clusters

The IS1 PAC and IS2 PAC may be recorded on an unrecorded disk. When BCA code is not recorded on an
unrecorded disk, IS1/IS2 PAC structures shall be recorded in INFO 1/PAC 1 and INFO 2/PAC 2 before
being shipped. When BCA code is recorded on an unrecorded disk, IS1/1S2 PAC structures shall not be

recorded.

The layout of thedS1-RPACandIS2ZRPAC-clustershallbeformatted-asshowninFHigure 02—
Byte position
Data frame | in data frame Content Number-of bytes

0 Oto 2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-update count 4

0 8to 11 Unknown-PAC rules 4

0 12 Unknown-PAC entire_disk_flags 1

0 13 to 14 Reserved 2

0 15 Number of segmerits 1

0 16 to 23 Segment 0 8

0 24 to 31 Segment: 1 8

0 32to 263 { 29 x 8

0 264 to 271 Segment_31 8

0 272 to 383 Reserved 112

0 384 Knewn-PAC entire_disk_flags 1

0 385to 2 047 Reserved 1663

1 0to 2 047 Reserved 2048

31 0 to 2 047 Reserved 2048

Figure 102 — General layout of IS1 and IS2 PAC clusters

The PAC_ID shall be'set to 49 53 31h, representing the characters “IS1” for IS1 PAC. The PAC_ID s
set to 49 53 3Rh{representing the characters “IS2” for IS2 PAC.

The PAC format field shall be set to 00h for both PACs, indicating this is a version 0.

The PAC update count shall be set to 00 00 00 00h for both PACs.

The unknown PAC rules shall be set 00 AA 00 00h for IS1 PAC and shall be set 00 AA 00 CBh for IS2 PAC.
The unknown PAC entire_disk_flags byte shall be set to 01h for both PACs.

The number of segments shall be set to 00h for both PACs.

The Segment_i fields shall all be set to all 00h for both PACs.

The known PAC entire_disk_flags byte shall be set to 01h for both PACs.
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22 Disk management

22.1 General

Disk management defines and controls method of recording user data on the disk.

22.2 Recording management

22.2.1

General

The BD recordable system supports a sequential recording mode (SRM), which is managed by means of

asequ

22.2.2

The di
the us

Inform
infornj

(TDMAs) (see 22.3). On a recorded disk, the final SRRI is recorded.in a disk management

The SH

22.2.3

During
be add
for the

availalple, completely unrecorded cluster inithe SRR. This address is called the next wr

(NWA]
physic

When
bound
ZERO
status

cluster.

The SK
in the

bntial recording range information (SRRI) structure.

Sequential recording mode (SRM)

sk has a continuous area, referred to as the sequential recording ranges’(SRR). Iy
er data shall be recorded sequentially in the direction of increasing addresses.

ation about the location and status of the SRR shall be stored.ifa sequential re
ation (SRRI) structure. The SRRI shall be recorded in temporary disk mana

side the SRR,

fording range
bement areas
hirea (DMA).

R shall start at a cluster boundary and has only one paint from where new data can be recorded.

Recording user data in SRR

F continuous sequential recording, user data)presented by the host in 2KB logical
ed immediately after the last-written sector in the SRR. However, when the host ¢
next address available for recording innthe SRR, the drive shall return the first P

. During the sequential recording - process, the NWA is dynamically increments
hl clusters, according to the sizeof the written user data.

sectors, shall
omputer asks
BN of the next
table address
d in units of

sequential recording is.términated and the size of the user data is not matching with the

hries of a physical cluster, the remaining part of the last physical cluster shall bg
ata, where each individual data frame containing padding data shall be identified
bits Sa;;/Sa; o to 1&{see 13.9.2.5). The NWA shall point to the first sector of the nej

R entry (seg22.4.6.4) contains a last recorded user data address (LRA), indicating
bRR filled\with user data (non-padding data) (see Figure 103).

Recorded physical cluster

A

\ 4

padded with
by setting its
Kt unrecorded

he last sector

JTCToT

LN

NWA
Recorded

user data

ZERO
padded

—»<—— Unrecorded —

Figure 103 — Example of last RUB with recorded user data and padded ZEROs
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22.2.4 SRR status

An SRR can have one of the following states:

open:

closed:

the SRR has a valid NWA and data can be appended;

the SRR does not have an NWA and appending data is not allowed.

The number of open SRR shall be one. During recording in the DMA of the disk, the SRR shall have the

status closed.

22.2.5 Closing SRR

When an opell SRR was closed, the open SRR number bytes shall be set to 00h (see 22.4.6.3). Optilonally,

one or more dlusters can be padded with all bytes set to 00h and the status bits Sa, ;/Sag} for 4ll data
frames set to [L1.

It is not necegsary to record the remaining unrecorded clusters of the SRR on clo§ing. The LRA of the
closed SRR shiall be correct.

22.3 Tempdrary disk management areas (TDMA)

22.3.1 Genefal

The recording-management information can need to be updated many times during use. For this
purpose, a special area is available in the lead-in/lead-out zohe called the temporary disk management
area (TDMA).

For an SL disk, this area is located in the lead-in zone'and called TDMA 0. For a DL disk, therq is the
same TDMA (] in the lead-in zone of layer LO and a seeond area, called TDMA 1, in the lead-out Zone of
layer L1. Both TDMA 0 and TDMA 1 shall have a fixed size of 2 048 physical clusters.

In the case df a DL disk, TDMA 0 and TDMA 1 shall be used sequentially in the following|order:
TDMA 0 - TOMA 1

Each TDMA ghall be filled contiguodsly and in the direction of ascending PSNs. All elements|of the
actual TDMS [see 22.4.2) shall be located in one TDMA. If insufficient space is left in the actual [DMA,
then a new cqmplete TDMS set-§hall be created in the next available TDMA, and the indicator fpr this
next TDMA (sge 22.3.2) shallberecorded.

All remaining unused clusters in a full TDMA shall be recorded with all 00h data while the statjus bits
Sa;,/Sa; for ll data frames shall be set to 11.

22.3.2 TDMA aceess indicators

To find out quickly which TDMA is currently in use, the first clusters of TDMA 0 shall be used as
indicators. On an SL disk the first 3 clusters shall be reserved for this purpose and on a DL disk the first
6 clusters. These TDMA access indicator clusters shall be used in the direction of descending addresses
as indicated in Figure 104.

If TDMA1 is in use, (TDMA 0 having been completely used) then an indicator for TDMA 1 shall be
recorded.

When the disk is closed also the first indicator cluster of TDMA 0, indicating the DMA, shall be recorded.

Moreover, to find out quickly the location of the TDMA that is currently in use, the TDMA access indicator
clusters shall contain the TDDS according to the status of the disk at the moment when the TDMA access
indicator cluster was recorded. For robustness, all 32 data frames in the indicator clusters shall contain
a copy of the first TDDS recorded in the TDMA related to the actual indicator cluster. The first indicator
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cluster of TDMA 0, indicating that the DMA has been recorded, shall contain 32 repetitions of the DDS
as this is recorded in DMA 1 (see 22.6.3).

Indicator clusters

— Single layer disk
< T 3
= £ %
[ o o
(77} wn
() [«5)
Inner | 2 =2 TDMA 0 .| Inner
zope | ' " zone
Indicator clusters Dual layer disk

DMA
Reserved
Reserved
Reserved
Reserved

TDMA 1

Figure 104 — TDMA indicator clusters

22.4 Disk management structure (DMS)

22.4.1 General

The DMS holds structures for disk management and recording mode information. There pre two kinds
of dis management structures as follows:

— dipk management structures (DMS, see 22.6.3), recorded in the DMA zones when a|disk is closed
(t¢ preserve all disk management information contained in the last temporary dis management
stfucture);

— temporary disk management structures (TDMS), recorded in the TDMA zones as lohg as the disk
hds not been closgd.

22.4.2) Temporary disk management structure (TDMS)

The temporary disk management structure consists of the following three elements depending on the
recording mode. All of these elements shall be present in the same TDMA n that is actually in use.

For sequential recording mode, the TDMS consists of the following:
— temporary disk-definition structure (TDDS);

— temporary defect list (TDFL);

— sequential recording range information (SRRI).

The last data frame of the last of the clusters constituting a TDMS update unit shall always contain a
TDDS. This TDDS contains pointers to the latest recorded TDFL clusters and SRRI. After an update of
one or more of these elements, the TDDS pointers shall be updated.

The TDMS shall consist of the latest recorded versions of the TDDS, the TDFL and the SRRI.

The TDMS update units shall be recorded sequentially in the direction of ascending PSNs in each TDMA
(see 22.3). If a physical cluster is perceived as defective during recording, this cluster shall be skipped
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and the data recording shall continue in the next available physical cluster in the TDMA. If defective
clusters are detected immediately after writing of the full TDMS update unit (verify-after-write) then
it is allowed to only rewrite the defective clusters and the last cluster of the TDMS update unit (for
updating of the TDFL pointers in the TDDS) at the next available locations (as a consequence of this the
order of the TDFL clusters as recorded on the disk need not to be the same as their order in the defect
list. This last one shall be indicated by the pointers in the TDDS).

22.4.3 TDMS in sequential recording mode

In the sequential recording mode, the TDMS update units for the SRRI shall always contain a temporary
dlsk-deflmtlon structure (TDDS) in the last data sector and a sequentlal recordlng range information
(SRRI) block jn-th mmedi i e c h 2 k shall
start at a sectpr boundary and the length of the SRRI block is limited to 31 data sectors The SRRI block
is terminated|with an SRRI terminator (see Figure 114).

Cluster Data frame Content
0.29 Set to 00h
One cluster
30 SRRI

(One sect«@

31

(()Q;Qector)

Figure 105 — Example of TDMS updadte unit for SRRI for SRM

The TDFL alwjays starts in the first data sector of the\first cluster of a TDMS update unit (see Figurle 106).
The TDFL shgll be terminated with a defect listderminator (see Figure 112). The last data seftor of
the cluster of|the TDMS update unit for the TDFL shall contain a TDDS. If both the SRRI and TD|FL are
recorded, the| two structures can be combined in one TDMS update unit as indicated in Figuge 106,
where the TDFFL is located at the top of .the TDMS update unit and the SRRI at the bottom, immegiately
preceding theg TDDS.

Cluster Data frame Content

0 TDFL <

(One sector)
1.29 Set to 00h
One cluster

20 SRRI p
(One sector)

31 TDDS

(One sector)

Figure 106 — Examples of combined TDMS update units for SRM

22.4.4 Temporary disk definition structure (TDDS)

The TDDS contains information about the format and status of the disk. The last recorded TDDS is the
anchor to the addresses of the other parts/elements of the TDMS. Pointers in the TDDS shall only point
to addresses of previously written structures (no forward pointers), which all shall be in the same
TDMA n as the TDDS itself. The format of the TDDS is defined in Figure 107.
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The TDDS Identifier shall be set to 44 53h, representing the characters “DS”.
The TDDS format field shall be set to 00h, identifying a TDDS.

The TDDS-update count shall specify the total number of update operations on TDDS. This field shall
be set to 00 00 00 00h during the initialization operation and incremented by one each time a TDDS is
recorded on the disk.
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Byte position Number
Data | in data frame Content of bytes
frame

31 Oto1l TDDS identifier 2
31 2 TDDS format 1
31 3 Reserved 1
31 4to7 TDDS-update count 4
31 8to 15 Reserved 8
31 16to 19 First PSN of drive area (P_DA) 4
31 20to 23 Reserved 4
31 24 to 27 First PSN of defect list (P_DFL) 4
31 281031t Reserved %*
31 32 to 35 Location of LSN 0 of user-data area 4
31 36 to 39 Last LSN of user data area 4
31 40to 51 Reserved unless otherwise specified by the BDAP. 12
31 52 Flag A 1
31 53to 55 Reserved 3
31 56 Pre-write area flags 1
31 57 to 63 Reserved 7
31 64to71 Status bits of INFO 1/PAC 1 locations on lay€rL0 8
31 72t0 79 Status bits of INFO 2/PAC 2 locations on Jayer L0 8
31 80 to 87 Status bits of INFO 1/PAC 1 locations ofidayer L1 8
31 88 to 95 Status bits of INFO 2 /PAC 2 locations on layer L1 8

31 96to 1023 Reserved 928
31 1024 Recording mode 1
31 |[[L025to1027 Reserved unless otherwise specified by the BDAP. 3
31 |[[L028to1031 Reserved 4
31 [ 032to1035 Last-recorded address of user data area 4
31 |1 036to1039 Reserved 4
31 [L040to1051 Reserved unless othérwise specified by the BDAP. 12
31 |[[L052to 1087 Reserved 36
31 [ 088to1091 Next available:PSN of test zone on layer L0 (P_TZ0) 4
31 |1 092to 1095 Next available PSN of test zone on layer L1 (P_TZ1) 4
31 [J1096to1103 Reserved 8
31 |[[L104to1107| Next available PSN of drive-calibration zone on layer L0 (P_CZ0) 4
31 |[[L108to1 111 Next available PSN of drive-calibration zone on layer L1 (P_CZ1) 4
31 |(1112to 1119 Reserved 8
31 |1120to1123 First PSN of first cluster of defect list (P_first DFL) 4
31 |[l124to1 151 Reserved unless otherwise specified by the BDAP. 28
31 [[L152to1483 Reserved 32
31 |[l 184 t0:1-187| First PSN of sequential recording range information (P_SRRI) 4
31 |l 188to1191 Reserved unless otherwise specified by the BDAP. 4
31 |1192to1 215 Reserved 24
31 |1216to1 231 Reserved unless otherwise specified by the BDAP. 16

31 |1232to1915 Reserved 684
31 [1916to 1919 Reserved unless otherwise specified by the BDAP. 4
Drive ID: Manufacturers name 48

31 [1920to 2047 Additional ID 48
Unique serial number 32

Figure 107 — Format of TDDS

The first PSN of drive area field shall specify the first PSN of the cluster that contains the latest drive-
specific information frames. If the drive area is unrecorded, this field shall be set to 00 00 00 00h.

The first PSN of defect list field shall be set to 00 00 00 00h in all TDDS sectors appearing in the TDMAs.
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When the disk is being closed and the final DDS is written in the DMA, this field shall specify the first
PSN of the first defect list that can be retrieved error-free in the DMA zone containing the particular
DDS. If no defect list can be stored error-free, this field shall be set to FF FF FF FFh.

The location of LSN 0 of user data area field shall specify the PSN of the first user data frame in the first
cluster and shall be set to 00 10 00 00h unless otherwise specified by the BDAP.

The last LSN of user data area field shall specify the logical sector number (LSN) (see Clause 23) of
the last sector available for the storage of user data and shall be set to 00 BA 73 FFh for SL disk and
01 74 E7 FFh for a DL disk unless otherwise specified by the BDAP.

The 8-bit flag A field specifies the status of the SL disk or DL disk. This byte shall be set 03h on SL disks

and 0

The 8-
layer. |

The st
cluster

The st
cluster

rom bt disksumtessotherwisespecified by the BDAP:

bit pre-write area flags field specifies the status of the INFO 1/Pre-write areasfor ¢
f the pre-write area on layer i is recorded, then bit b, shall set to ONE, else bit.b; shall &

atus bits of INFO 1/PAC 1 locations on layer LO field shall specify the'recording s

sin the INFO 1/PAC 1 zone on layer L0 (see Figure 108). The bit pairsshall be set as d|
Byte position Bits INFO 1/PAC Xlocation PAA
64 b, be 01 FF80h
64 bs b, 01 FF 84h
64 bs b, 01 FF 88h
64 b, b, 01 FF 8Ch
65 b, b, 01 FF 90h
70 b, b, 01 FF ECh
71 b, bg 01 FF FOh
71 bsb, 01 FF F4h
71 b; b, 01 FF F8h
71 b, b, 01 FF FCh

Figure 108 — Status bits and related INFO 1/PAC 1 address locations on lay

ach recording
e set to ZERO.

atus of all 32
efined in 21.2.

br LO

atus of all 32
efined in 21.2.

htus bits of INEQ) 2/PAC 2 locations on layer LO field shall specify the recording s
sin the INFO-2/PAC 2 zone on layer L0 (see Figure 109). The bit pairs shall be set as d|
Byte position Bits INFO 2/PAC 2 location PAA

72 b, b, 01 BA 00h

72 bs b, 01 BA 04h

72 b, b, 01 BA08h

72 b, b, 01 BA 0Ch

73 b, b, 01 BA 10h

78 b, b, 01 BA 6Ch

79 b, b, 01 BA 70h

79 bs b, 01 BA 74h

79 b; b, 01 BA 78h

79 b, by 01 BA 7Ch

Figure 109 — Status bits and related INFO 2/PAC 2 address locations on layer LO
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The status bits of INFO 1/PAC 1 locations on layer L1 field shall specify the recording status of all 32
clusters in the INFO 1/PAC 1 zone on layer L1 (see Figure 110). The bit pairs shall be set as defined in 21.2.

Byte position Bits INFO 2/PAC 2 location PAA
72 b, be 01 BA 00h
72 bs b, 01 BA 04h
72 b, b, 01 BA 08h
72 b, by 01 BA 0Ch
73 b, bg 01 BA 10h
78 b, b, 01 BA 6Ch
79 b, bg 01 BA 70h
79 bs b, 01 BA 74h
79 b; b, 01 BA 78h
79 b, b, 01 BA 7Ch

Figure 110 — Status bits and related INFO 1/PAC 1 address locations on layer L1

The status bifs of INFO 2/PAC 2 locations on layer L1 field shall specify the recording status of all 32
clusters in thg INFO 2/PAC 2 zone on layer L1 (see Figure 111). Thebit'pairs shall be set as defined in 21.2.

Byte position Bits INFO<2/PAC 2 location PAA
88 b, b, 3E 45 80h
88 bs b, 3E 45 84h
88 b; b, 3E 45 88h
88 b, b, 3E 45 8Ch
89 b, b, 3E 45 90h
94 b, by 3E 45 ECh
95 b, b, 3E 45 FOh
95 bs b, 3E 45 F4h
95 b; b, 3E 45 F8h
95 b, by 3E 45 FCh

Figure 111= Status bits and related INFO 2/PAC 2 address locations on layer L1

The recording mode fieldspecifies themode imwhich userdata s going to be recorded i the user data
area. This field shall be set to 00h to indicate sequential recording mode, unless otherwise specified by
the BDAP.

The last recorded address of user data area field shall specify the PSN of the highest numbered physical
sector in the user data area recorded with data supplied by the host. This address shall be equal to the
LRA of the highest numbered SRR containing user data (see 22.4.6.4). If no user data is recorded in user
data area, the value of this field shall be set to 00 00 00 00h.

The next available PSN of test zone on layer LO field shall specify the first PSN of the next usable cluster
available for testing and OPC procedures in the test zone on layer LO. The initial value for this field in
case of an unused test zone is 00 OE DF 60h (the highest addressed 4 clusters of the test zone on layer
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L0 shall be reserved as a buffer zone). If the test zone on layer L0 has no free cluster, this field shall be
set to FF FF FF FFh.

NOTE1 Ifan OPC procedure fails, the drive can be unable to correctly update the TDMS.

The next available PSN of test zone on layer L1 field shall specify the first PSN of the next usable cluster
available for testing and OPC procedures in the test zone on layer L1. In case of an SL disk, this field
shall be set to 00 00 00 00h. The initial value for this field in case of an unused test zone is 01 F3 EF EOh.
If the test zone on layer L1 has no free cluster, this field shall be set to FF FF FF FFh.

NOTE 2 Ifan OPC procedure fails, the drive can be unable to correctly update the TDMS.

The next-available PSN of drive calibration zone onlayer L0 field shall specify the first PSN of the next
usable| cluster available for drive calibration procedures in the drive calibration zone on|layer LO. The
initial [value for this field in case of an unused drive calibration zone is 8 x (LAA +(C 2El). If the drive
calibrdtion zone on layer L0 has no free cluster, this field shall be set to FF FF FF FFh

NOTE3 Ifan OPC procedure fails, the drive can be unable to to correctly update the DCZ.

The ngxt available PSN of drive calibration zone on layer L1 field shall specify the first PEN of the next
usable| cluster available for drive calibration procedures in the drive calibration zone dn layer L1. In
case of an SL disk, this field shall be set to 00 00 00 00h. The injtialvalue for this field in case of an
unuse(l drive calibration zone is 8 x (FAA - 4 34h). If the drive calibration zone on layer L1 has no free
clustet, this field shall be set to FF FF FF FFh.

NOTE4 Ifan OPC procedure fails, the drive can be unable to‘eorrectly update the DCZ.

The figst PSN of first cluster of defect list field shall specify the first PSN of the first clustgr of the latest
temporary defect list in the TDMA zone.

The figst PSN of sequential recording range information field shall indicate the PSN of the|first sector of
the latpst sequential recording range information in the TDMA zone.

The dyive ID: manufacturers name/additional ID/unique serial number fields shall unifjuely identify
the dr{ve that has recorded this TDDS_ These 128 bytes shall contain a drive signature acfording to the
follow|ng format (see 18.3.15):

— 4§ bytes manufacturers naine, represented by characters from the ISO 646 charactef set;
— 4§ bytes additional identification, represented by characters from the ISO 646 charagter set;

— 37 bytes unique serial number of the drive.
22.4.5 Temporary defect list (TDFL)

22.4.5.1{ General

The first data frame of the TDFL contains the defect list header followed by a list of defects. The list of
defects shall be terminated by a defect list terminator.

The list of defects is reserved, unless otherwise specified by the BDAP.

22.4.5.2 TDFL data structure

The TDFL data frame shall be composed as shown in Figure 112.
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Byte position
Data frame in data frame Content Number of bytes
0to 63 Defect-list header 64
0 64to71 Defect-list terminator 8
72 to 2047 Set 00h 1976

Figure 112 — Format of temporary defect list

The defect list header (DLH) identifies the defectlist and contains information about the composition of
the list of defdcts (see 22.4.5.3).

The defect list terminator closes the list of defects and shall be written immediately following’thelactual
last entry in the list of defects. The defect list terminator shall be located in the last data-framg of the

TDFL (see 22.4.5.4).

All remaining|bytes following the defect list terminator in the last data frame shallbe set to 00h,

22.4.5.3 Defpct list header

Figure 113 shpws the format of the defect list header.

Data frgme ?nyflzgog};lr?lrel Content Nutr)r}l, l':c)g;‘ of
0 Oto1l DFL.dentifier 2
0 2 DFL format 1
0 3 Reserved 1
0 4to7 DFL-update count 4
0 8to 11 Reserved 4
Reser nl herwi
: 121023 e |12
0 24 to 63 Reserved 40

Figure 113 — Format of defect list header

The DFL identifier shall be set to 44 4Ch, representing the characters “DL".
The DFL formfat field shall be set to 00h, identifying a DFL.

The DFL upddte caunt shall specify the total number of update operations of the defect list. Thjs field
shall be set t¢ 90400 00 00h during the initialization operation and shall be incremented by one each
time the DFL is recorded on the disk.

22.4.5.4 Defect list terminator
The defect list terminator shall be composed of two 4-byte parts:
— the first 4 bytes shall be set FF FF FF FFh;

— the second 4 bytes shall be equal to the TDFL update count in the header of the TDFL (can be used
to check the validity of the defect list).
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22.4.6 Sequential recording range information (SRRI)

22.4.6.1 General

The SRRI structure specifies the recording status for sequential recording mode (SRM). One structure
covers both SL and DL disks. The data structure of the SRRI is described in 22.4.6.2.

22.4.6.2 SRRI data structure

The SRRI structure, consisting of one sector, contains an SRRI header followed by a list of SRR entries.
An SRRI terminator shall terminate the list of SRR entrie.

data Hrarme i data frame Content Number of bytes
0to 63 SRRI header 64
30 64to71 SRR entry 8
72to 79 SRRI terminator 8
80 to 2 047 Set 00h 1968
31 (TDDS)

Figure 114 — Format of SRR1table

The SRRI header identifies the SRRI and contains information about the composition of the list of SRR
entries (see 22.4.6.3).

The SRR entry contains a list of SRRs and their related information (see 22.4.6.4). The nymber of SRRs
is one,|lunless otherwise specified by the BDAR,

The SRRI terminator closes the list of SRR efitries and shall be written immediately following the actual
last enjtry in the list of SRR entries (see 224.6.5).

All rerhaining bytes following the SRRI terminator until the data frame boundary shall bg set to 00h.

22.4.6.3 SRRI header

The SRRI header shall belcomposed as shown in Figure 115.

Relative data Byte position Content Numbef of bytes
frame in data frame
Oto1l SRRI identifier 2
2 SRRI format 1
3 Reserved 1
4107 QRRI-npd;mn count 4
8to11 Reserved 4
20 12to 15 Number of SRR entries 4
16 Number of open SRRs 1
17 to 19 Reserved 3
20 to 21 Open SRR number 2
Reserved unless otherwise
221051 specified by the BDAP 30
52 to 63 Reserved 12

Figure 115 — SRRI header
The SRRI identifier field shall be set to 53 52h, representing the characters “SR”.
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The SRRI format field shall be set to 00h, identifying an SRRI.

The SRRI-update count shall specify the total number of update operations of the SRRI structure. This
field shall be set to 00 00 00 00h during the initialization operation and incremented by one each time
the SRRI structure is updated.

The number of SRR entries shall indicate the total number of SRR entries in the SRRI. The number of
SRRs is one, unless otherwise specified by the BDAP.

The number of open SRRs field shall indicate the number of SRRs with status open. The maximum value
of this field is one, unless otherwise specified by the BDAP. The value of this field shall be set to 00h
after the disk is recorded.

The open SRR number shall indicate all SRR numbers with status open.
22.4.6.4 SRR entry
The SRR entry shall be formatted as shown in Figure 116.
SRR entry consists of 8 bytes and is recorded contiguously.
The bytes of the SRR entry are converted into a 64-bit sequence with the msb first. The list pf SRR
entries shall be sorted in ascending order as if each entry were a single,64-bit unsigned integgr. SRR
numbers shal| be assigned as one unless otherwise specified by the BDAP.
byte 0/blt byte 0/bit 3..0 & byte 4/bit7 | byt&d)/bit 6.4 byte 4 /bit 3..0 and
7.4 byte 1to 3 of SRR entr of'SRR entr byte 5to 7
of SRR enffry of SRR entry y y of SRR entry
bgz .. bep bsg b, b3, bsg .. bag b7 b,
Reservedl | Starting PSN of the SRR | Session‘start Reserved LRA in the SRR
Figure 116 — SRR entry
The starting PSN of the SRR shall specify the first PSN of the first cluster of the SRR and be| set to
00 10 00 00h pnless otherwise specified by the BDAP.
The session start bit shall indicate if this SRR is the first SRR in a session and shall be set to ONE|unless
otherwise sp¢cified by the BDAP.
The LRA in the SRR ¢hall specify the PSN of the last sector in the SRR recorded with data sypplied
by the host fdr an-émpty SRR, the value of this field shall be set to 0 00 00 00h. For an open SRR, the
relation betwgen, NWA and LRA shall be given by Formulae (58) and (59):
If Npga# 000 00 00h;
Nywa = 32 x [floor(Nyga/32) + 1] (58)
If Njra =000 00 00h:
Nywa = Nssrr (59)
where
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Nira isthe address value of LRA;

Nywa is the address value of NWA;

Nggrp is the address value of start PSN of the SRR.

22.4.6.5 SRRI terminator

The SRRI terminator shall be composed of the following two 4-byte parts:

— the first 4 bytes shall be set FF FF FF FFh;

ISO/IEC 30190:2021(E)

— the second 4 bytes shall be equal to the SRRI-update count in the header of the SRRI gtructure.
22.5 Unrecorded (blank) disk structure
22.5.1] General
Some Zones of an unrecorded disk may be pre-recorded before shipment of the disk. The sftatus of zones
on an Yinrecorded (blank) disk is summarized in 22.5.
22.5.2 Pre-recorded areas on unrecorded disk
The arjeas on the unrecorded (blank) disk that are specifiéd in Figure 117 and Figure 118 may be pre-
recorded.
— First PAA Nursber of Pre-recorded
Zpne name | Description phys. o Refergnce
of zone condition
clusters
BCA BCA A\ Y Either? See clalise 35
PIC PIC -0 --- Recorded --
Reserved 8 01 B8 00h 32 Either? See 18.3.2
Reserved 7 01.B8 80h 32 Unrecorded --
Reserved 6 01 B9 00h 32 Unrecorded --
INFO 2 Reserved 5 01 B9 80h 32 Either? See 18.3.5
PAC 2 01 BA 00h 32 Either? See 18.3.6
DMA2 01 BA 80h 32 Unrecorded --
Controldata2 | 01 BB 00h 32 Unrecorded --
Buffer 2 01 BB 80h 32 Unrecorded --
OPC 0 Test zone 01 BC 00h 2 044 Either? See 18.3.10
OPC 0 buffer | 01 DB FOh 4 Unrecorded --
TDMA 0 01 DC 00h 2 048 Either? See 18.3.13
Pre-writearea | 01 FC 00h 32 Either? See 18.3.14
Drive area 01 FC 80h 32 Unrecorded --
INFO 1 Drive area 01 FD 80h 32 Unrecorded ---
Drive area 01 FE 00h 32 Unrecorded ---
DMA 1 01 FE 80h 32 Unrecorded ---
Controldatal | 01 FF 00h 32 Unrecorded ---
PAC 1 01 FF 80h 32 Either? See 18.3.18
(Datazone 0) [ 02 00 00h Unrecorded
2 Either means that the zone may or may not be pre-recorded according to its description.

Figure 117 — Pre-recorded areas of inner zone 0 (lead-in zone)

© ISO/IEC 2021 - All rights reserved

155


https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

D — First PAA Number of Pre-recorded
escription . Reference
of zone phys. clusters condition
(Data zone 1) Unrecorded ---
PAC1 3E 00 00h 32 Either? See 18.4.18
Control data 1 3E 00 80h 32 Unrecorded ---
DMA 1 3E 01 00h 32 Unrecorded ---
INFO 1 Drive area 3E 01 80h 32 Unrecorded ---
Drive area 3E 02 00h 32 Unrecorded ---
Drive area 3E 02 80h 32 Unrecorded ---
Drive area 3E 03 00h 32 Unrecorded ---
Pre-writearea 3E0380h 32 Eitirer= See 184t
Reserved 3E 04 00h 2048 Unrecorded
TDMA 1 --- 3E 24 00h 2048 Unrecorded See184.1%
Buffer 2 3E 44 00h 32 Unrecorded ---
Control data 2 3E 44 80h 32 Unrecorded ---
DMA 2 3E 45 00h 32 Unrecorded
INFO 2 PAC 2 3E 45 80h 32 Either? See 18.4.8
Reserved 5 3E 46 00h 32 Either® See 18.4.7,
Reserved 6 3E 46 80h 32 Unrecorded
Reserved 7 3E 47 00h 32 Unrecorded ---
Reserved 8 3E 47 80h 32 Either? See 18.4.4
Buffer --- 3E 48 00h 1408 Unrecorded ---
OPC1 Test zone 3E 5E 00h 2048 Either? See 18.4.2
Buffer --- 3E 7E 00h 1408 Unrecorded ---
Protection @’_\V
zone 1 O
aEither mpans that the zone may or may not be pre-recorded according to its description.

22.5.3 Pre-r

ecorded BCA

Figure 118 — Pre-recorded areas of the inner zone 1 (lead-out zone)

BCA code maly be recorded opnoet. The BCA code is not recorded, unless otherwise specified |y the

BDAP. The md

22.5.4 Pre-r

When BCA cd
pre-write are

recorded on 4

dulation and fqermat of the BCA code are not specified in this document (see Clause|35).

ecorded INFO 2 /Reserved 5, Reserved 8 and Pre-recorded INFO 1/Pre-write area

de is not recorded on an unrecorded disk, INFO 2/reserved 5, reserved 8 and INFO 1/

a in both inner zone 0 and inner zone 1 are recorded with all 00h. When BCA
nunrecorded r]icl(’ these zones are unrecorded (cnn 18 3 ':' 1847 1832 184 4

ode is
8.3.14

and 18.4.14).

22.5.5 Pre-recorded INFO 1/PAC 1 and Pre-recorded INFO 2 /PAC 2

When BCA code is not recorded on an unrecorded disk, IS1/1S2 PAC structures are recorded in INFO 1/
PAC 1 and INFO 2/PAC 2. When BCA code is recorded on an unrecorded disk, these zones are unrecorded
and IS1/1S2 PAC structures are not recorded (see 21.4).

22.5.6 OPC 0/Test zone and OPC 1/Test zone

When BCA code is not recorded on an unrecorded disk, some clusters in OPC 0 test zone and OPC 1 test
zone may be used to perform OPC to record the pre-recorded zones (see 18.3.10 and 18.4.2).
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TDMA 0

When BCA code is not recorded on an unrecorded disk, zones that specified in Figures 117 and 118 may
be recorded. When some zones are recorded on the unrecorded disk, TDMS in the TDMA 0 is recorded
to specify the following:

Z0

nes are recorded;

— an empty SRR is created from LSN 0;

some OPC clusters are used.

22.5.

BD redordable disks are initialized before use. When a temporary disk management strug
write prea(s) (see 18.3.14 and 18.4.14) are not recorded on an unrecorded disk; these

recor

A new
startir

BD red
by the
Figure

an

an

a
22.6 )

22.6.1
The re
finishe
the dig

The 4]

22.6.2

The st
was fi
to the

TDDS with all relevant information like (see Figure 107).

Tnmitiatizatiomofdisk

ed before recording in the user data area.

ly created TDMS shall have all update count fields set to ZERO. The' TDMS shal
g from the first cluster following the TDMA access Indicators of TDMA 0.

ordable disks may be formatted for the sequential recording\mode, unless othery
BDAP. A newly created a single-cluster TDMS contains_thefollowing elements (3
106):

empty TDFL, containing only a header, no DFL enttiés and a terminator;

Recorded (closed) disk structuré

General

corded disk structure issswimmarized in 22.6. When data recording on an unred
d, the areas of the disk shall be recorded as specified. If all clusters in all TDMAs ha
k shall be considered arecorded disk.

DMA zones of a recerded disk and the DMA access indicator (see 22.3.2) shall be recq

DMA zones

ructufes in the DMA zone describes the exact status of the disk at the moment d

ture and pre-
hreas shall be

be recorded

vise specified
ee 22.4.3 and

SRRI with at least one open SRR (the first SRRI entry shall have the session start bjit set to ONE);

orded disk is
ve been used,

rded (closed).

ata recording
d and written

nished. The SRR status shall be set to closed, the TDMS structures shall be update
PM A ecorded di 2 3 3 ] 3

with all 00h data [see Figure 119).

Other unwritten areas on the disk do not need to be recorded.

Inner zone

be recorded

Outer zone

DMA2] DMA1 Data zone DMA3

DMA4

Figure 119 — Disk management areas

The DMAs 1, 2, 3 and 4 shall be recorded with copies of the information contained in the latest TDMS.
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The DDS in the DMA zones preserves the references to these TDMS.
22.6.3 Disk management structures (DMS)

22.6.3.1 General

A disk management structure (DMS) is made up of a disk definition structure (DDS) and a defect list
(DFL). The DDS is combined in one cluster with an SRRI and shall be repeated for robustness reasons.
The DFL consists of 4 consecutive clusters on an SL disk and 8 consecutive clusters on a DL disk and can
be repeated seven times.

ALy ordadi DAA a d o a

22.4.4, byte 2

d-outerzonefsshatl-gontain
4 of data frame 0 of th¢ DDS).

All four occurgenee e DPMS-recorded-inthe B ores4n
the same infofmation, except for the first PSN of defect list (see

The DMA zonfes shall be updated in the order DMA 1, DMA 2, DMA 3 and DMA 4 for ease of handling
possible powgr-down failures.

22.6.3.2 Disk management structure (DMS) on SL disk

On an SL disk| the DMAs consist of 32 consecutive clusters as indicated in Figure 120.

Tracking direction

Layer LO Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32

Figure 120 — Clusters of DMAs on SL disk

The DDS + SRRI shall be repeatedly recorded in the first 4 clusters of each DMA. The DFL is regorded
in clusters 5 fo 8 of each DMA and may be optionally repeated in clusters 9 to 32 (if no repetition is
applied, clusters 9 to 32 shall contain all 00h) (see Figure 121).

Cluster 1 to 4 DDS +SRRI Four repetitions

Cluster 5to 8 1stposition of DFL DFL

Cluster 9 to 12 2"d position of DFL Optional copy of DFL
or 00h

Cluster 13t016 | 374 position of DFL Optional copy of DFL
or 00h

Optional copy of DFL

th e
Cluster 29 to 32 | 7™ position of DFL or 00h

Figure 121 — Example of DMA zone on SL disk

The first data frame 0 of each of the clusters 1 to 4 is designated as the DDS and shall contain a copy
of the latest TDDS, except for the first PSN of defect list, which address shall be set to the first PSN
of cluster 5, 9 .. or 29 of the DMA zone containing this DDS. The indicated address shall identify the
occurrence of the first full DFL that can be retrieved error free.

Data frames 1 (see 22.4.3) of each of clusters 1 to 4 are designated as the SRRI and shall contain a copy
of the latest SRRI from the TDMS. All remaining data frames 2 to 31 shall contain all 00h.

The DFL, recorded in clusters 5 to 8, shall contain a copy of the latest TDFL, which TDFL shall be padded
with ZERO data up to a length of 4 clusters. The DFL may be repeated for robustness reasons in each
following group of 4 clusters in each DMA.
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On a DL disk, the DMAs consist of 64 clusters divided over the two recording layers as indicated in

Figure 122.
Tracking direction
Layer LO Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32
Layer L1 Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33

Tracking direction

Figure 122 — Clusters of DMAs on DL disk

The DDS + SRRI shall be repeatedly recorded (see Figure 123) in the first 4 clusters of each DMA. The
DFL is|recorded in clusters 9 to 16 of each DMA and may be optionally repeatedin clusters 17 to 64 (if
no repgtition is applied, clusters 17 to 64 shall contain all 00h).

Cluster 1 to 4 DDS + SRRI Fourrepetition

Cluster 5 to 8 Reserved

Cluster 9 to 16 15t position of DFL DEL

Cluster 17 to 24 | 2™ position of DFL Optional copy of DFL
or 00h

Cluster 25 to 32 | 3™ position of DFL Optional copy of DFL
or 00h

Cluster 57 to 64 | 7™ position efDFL gf(t)i&?al copy of DFL

Figure 123 < Example of DMA zone on DL disk

The fifst data frame 0 of each of the clusters 1 to 4 is designated as the DDS and shall gontain a copy
of the [latest TDDS, except for{ the first PSN of defect list, which address shall be set to|the first PSN
of clugter 9, 17 .. or 57 of the.DMA zone containing this DDS. The indicated address shall identify the
occurilence of the first full.DFL that can be retrieved error free.

Data ffames 1 (see 22.4.3) of each of the clusters 1 to 4 is designated as the SRRI and shall contain a
copy of the latest SRRI from the TDMS. All remaining data frames 2 to 31 shall contain allj00h.

The DFL, recerded in clusters 9 to 16, shall contain a copy of the latest TDFL, which
paddefl with,ZERO data up to a length of 8 clusters. The DFL may be repeated for robustn

each fgllowving group of 8 clusters in each DMA zone.

DFL shall be
PSS reasons in

23 Assignment of logica sector numbers (LSNs)

Logical sector numbers shall be assigned contiguously over all clusters available for storage of user
data, starting from LSN 0 and increasing by one for each successive user data frame (see Figure 124).

LSN Ois assigned to the first user data frame in the first cluster after the lead-in zone (at PSN =1 048 576).

The last LSN on layer LO is equal to 8 x LAA + 15 - 1 048 576 and is assigned to the last user data frame
in the last cluster before the outer zone 0 (at PSN = 8 x LAA + 15 = X).

The first LSN on layer L1 shall be one higher than the last LSN on layer L0 and is assigned to the first
user data frame in the first cluster after the outer zone 1 (at PSN =8 x FAA = X+FE 00 00 00h ).
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The last LSN on layer L1 isequal to 16 x LAA + 31 -2 097 152 and is assigned to the last user data frame
in the last cluster before the lead-in zone (at PSN = 01 EF FF FFh).

Inner Outer Outer Inner

radius Layer LO radius  radius Layer L1 radius
Z T
wn
—

User data area
User data area
’§ Lead-in Outer Outer Lead=out
g zone zone 0 ,| zome 1 zone
© 7 [ 11 Y A — >
S PSN
00 10 00 00h X X+ FE00 00 00h 01 EF FF FFh

Figure 124 — Assignment of logical sector numbers

24 Characteristics of grooved areas

The signal v:
otherwise.

ilues specified in Clauses 24 to 27 are valid, for all disk capacities, unless sp

In this documient, the following two types of signals are'distinguished:

— signals gg
— signals ge

In Clauses 25
of the groove;

All requiremd
of other recoi
of the embos

nerated by the groove structures oiithe disk;
nerated by user-written marks:

Lo 27, the signals generated\by the groove structures are defined and specified (the
has been defined in Clause 15).

nts in Clauses 2540:27 shall be fulfilled in all layers independent of the recording
ding layer (whether unrecorded, recorded or partially recorded) from the inner
bed HFM area(s) (start/end of the PIC zone) at nominal radius 22,4 mm up to thg

radius of the guter zone(s)+ 20 um (dp;o/2 + 20 pm). It is recommended that the specifications a

fulfilled in the

25 Method

remairder of the outer zone(s).

oftesting for grooved area

pcified

format

status
radius

inner
e also

25.1 General

The tests shall be performed in the recordable areas. The write and read operations necessary for the

tests shall be

made on the same reference drive.

When measuring the signals, the influence of local defects, such as dust and scratches, are excluded.

Local defects

can cause tracking errors or uncorrectable data (see Clause 34).

25.2 Environment

All signals shall be within their specified ranges if the disk is in its range of allowed environmental

conditions as

160

defined in 8.1.1.
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25.3 Reference drive

25.3.1 General

All signals shall be measured in the appropriate channels of a reference drive as specified in Clause 9
and in Annex H.

25.3.2 Read power

The read power is the optical power, incident on the entrance surface of the disk and only used for
reading the information. The read power shall be as follows:

— (0}35 = 0,1) mW for an SL disk; and
— (0{70 = 0,1) mW for a DL disk.

25.3.3] Read channels

The difive shall have two read channels as defined in 9.5 and 9.6. The HF Signal from the Hf read channel
shall not be equalized, except when measuring jitter (see Annex H for‘detailed specificati¢ns).

For mg¢asurement of the push-pull signals, the radial PP read channels shall be filtered by a first order
LPF with f 345 = 30 kHz.

For mgasurement of the wobble signals, the radial PP read‘¢hannels shall be filtered by a first order LPF

25.3.4 Tracking requirements

During the writing and reading of the signals,‘the axial tracking error between the focus|of the optical
beam find the recording layer shall be: e .;{axial) = 80 nm, and the radial tracking errof between the
focus ¢f the optical beam and the centre 0f the track shall be e, (radial) = 20 nm.

For 4x[and 6x disks, local defects.that cause large axial tracking errors shall be taken ifto account as
descriped in Annex I.

25.3.5] Scanning velocities

The agtual rotation speed of the disk shall be such that it results in an average chanfel bit rate of
66,00( Mbit/s or amaverage wobble frequency of 956,522 kHz.

25.4 Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector a1nd, therefore,
ljnearhy related to the npfir‘n] power Falling on the detector.

Some signals are normalized relative to the total detector current in an unrecorded, grooved area.

This total detector current is referred to as per Formula (60):

IG = (Il + IZ)groove (60)

Push-pull signal

The push-pull signal is the low-pass filtered sinusoidal difference signal (/; - I;) in the radial PP read
channel (see Figure 7), when the focus of the optical beam crosses the tracks. The push-pull signal can
be used by the drive for radial tracking (see Figure 125).
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In general, the difference signal (I; - I;) is normalized relative to the low-pass filtered total detector
current (I; + I,). The peak-to-peak value of this real-time normalized push-pull signal, Vpp, o 1S

defined as per Formula (61):
(11 _12 )attz (11 _12 )attl

L (t)-1, (¢t
VPPnorm :|:11 (t) 12 (t):| = I+ L +] (61)
1 ( )+ 2 ( ) peak.peak ( 1 + 2 )at t2 ( 1 + 2 )at tl

currents
mA)

DetectorT

_/(I1 +1,)
Sum signal

<

1

l

1

(11 - 12) max :

|

1

!

1

0 T
- 1) we S o
Difference signal [ , Radial position

: ! (time)
(11' 12) min : :
On track On track

Figure 125 — Definition of push-pull signals

Wobble signal

The wobble signal, I, is the peakito:peak value of the sinusoidal difference signal (/; - I,)[in the
radial PP read channelplfsee Figure 7), when the focus of the optical beam follows the tracks accpording
to 25.3.4. See plso Annex M and-Antiex E for a measurement method.

The signal shall be normalized by the peak-to-peak value of the push-pull signal (I; - I) ,, to bg, Iyws,
as per Formula (62):

I
Iyws = PP 62)

Ratio between normalized push-pull of the HFM groove area and the wobbled groove area

The ratio between normalized push-pull signals of the HFM groove area and the unrecorded wobbled
groove area, Ry, is defined as Formula (63):

VPPnorm,HFM

R, = 63
HWG = (63)

PPnorm,WG,unrec.
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26 Signals from HFM groove

26.1 Push-pull polarity

The polarity of the push-pull signal is said to be positive if the signal has the same polarity as the push-
pull signal detected from the following pit/groove geometry:

— “on-groove recording” (see 15.2);

— the single pass phase depth of the grooves is less than 90°.

If the polarity is opposite to the polarity of the specified case, it is said to be negative.

The p(l)larity of the push-pull signal on each recording layer of the disk shall be indicat

inform

26.2 ]
The pd

ation (see 15.8.3).

Push-pull signal

ak-to-peak value of the real-time normalized push-pull signal, Vpp; o gy in the e

bd in the disk

mbossed HFM

areas ghall be as per Formula (64):

0,36 < Vppnorm urm < 0,52 (64)
26.3 Wobble signal
The nqrmalized HFM-wobble signal is a measure of.the deviation of the groove track frgm its average
centre|]ine. Due to interference with the wobbles of adjacent tracks, the amplitude of th¢ HFM wobble
signal shows a variation (called wobble beat).

At locd

normalized HFM wobble signal amplitude{Jy,ws, shall be as per Formula (65):

5
0,1
T

At locd

normalized HFM wobble signal shall be as per Formula (66):

INI-

itions where the HFM wobble signal.shows minimum amplitudes due to the wo

itions where the HFM {wobble signal shows maximum amplitudes due to the wo

ws,max < 3 X INHWSin

NOTE
from t

suitablp formeasuring these HFM wobble signals.

Because'the shape of the HFM wobble signal detected in the embossed HFM areas diffe]
e wobhle_signal in the recordable areas, the measurement procedure as described in

bble beat, the

(65)

bble beat, the

(66)

s significantly
Annex E is not

EL£LITRAA -

26.4 }jitterof HFM-sigmat

The binarized wobble signal from the HFM groove represents the embossed HFM information in the
PIC zone. The jitter of the leading edges and the jitter of the trailing edges of this binarized signal shall
be measured separately relative to a PLL clock.

Both the leading-edge jitter and the trailing-edge jitter shall be <4,5 %.
The jitter shall be measured under the following conditions:
— ac coupling (high-pass filter): first order, f 345 = 10 kHz;

— no equalization;

— normalized by 18T clock period (see 15.5.4.2).
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27 Signals

from wobbled groove(s)

27.1 Phase depth

The single-pass phase depth of the groove shall not exceed 90°.

27.2 Push-pull signal

The peak-to-peak value of the real-time normalized push-pull signal, Vpp,, ., shall fulfil in each layer as

per Formulae

(67) to (75):

3 | | Lall i . | - b 1 -1 )
— Inunrecogractarcas (ail NMeIgmooT IITg tractks ulrccoracuy:

— forH
0,21 < Vpy

— for L]
0,21 < Vpy

'L disks;
<0,45

norm,unrec. —

'H disks;
<0,60

norm,unrec.—

— maximunp variation of push-pull signal within 150 tracks in unrecorded areas:

— for S]]

PPnorm,

L disks;

nrec. )max _(VPPnorm,unrec. )

V.
VPPnorm,L

(
(
— forD

(VPPnorm,l

min < 15

+ _
nrec. )max PPnorm,unrec. /pin

|, disks;

nrec. )max _(VPPnorm,unreC. )

min < y18

(v

PPnorm,y

nrec. )max +(VPPnorm,unrec. >min

— maximun variation of push-pull §ignal within one layer in unrecorded areas:

(VPPnorm,l

nrec. )max _(VPPnorm,unrec. )

min < 25

(VPPnorm,L

— inrecord
— forH
0,21 < Vpy

nrec. )max +(VPPnorm,unrec. >min

bd areas (all-neighboring tracks recorded):
'L disks:

orm.rec. s 0’45

— for LTH disks;

0,21 < Vpp

— ratio of average push-pull signals in recorded and unrecorded areas within one layer:

norm,rec. s 0’60

— for HTL disks;

|74
0,75S PPnorm,rec. S1,25

PPnorm,unrec.

— for LTH disks;
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(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)
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VPPnorm,reC.

0,50< <1,0

PPnorm,unrec.

27.3 Wobble signal

27.3.1 General

(75)

The normalized wobble signal is a measure of the deviation of the groove track from its average
centreline. The distance that the actual centre of the wobbled groove track deviates from the average

track centre line can be calculated according to the information in Annex M.

27.3.2| Measurement of Iy

Due td interference with the wobbles of adjacent tracks, the amplitude of the sobble s
variation (called wobble beat). The wobble signals shall be measured in an‘unrecord
continpously tracking the spiral groove. A measurement procedure shall follow Annex E.

At locg
the no

tions where the wobble signal shows minimum amplitudes (excluding the effects o
Fmalized wobble signal shall be as per Formula (76):

0,40 < Iyws,min < 0,55

At locptions where the wobble signal shows maximum’ amplitudes due to the woh
normalized wobble signal shall be as per Formula (77):

INWs,max < 3 % INws,min

27.3.3| Measurement of wobble CNR

The n4§
velocif]
signal

irrow band S/N (or CNR) of the Wobble signal after recording, at minimum and
ies of the disk as defined in 1583, shall be greater than 26 dB at the locations whe
shows minimum amplitudes;

The c3
Annex

rrier shall be measuredvat 956,5 kHz, and the noise level shall be measured at
E for detailed specifications).

27.3.4 Measurement-of harmonic distortion of wobble

To guarantee aminimum quality of the HMW modulation, the second harmonic distortion|
signal|shall be-sufficiently low compared to the second harmonic level originating fr
modulptiofi.

The se A et 8 : 2 :
by measuring the fundamental wobble frequency level and the second har

I

monic
locations of the disk. Both levels shall be measured in the data zone and in protection zon

gnal shows a
bd area while

f MSK marks),

(76)

ble beat, the

(77)

he maximum
re the wobble

500 kHz (see

of the wobble
bm the HMW

e determined

. A Cl
frequency level at two

e 3.

The ratio of the Lgy, and Ly, normalized to the local fundamental wobble frequency level, shall meet

one of the following requirements:
—  Lgyp/Lsyy, < -12 dB with zero radial tilt;

— LSHD/LSHL < _6 dB Wlthln i0,700 Of I'adlal tllt.

The measurements shall be made using a spectrum analyzer (see Annex E for detailed specifications).
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27.4 HFM and wobbled groove transition requirements for LTH disks

For LTH disks, to guarantee a minimum quality of groove tracking of the HFM groove and the wobbled
groove areas, the ratio of the normalized push-pull signals of the HFM groove and the unrecorded
wobbled groove areas, Ry, shall fulfil Formula (78):

Rywe = 0,50 (78)

28 Characteristics of recording layer

The Signa] values cpnr‘ifipr] in Clauses 28 to 31 are valid for gll disk capacities, unless cpacified
otherwise.

In this documfent, two types of signals are distinguished as follows:
— signals g¢nerated by groove structures on the disk; and
— signals g¢gnerated by user-written marks.

Clauses 29 to|31 specify a series of tests to assess the recording properties‘of the recording lgyer, as
used for writing data.

All requiremgnts in Clauses 29 to 31 shall be fulfilled in all layers independent of the recording|status
of other recording layer (whether unrecorded, recorded or partially recorded) from the inner|radius
of the recordpble area (start/end of the INFO/OPC zone) at neminal radius 23,2 mm up to the¢ inner
radius of the guter zone(s) + 20 um (dpyo/2 + 20 pm). It is recommended that the specifications afe also
fulfilled in th¢ remainder of the outer zone(s).

29 Method of testing for recording layer

29.1 General

The tests shall be performed in the recordable areas. The write and read operations necessary for the
tests shall be made on the same refererice drive.

When measuring the signals, thetinfluence of local defects, such as dust and scratches, are ex¢luded.
Local defects [can cause tracking\errors or uncorrectable data (see Clause 33).

29.2 Environment

All signals shihll be_within their specified ranges if the disk is in its range of allowed environpnental
conditions as|defified in 8.1.1.

29.3 Reference drive

29.3.1 General

All signals shall be measured in the appropriate channels of a reference drive as specified in Clause 9
and in Annex H.

29.3.2 Read power

The read power is the optical power, incident on the entrance surface of the disk and only used for
reading the information. The read power shall be as follows:

— (0,35 £0,1) mW for an SL disk; and
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— (0,70 £ 0,1) mW for a DL disk.

29.3.3

Read channels

The drive shall have two read channels as defined in 9.5 and 9.6. The HF signal from the HF read channel
shall not be equalized, except when measuring jitter (see Annex H for detailed specifications).

29.3.4 Tracking requirements

During the writing and reading of the signals, the axial tracking error between the focus of the optical
beam and the recording layer shall be maximum 55 nm for 2x disks, maximum 80 nm for 4x disks and

for 6x

be maj

The ra
maxin

For 4x
descri

29.3.5

Write

During
bit rat

294 )

29.4.1

Marks
one of
multi-

The la
on the

— th
— th
— th

daclec ot o dis s b0 D6 iy Do o Aiclec ot o dis Q0 sy o d haghay tho a1l v ol
ToICS Tt Tt a P tO— 50T T OT OxX OroIo ot T ot OO ot g ettt acis

kimum 80 nm or maximum 110 nm if the disk meets the jitter performance.

dial tracking error between the focus of the optical beam and the centre‘of the
um 16 nm for 2x disks, maximum 20 nm for 4x disks and 6x disks.

and 6x disks, local defects that cause large axial tracking errors shall be taken iy
bed in Annex I.

Scanning velocities

F reading, the actual rotation speed of the disk shall’be such, that it results in an av
e of 66,000 Mbit/s or an average wobble frequency of 956,522 kHz.

Write conditions

Write pulse waveform

and spaces are written on the‘disk by pulsing a laser. The laser power is modulate
the write pulse waveformsgiven in Annex F. A 2T to 9T NRZI run length is written|
bulse train of write pulses:

Ker power during recording has the following four levels, which are the optical pg
entrance surface/of the disk:

e write-peak power, Pyy;
e bias-write power Pgy, or the middle power, Py;

P space power, Pg;

ng error shall

frack shall be

to account as

fests shall be carried out at the velocities defined in theiDIFunits that are present on the disk (see
15.8.3).

prage channel

| according to
by applying a

wers incident

— th

Marks are created by the write-peak power, Py, spaces are created by the space power, Ps.

The values of Py, Py, Ps, Py; and P shall be optimized according to the procedure in Annex G.

The actual powers Py, Pgyw, Ps, Py and P for testing shall be within 5 % of their optimum values,
where Pgy, P¢, Py and Pg shall be proportional to Py, according to the ratios, ¢, as specified in the disk
information (see 15.8.3).

29.4.2

Write powers

The optimized write powers Py, Pgwo » Psor Pyo and Pgqg shall meet the conditions as shown in
Figure 126.
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Media type High-to-low (HTL) disks Low-to-high (LTH) disks
L SL DL SL DL
Velocity ayer
Power . . . .
Min. Max. Min. Max. Min. Max. Min Max
(mW)
Py (mW) 3,0 6,0 6,0 12,0 3,0 6,0
1x Pgwo (mW) 0,10 4,0 0,10 8,0 0,10 4,0
Py, (mW) 0,30 4,0 0,60 8,0 0,30 4,0
Py (mW) 0,10 4,0 0,10 8,0 0,10 4,0
Py (mW) 3,0 7,0 6,0 14,0 3,0 7,0
PovefmW) | 010 70 010 140 010 70 -
2x Py, (mW) 0,30 5,4 0,60 10,8 0,30 5,4 S
Py (mW) 0,10 5,4 0,10 10,8 0,10 5,4 --
Pyo (mW)?2 1,50 7,0 3,0 14,0 --
Py (mW) 4,0 10,5 7,0 18,0 4,0 10,5 --
Ppyo (MW) - - - T - T T -
4x Py, (mW) 0,30 5,4 0,60 10,8 0,30 54 --
Py (mW) 0,10 5,4 0,10 10,8 0,10 54 --
Pyo (mW) 2,0 10,5 3,50 18,0 2,0 10,5 --
Py (mW) 5,0 14,0 8,5 22,0 50 14,0 --
Ppyo (MW) - o T - o T - -
6x Py, (mW) 0,3 7,2 0,6 13,2 0,3 7,2 --
Py (mW) 0,1 7,2 0,1 13,2 0,1 7,2 --
Pyo (mW) 2,5 14,0 4,2 22,0 2,5 14,0 --
20nly when castle strategy is applied.
Figure 126 — Write power requirements.for single and/or dual layer LTH and HTL disgk
In addition tofthe conditions shown in Figure 126, the write powers shall be such that:
— atlxV.k Py >Pgq 2 Pcg and Pgg = Pryyo;
— at2x V}: Pwo > Pso = Pcg and Py 2 Pgyos
— at4xV. and 6 x V 4 Pywo = Pyo > Pgg 2 P
29.4.3 Write conditions for jitter measurement
The test for jiftér shall be carried out on any group of five adjacent tracks, designated (m-2), (m-1), m,
2l dalal £l

(m+1), (m+2) i

The five tracks are recorded with random data with a write power Py, = Py as specified in 29.4.1. To
measure the jitter, all five tracks are written with random data with a write power Py = Pyy.

29.5 Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector and, therefore,
linearly related to the optical power falling on the detector.

Jitter

Jitter is the standard deviation, o, of the time variations of the transitions in the binary read signal. This
binary read signal is obtained by feeding the HF signal from the HF read channel through an equalizer,
an LPF and a slicer (see Annex H for detailed specifications). The jitter of the leading edges and the jitter
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of the trailing edges is measured separately relative to a PLL clock and normalized by the channel bit
clock period.

30 Signals from recorded areas

30.1 HF signals

The HF signal is obtained by summing the currents of the four elements of the photodetector. These
currents get modulated by the different reflectivity of the marks and spaces representing the
information on the recording layer (see Figure 127).

30.2 */lodulated amplitude

The mpdulated amplitude /g, is the peak-to-peak value of the HF signal generated by th¢ largest mark
and space lengths. The peak value Igy, is the peak value of the HF signal before ag€oupling.

The mpdulated amplitude I, is the peak-to-peak value of the HF signal generated by the $mallest mark
and space lengths. The 0 level is the signal level obtained from the measuring device when no disk is
inserted.

NOTE In the sync patterns, run lengths of 9T do occur. However, the Tecurrence of these 9Ts fis very low and
therefdre their influence on the HF peak-to-peak signal is negligible;

Igy = Itop

JAYAYAVAVAVAVAVAVAU '8
QV VaVaVaVAV.
Y é YRYAY.

| é BOEOOHOH

8pp = \r2pp

N \/ b \/ »
RV V.P.P.9.9.9.9.9.

\\,//A\,//x\\,A
T
= ==

IZL

a——
= _—==——==——=

I Iy
\ 4 0 level A

Figure 127 — Schematic representation of HF signal from marks and spa¢es

Because the I, is a relatively small signal, its amplitude can not be determined reliably from a random
HF signal. Therefore, it is recommended to record an area with consecutive 2T marks and spaces only
and to record an area with consecutive 8T marks and spaces only. The signals can now be measured
accurately with appropriate measuring equipment.

The modulation signals shall be as per Formulae (79) to (81):

Igpp/Igi 2 0,40 (79)

Ispp/lgpp = 0,25 (80)
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L pp/Igpp 2 0,040 for disks with a capacity of 25,0 GB and 50,0 GB (81)

The variations of the modulation signals shall be as per Formulae (82) and (83):

(Igtmax ~ Istmin)/IsHmax < 0,33 within one layer (continuously recorded) (82)
(Igtimax — Istmin)/Isimax < 0,15 within one revolution (continuously recorded) (83)

For DL disks, the ratio between the modulation signals on layer LO and layer L1 shall be as per

Formula (84):

= 0,25 < (lgy 1o ~ gy 1) / Ugy Lo + Ign L) < + 0,25 (continuously recorded) (84)

where Igy | o and Igy 1 are measured at the same position, both in radial and in tangential directjon.

30.3 Reflectivity modulation product

The reflectivity of the disk multiplied by the modulation (= normalized Ig,, middulated amplitud¢) shall
be as per Forthulae (85) to (87) (see Annex B for a detailed definition):

— for SL HTLL disks:

I
RxM=Rgl, x| 222 | with 0,050 <R x M < 0,15 (85)
18H
— for SL LTH disks:
0,060 <R x M < 0,18 (86)
— for DL digks:
18
RxM=Rgl; x| —2 | with 0,016 <R’x M < 0,048 (87)
8H

The reflectivity of the disk multiplied by the I, resolution (= normalized I,,, modulated amplitude)
shall be as per Formulae (88)-and (89):

— for SL disks with capagity of 25,0 GB:

Lapp >
RX I, =Rgl; X Tl RxI, 20,0036 (88)
8H
— for DL disks with capacity of 50,0 GB:
Rxl, =R x| 22 | Rxr, > 0,0012 89
X 2= SHX I_ , KX 2 =Y, ( )
8H

30.4 Asymmetry
The HF signal asymmetry shall fulfil Formula (90):

Ign+lg, L+l

~0,10<| — 2 Z__ |<+0,15 (90)

18pp
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30.5 Jitter

The tracks on which the jitter is to be measured, shall be recorded as specified in 29.4.3.

The jitter shall be measured on the centre track m of the five recorded tracks at the reference velocity.

Both the leading-edge jitter and the trailing-edge jitter in track m (measured separately) shall fulfil the
following requirements.

On an SL disk and on layer LO of a DL disk, for all disks, independent on capacity:

— <7,0 % when measured using the circuit specified in Annex H and this circuit set to limit-equalizer

3

nde: and

NOTE
only th

,5 % when measured using the circuit specified in Annex H and this circuit set to

basurement.
br 1.1 of a DL disk, for all disks, independent on capacity:

,5 % when measured using the circuit specified in Annex H andr-this circuit set to 1
bde; and

,5 % when measured using the circuit specified in Annex¥’and this circuit set to |

pasurement.

mit-equalizer

bde, and the edges that are adjacent to a 2T mark or a 2T space are not includef in the jitter

mit-equalizer

mit-equalizer

bde, and the edges that are adjacent to a 2T mark or-a.2T space are not includef in the jitter

Not including edges that are adjacent to a 2T ma%k or a 2T space means that in the jitte} measurement
pse edges are taken into account that are in betwéen an nT mark/space and an mT space/mark, with both
nz3apdmz3.

30.6 Read stability
Up to 106 successive reads from a single-track with a dc read power as indicated in Figure|128. The disk
shall remain within all specifications in the operating environment.
Higherf dc read powers shall besapplied when specified in DI bytes 36 to 39 (see 15.8.3.3, 15.8.3.4 and
15.8.3]5).
2x disks 4x disks 6x disks

Read velocity! SL DL SL DL SL DL

1x 040mW | 0,70 mW | 0,40 mW | 0,70 mW | 0,40 mW | 0,70 mW

2x 0,45mW | 0,80 mW | 0,45mW | 0,80 mW | 0,45 mW 0,8¢ mW

4x 0,70 mW [ 1,30 mW | 0,70 mW | 1,30 mW

6% 0,70 mW | 1,30 mW

Up to 10° successive reads from a single track with an HF-modulated read power as indicated in

Figure 128 — Read power values for dc read stability testing

Figure 129. The disk shall remain within all specifications in the operating environment.

Higher HF read powers shall be applied when specified in DI byes 40 to 43 (see 15.8.3.3, 15.8.3.4 and

15.8.3.5).

© ISO/IEC 2021 - All rights reserved



https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

2x disks 4x disks 6x disks
Read velocity SL DL SL DL SL DL
1x 0,30 mW | 0,60mW | 0,30 mW | 0,60 mW | 0,30 mW | 0,60 mW
2X 0,35mW | 0,70mW | 0,35mW | 0,70 mW | 0,35 mW | 0,70 mW
4x 0,60 mwW | 1,20 mW | 0,60 mW | 1,20 mW
6X 0,60 mW | 1,20 mW

Figure 129 — Read power values for HF read stability testing

The modulatiprshewtd-fuli-the-felowing{see FKigure 1363

— modulatipn frequency (= 1/Tyg jaser) (400 + 40) MHz;

— pulse widith (300 = 30) ps;

70+0,7at1x V. pand 2 x V,¢;

— ratio of peak power and average power
4,5+0,5at4 x V. rand 6 x V.5

— bottom l¢vel between peaks flat.

>
2
2 Peak
o THF-laser
=
=
oo
-
Pulse width
(FWHM)
Average
time

Figare 130 — Schematic representation of light pulses from Laser Diode

Additionally, the SER (see 34.1) shall be <4,2 x 10-3 in any LDC block.
[Equivalent to <317 counts (= 4,2 x 1073 x 75 392 bytes)].

31 Local defects

Defects on the recording layer or in the transmission stack, such as “air bubbles” or “black dots” (such
as dust enclosures in the transmission stack or pin holes in the reflective layer) shall not cause any
unintended track jumping or uncorrectable errors (see also 33.4 and Clause 34).

The size of such defects shall be as follows:
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— air bubbles: <100 pm;
— black dots with birefringence: <150 pum; and

— black dots without birefringence: <150 pm.

32 Characteristics of user data

Clauses 32 to 34 describe a series of measurements to test conformance of the user data on the disk
with this document. They check the legibility of user-written data. The data is assumed to be arbitrary.

User-WTitten data can nave been written Dy any dT1VE at ally Speed 1t any operating envijonment.

33 Miethod of testing for user data

33.1 Gzeneral
The repd tests described in Clauses 32 to 34 shall be performed on the reference drive.

Wherdas, Clauses 24 to 30 disregard local defects, Clauses 32 to)34 includes them a$ unavoidable
deteri¢ration of the read signals. The gravity of a defect is determined by the correctability of the
ensuing errors by the error detection and correction circuitin the read channel defin¢d below. The
requirements in Clauses 32 to 34 define a minimum quality of the data, necessary for data interchange.

33.2 Environment

All signals shall be within their specified ranges, if the disk is in its range of allowed gnvironmental
conditjons as defined in 8.1.1.

33.3 Reference drive

33.3.1] General

All sighals shall be measured in'the appropriate channels of a reference drive as specified in Clause 9.

33.3.2] Read power

The rdad power is:the optical power, incident on the entrance surface of the disk and |only used for
readinfg the infermation. The read power shall be (0,35 * 0,1) mW for an SL disk and (0,70[% 0,1) mW for
a DL djsk.

33.3.3| ‘Read channels

The drive shall have two read channels as defined in 9.5 and 9.6.

The HF signal from the HF read channel shall be equalized and filtered before processing. The threshold
level for converting an HF signal into a binary read signal shall be controlled to minimize the effects of
mark and space size changes, due to parameter variations during writing. For measurement of disk
quality, the characteristics of the equalizer, filter and slicer, as well as the characteristics of the PLL
shall be the same as specified in Annex H (limit equalizer) for the jitter measurement.

33.3.4 Error correction

Correction of errors in the data bytes shall be carried out by an error detection and correction system
based on the definitions in Clause 13.
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33.3.5 Tracking requirements

During the measurement of the signals, the axial tracking error between the focus of the optical beam
and the recording layer shall be maximum 80 nm, and the radial tracking error between the focus of
the optical beam and the centre of the track shall be maximum 20 nm.

For 4x and 6x disks, local defects that cause large axial tracking errors shall be taken into account as
described in Annex I.

33.3.6 Scanning velocities

The actual rotation speed of the disk shall be such that it results in an average channel bit rate of

66,000 Mbit/!

33.4 Error
Byte error

Abyte errorg
detection and

Burst error

A burst erron
between any |
sequence as t

The length of

or an average wobble frequency of 956,522 kHz.

ignals

ccurs when one or more bits in a byte have a wrong value, as deteeted by the relate
or correction circuits.

is defined to be a sequence of bytes where there are-not more than two correcf
wo erroneous bytes. For determining burst errors,the bytes shall be ordered in th
ney were recorded on the disk (see 13.1 and 13.8);

that is separated by at least three correct bytes from the\ast preceding erroneous byte, until t

erroneous byt

The number d
not correct (s

e thatis separated by at least three correctbytes from the first succeeding erroneoy

f erroneous bytes in a burst is defined as the actual number of bytes in that burst t
pe example in Figure 131).

Symbol erro

X|fclclc|lx]|x|c|e|x|[c|[x]|]x]|x|[c]|]c]|c c | x
<—bupstlength =9 bytes ——
number of erroneous bytes in burst = 6
c = correct byte, X = erroneous byte
Figure 131 — Example of burst error
" rate

| error

bytes
P same

h burst error is defined as the total number of bytes counting from the first erroneoys byte

he last
s byte.

hat are

The symbol e

'rorrate (SER) averaged over N LDC blocks is defined as the total number of all err¢neous

bytes in the selected LDC blocks divided by the total number of bytes in those LDC blocks as per

Formula (91):

N
2t

a,

i

N x 75392

where

E

a,i

N

is the number of all erroneous bytes in LDC block i;

is the number of LDC blocks.

Random symbol error rate

174

(91
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The random symbol error rate is defined as the symbol error rate where all erroneous bytes contained
in burst errors of length 240 bytes are counted neither in the numerator nor in the denominator of the
SER calculation as per Formula (92):

N
2 i (i —Bv)

N
N x 75392-) Eb ;
i=1 D/l

(92)

where

E ; is the number of all erroneous bytes in LDC block i;

E

; is the number of all erroneous bytes in burst errors 240 bytes in LDC block i;

is the number of LDC blocks.

34 Mjinimum quality of recorded information

34.1 $ymbol error rate

When [checking the quality of the disk, including defects, the area’selecting for determjning the SER
shall be written with arbitrary user data. The SER shall fulfil thé-requirements as specifi¢d in 34.1.

Qualitly of continuously and discontinuously written sequences

SER averaged over any 10 000 consecutive LDC blocks shall be <2,0 x 10-4, with|the condition
that alll blocks are recorded in a continuously writteén sequence (see Figure 47), and the [condition in a
inuously written sequence (see Figure 46} excluding disk defects.

34.2 Maximum burst errors

In each recording unit block, the number of burst errors with length 240 bytes shall be l¢ss than 8 and
the sum of the lengths of these burst errors shall be <600 bytes.

34.3 User-written data

User-written data in a pecording unit block (RUB) as read in the HF read channel shall n¢t contain any
byte errors that cann0tbe corrected by the error correction system defined in Clause 13.

35 BCA
The zgnebetween r; and r5 is reserved for use as a burst-cutting area (BCA). (see 15.2 anfl Figure 54).
The Bzms all be used to add Information to the disK alter completion ol the manufacturing process.

The BCA code can be written by a high-power laser system in the case of recordable disks.

All information in the BCA code shall be written in CAV mode, where every revolution has exactly the
same content, which shall be radial aligned (see Figure 132).

The BCA code shall be located between radius 21,39'(?3 mm and radius 22,03%’2 mm on layer LO. (the
BCA code is allowed to overlap the protection zone 1 partially).

No BCA code shall be written on layer L1, but some effect of writing the BCA code on layer LO can be
visible on layer L1.

The BCA code shall be written as a series of low-reflectance stripes arranged in circumferential
direction. Each of the stripes shall extend fully across the BCA in the radial direction.

© ISO/IEC 2021 - All rights reserved 175


https://iecnorm.com/api/?name=38337045aca4634354c3e5f684664e40

ISO/IEC 30190:2021(E)

The information in the BCA code can be read by a drive at any radius between radius 21,3 mm and
radius 22,0 mm on layer LO.

The decision to record BCA code is BDAP-dependent. BCA code shall not be recorded in the BCA, unless
otherwise specified by the BDAP. The format and the content of the BCA code is defined by agreement
between the interchange parties.

burst-cutting area

BCA-code

Figure 132 —(Schematic representation of BCA
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Annex A
(normative)

Thickness of transmission stacks in case of multiple layers

A.1 General

In cas
detern

— th
— th
—  lef

Then,

oS

A2 ]
The re
1,4

A3

The re

Ry

The re
follow

e the total transmission stack consists of k layers, the following procedure shall
n1ining the thickness of the individual layers as follows:

e values d; .. d; represent the thicknesses of layers 1.. k;

e values n; .. nj represent the refractive indices of layers 1 .. k;

D(n) be the nominal thickness at refractive index n according to Figure 19.
he thickness d|, of layer k should be as per Formula (A.1):

=D(n, )x[l—i DEI;I ) ]

i=1 i

1

Refractive index n; of all layers in cever layer and spacer layer

fractive index, n; of each layer in the coyérlayer and spacer layer shall be as per Fol

5<n,<1,70

Thickness variation of transmission stack

ative thickness of thetransmission stack, j, Ry ;, is defined as per Formula (A.3):
k
d.
— 1
=200

lative thickness, Ry, of the transmission stacks, measured over the whole disk, 5
ng requirements.

a) TH

be applied in

(A1)

'mula (A.2):
(A.2)

(A.3)

hall fulfil the

exelative thickness, R, of the transmission stack TS0 shall be as per Formula (A.

95

<100 x Ry < 105

(A4)

b) The relative thickness, Ry, of the transmission stack TS1 shall be as per Formula (A.5):

70

NOTE
case of

©150/1

<75 x Ry, <80

(A.5)

The thickness of the recording layer is very thin and negligible in the calculation of the thickness in

type DL/HTL disk.
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A.4 Example of thickness calculation for SL

Assume a cover sheet with refractive index n; = 1,70 and a nominal thickness of 75 pm is attached to
the substrate by a gluing sheet with a refractive index n, = 1,45.

From Figure 19, we can find: D(n;) = 102,4 and D(n,) = 98,5.
From Formulae (A.1) and (A.2), d,, in um, is calculated with Formula (A.6):
75

d2=98,5><(1—1 4j=26,356 (A.6)

)
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Annex B
(normative)

Measurement of reflectivity

B.1 General

The re

follows:

— fo

The re
knowr

When
disk, H
the lig
Becau
to detq

B.2 |

A good
with a
Figure

flectivity of a disk can be measured in several ways. The two most common /m

rallel method; and
rused method.

flectivity of the disk is measured by the focused method with thehelp of a referg
reflectivity, while the reflectivity of the reference disk is calibrated by the paralle

. falls onto the photodetector. The reflected light coming from the front surface g
ht coming from the parasitic reflectance’s inside the disk mainly falls outside the g

rmine the main reflectance from the reflective layer.

Calibration method

reference disk free of birefringence;shall be chosen, for instance with a 0,1 mm gl
golden reflective mirror. This reference disk shall be measured by a parallel bear]
[B.1.

bthods are as

nce disk with
method.

measuring the reflectivity in the focused way, only the lightveturned by the reflective layer of the

f the disk and
hotodetector.

e in the parallel method only the “total” reflectancé; R, can be measured, a calculafion is needed

ss cover layer
h as shown in
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R/ ,to
detector
IB
. —>
incident (
beam N

Key
R reflectivity of the recording layer (including the double pass transmission stack transmission);
r  reflectivity of the entrance surface;

R,¢ reflectivity as measured by the focussed beam (is by definition =R, / I);
Iz incident bgam;
R, reflectancg¢ caused by the reflectivity of the entrance surface;

n main reflegtance caused by the reflectivity of the recording layer
int reflectanc¢ caused by the internal reflectance’s between theentrance surface and the recording layer;
R,, measured yalue (Rs + Ry, + Riy)-

Figure B.1 — Reflectivity calibration

The reflectivity of the entrance surface is\defined by Formula (B.1):
D
n+1

where n is thg index of refraétion of the cover layer.

The main reflectance Rg/='R,, - R; -R;, leads to Formula (B.2):

R
i {(1—1‘)2 x(%—r ﬂ
Rrp == ; (B.2)
B { 1—r><(2—%} ‘
B

The reference disk shall be measured on a reference drive. The total detector current (the sum of all
four quadrants = I, ;) obtained from the reference disk and measured 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 recording layer and the double pass transmission stack transmission, independently from the
reflectivity of the entrance surface.

B.3 Measuring method

Reflectivity in unrecorded, virgin recordable areas
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A method of measuring the reflectivity using the reference drive.

a) Measure the total detector current (I; + I;) ¢ from the reference disk with calibrated reflectivity R

b) Measure the total detector current (/; + I,); from a groove track in an area of the disk under
investigation where the groove track and the two adjacent tracks on each side of the groove track

ne

c) Calculate the unrecorded virgin disk reflectivity, R

ver have been recorded.

gv

with Formula (B.3):

R

_ (11 +12 )G P

in the groove tracks of the recordable area

(B.3)

8

Refled

A method of measuring the reflectivity using the reference drive.

a M
b) M
th

th
Anl

c) Cdlculate the recorded disk reflectivity Rgy in the\groove tracks of the recorda
Fdrmula (B.4):
I
Rl —__‘eH
8H ref

A\ (11 +12 )ref rer

tivity in recorded recordable areas

pasure the total detector current (I; +I;),.¢ from the reference disk withcalibrated re|

pasure Igy from a recorded groove track in an area of the disk dirider investigation

e two adjacent tracks on each side of the groove track alsonhave been recorded,
e tracks shall be done using the optimum powers as detepmined from the OPC 4
inex G for the detailed procedure).

flectivity, R..;.

where at least
Recording of
lgorithm (see

ble area with

(B-4)
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Annex C
(normative)

Measurement of scratch resistance of cover layer

C.1 General

The entrance
coating.

C.2 Taber

The following
surface of the

Two wheels ¢
Figure C.1).

surface of the disk has sufficient scratch resistance, which can be improved by a protective

abrasion test

b so-called taber abrasion test verifies whether the scratch resistance of the entrance
disk is sufficient.

bvered with abrasive material are applied to the disk under(test with a specified load (see

Rotation elaxis of disk

Rotation axis
O\ , \Qf wheels

S
.

Rotatio
directioTu
of disk

/

Line through
“~~.__centre of disk

..
.~

Projectionof ~ '~
rotation axis of wheels

Figure C.1 — Typical abrasive test setup

Conditions for the test

The test setup shall be according to ISO 9352 with the following details:
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— type of wheels: CS10F;
— load applied to each wheel: 2,5N;
— number of revolutions: 5.

The abrasion test shall be applied before the necessary recordings are made.

Results after test

The jitter measured on layer LO after equalization as specified in Annex H, with the circuit set to limit-
equalizer mode, shall be <10 %.

Treat)
Treatn

Before
refaciy

— €4

— wi

ment of the abrasive wheels
ent of the abrasive wheels should be based on ASTM D1044[11.

performing a taber abrasion test, each time both abrasive wheels should’be reface
g stone as follows:

'w wheels shall be refaced for 100 cycles; and

neels that have been used before shall be refaced for 25 cycles)
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