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Foreword

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

tion

In March 2002, the Blu-ray Disc Founders, or BDF, came together to create optical disk formats with the
large capacity and high-speed transfer rates that would be needed for recording and reproducing of
high-definition video content. The first edition of Blu-ray DiscT™ Rewritable Format Part 1 Version 1.0

was issued in

June 2002 (capacity 23 GB with catridge).

The BDA issued Version 2.1 of the Blu-ray Disc™ Rewritable Format Part1 in October 2005 and Version

3.0 in June of

2010 (capacity 25 GB and 50 GB without cartridge).

To keep the compatibility of the removable medium in the market, just to make a standard is not enough,

and it is nece;s

verification a

Asia, Europe ¢

Blu-ray™ dis
all over the wi

was known, d
entities and t

the BDA was

enable the ind

test methods

October 2011

basic physica

In December

They are 12(
Recordablee dlisks, 120 mm Single Layer (25,0 Gbytes per-disk) and Dual Layer (50,0 Gbytes pe

BD Rewritabl

per disk) BD R

A few additio
such as the B
disks. These

protection sy

The

ISO and IEC t4

The holder of

reasonable an

respect, the s

Internat
Commission (
involve the ug

Ctivities for both disks and devices and has established more than 10 testing£en
ind the USA.

ks, players, recorders and PC drives/software based on BDA standardshecame p
brld. The BDA gave consumer applications the highest priority in the first few yearg
f course, that international standardization would be required before’many gover
heir contractors would be allowed to use Blu-ray Disc™. In Januapy and February
formally requested to consider international standardization:Fhe reason for this
lusion of writable BDs, along with DVDs and CDs, in an Intefnational Standard spe
for the estimation of lifetime of optical storage media“for long-term data stor

the BDA responded that it had decided to pursue international standardization
formats for the Recordable and Rewritable Blu-rayDisc™.

2011, the BDA sent project proposals for interhational standardization of four fo
mm Single Layer (25,0 Gbytes per disk) and Dual Layer (50,0 Gbytes per di

e disks, 120 mm Triple Layer (100,0 Ghytes per disk) and Quadruple Layer (128,0
Yecordable disks and 120 mm Triple Layeér (100,0 Gbytes per disk) BD Rewritable d

hal specifications are required in\order to write and read video recording applic
DMV and BDAV formats, which(ave been specified by the BDA for use on BD recq

stem, are required for the.disk, the generating system and the receiving system?.

ional Organization, fer Standardization (ISO) and International Electroted
[EC) draw attention:to the fact that it is claimed that compliance with this docume
e of a patent.

ke no position concerning the evidence, validity and scope of this patent right.

this patent right has assured ISO and IEC that he/she is willing to negotiate licences
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opular
. Butit
nment

2011,
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of the

rmats.
5k) BD
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bytes
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ations,
rdable

bpecifications, which are related to the BD application, the file system and the c¢ntent-

hnical
ht may

under

d nénsdiscriminatory terms and conditions with applicants throughout the world.

In this

atement of the holder of this patent right is registered with ISO and IEC. Informati¢n may

be obtained from the patent database available at WWw.iS0.0rg/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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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 Rewritable disk

1 Srnpp

This d
optica
unrec

interclhange by means of such disks. User data can be written, read and overwritten many

revers
This d
— W
en

m

dgta processing systems;

fo
er

ch

d4qta from the disk.

This d
and fil

2 N

The fo
consti
undatse

cojnditions for conformance;

pcument specifies the mechanical, physical and optical characteristics of a 120/n
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

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

o related but different types of this disk;

vironments in which the disk is to be operated and stored;

pchanical and physical characteristics of the disk, which allow mechanical interch

‘mat of the information on the disk, including the physical disposition of the tracks
For-correcting codes and coding nmiethod used;

aracteristics of the signals rec¢orded on the disk, which enable data processing sy

e structure, it provides for full data interchange between data processing systems.

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

m rewritable
recorded and
r information
times using a

hnge between

and sectors;

stems to read

bcument provides for interchange of disks between drives. Together with a standard for volume

their content
d applies. For
ents) applies.

ISO/IE
1SO 93

C 646, Information technology — ISO 7-bit coded character set for information interc

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

hange

IS0 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, Environment testing — Part 2-2: Tests — Test B: Dry heat

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

IEC 60

©150/1

950-1, Information technology equipment — Safety — Part 1: General requirements
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3 Terms and definitions

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

4 Symbol and abbreviated terms

|1 data

ac altgrnating current Isb least significant bit

ADIP address in pre-groove Lsup second harmonic distortiondevel
APC autpmatic power control Ly second harmonic level

AU address unit LSN logical sector number

AUN address unit number MM MSK mark

BCA buifst-cutting area MSB most significant byte

BIS buyfst-indicating subcode msb njoest significant bit

BPF band-pass filter MSK minimum shift keying

CAV corlstant angular velocity MW monotone wobble

cbs chdnnel bits NRD non-re-allocatable defect

CNR carfier-to-noise ratio NRZ non-return-to-zero

dc dirgct current NRZI non-return-to-zero inverting
DDS disk definition structure NWL nominal wobble length

DFL defpct list OPU optical pick-up unit

DI disk information PAA physical ADIP address

DL dudl layer PAC physical access control

DMA disk management area PBA possibly bad area

DMS diskntanagementstructure PHE permatentinformationand-eontt
DOW direct overwrite PLL phase-lock loop

DOW(n) the n-th overwrite PoA post-amble

DOW(0) the initial recording PP push-pull

DSV digital-sum value pp peak-to-peak

DWP disk write protect PrA pre-amble

EB emergency brake PSN physical sector number

ECC error correction code Ry relative humidity

2 © ISO/IEC 2021 - All rights reserved
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EDC error detection code RMTR repeated minimum transition run
length

FAA first ADIP address (of data zone) R-M-W read-modify-write

ES frame sync RS Reed-Solomon (code)

FWHM  full width at half maximum Ry relative thickness

HF high frequency RUB recording unit block

HFM high frequency modulated SER symbol error rate

HMW harmonic-modulated wave SL single layer

HPF high-pass filter S/N signal-to-noise ratio

HTL high-to-low SPS start position shift

Innws normalized HFM-wobble signal STW saw-topthywobble
amplitude

Inws normalized wobble signal amplitude Sync synchronization

LAA last ADIP address (of data zone) TP track pitch

LDC long-distance code TS transmission stack

LPF low-pass filter whbs wobbles

LSB least significant byte WP write protect

5 Conformance

5.1 Optical disk

A clai
in conformance with thistdocument if it meets all mandatory requirements specified for i

5.2 Generating System

of conformance with'this document shall specify the type implemented. An opticgl disk shall be

ks type.

A gengrating system shall be in conformance with this document if the optical disk it generates is in

accordance-with 5.1.

5.3

E
S yotltill

A receiving system shall be in conformance with this document if it is able to handle both Types of

optical disks according to 5.1.

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.
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6 Conven

6.1 Levels

tions and notations

of grouping

Many times, data is collected into that data can be collected into higher level groups. For the clarity of

the grouping
Frame:
Block:
Cluster:

Fragment:

hierarchy, in this document, the following levels of hierarchy is used.

the lowest level of grouping. Generally, frames contain bytes of information.

the second level of grouping. Generally, blocks consist of a number of frames.

........ cl £ lhlocle

o Lol £lazal oFf H PPy L PY PEPCTP
FIC TS TIC S TTICV CT OT g T O U pPTIT S CIaSteT S COTISTS T OT STV eT ar DOTOCKS?

h level of grouping that can be applied by the application. A certain amount ofidata
cated to a (fixed) number of consecutive clusters.

6.2 Repregentation of numbers

A measured

yalue X ..cureq May be rounded off to the least significant digit’of the corresp

specified valye x before being compared with this specified value.

EXAMPLES:

6+0,01 .

The spefification is: x=1,2 002"

(nomingl value = 1,26 with a positive tolerance of +0,0 and a negative tolerance of -0,02)

— a easured value in the range 1,235 <x

4 < 1,275 fulfills this specification.

measure

— The spetification is: x < 0,3:

- a Ileasured value X, o sureq < 0,35 fulfills this specification

(r

unding off is applied for 0,30 <X ,..cureq < 0,35: X =0,3);

rounded

— The spefification is: x < 0,3:

— a measured value x

(n

— a easuredyalue x

= 0,299 fulfills this specification

measured

b rounding off needs to be applied);

measured = 0,3 exactly does not fulfil this specification.

In case the specifiedwalue is given as “maximum x units” or “minimum x units”, the measureq
shall not be rgunded off before comparing to the specified value. Parameters given in this way sh

violate the sp

EXAMPLES:

— The spec

peifiéd limits set by the exact value of x.

s allo-

bnding

value
all not

ification is maximum 0,3 mm:

— ameasured value of 0,300 mm fulfills this specification;

— ameasured value of 0,301 mm does not fulfil this specification;

— The spec

ification is minimum 3 dB:

— ameasured value of 3,00 dB fulfills this specification;

— ameasured value of 2,99 dB does not fulfil this specification.
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«n

Numbers in decimal notation are represented by the digits 0 to 9. The decimal symbol is
large numbers, the “” (space) can be used as digit grouping symbol.

)" (comma). In

Numbers in hexadecimal notation are represented by the hexadecimal digits 0 to 9 and A to F in
parentheses or followed by lowercase “h”. The character x in hexadecimal numbers represents any digit
Oto9orAtoF.

Numbers in binary notation and bit patterns are represented by strings of digits 0 and 1, with the most
significant bit shown to the left. The character x in binary numbers represents a digit 0 or 1.

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

In a p ffnvn r\F 1 ]rnfc hit h cha” ]f\n fho mr\cf C‘|g|’\lFl{"th ]1|f rmc]f\\ ’)h!" ]111' ],\ chall be the least

=
signifipant bit (Isb). B1t b(,-1y shall be recorded first.

An uninterrupted sequence of m 0’s in a bit pattern can be represented by [0™].
The seftting of bits is denoted by ZERO and ONE.

In datq fields composed of bytes, the data is recorded so that the most significant byte (MFB), identified
as byte 0, shall be recorded first and the least significant byte (LSB) last:

In a figld of 8n bits, bit b(g,_) shall be the most significant bit (ms$b) and bit b, the least pignificant bit
(Isb). Bit b(g,,_4) shall be recorded first.

In datq fields composed of nibbles, the data is recorded sothat the most-significant nibblg, identified as
nibble|0, shall be recorded first and the least-significantaibble last.

In a figld of 4n bits, bit b,_;) shall be the most significant bit (msb) and bit b, the least ignificant bit
(Isb). Bit b(4,,_1y shall be recorded first.

A range of values is indicated as x ~ y, where the limits x and y are included in the range.

A list ¢f integers is indicated as i .. j. TheJist contains all integers between i and j as welllas i and j (e.g.
k=0.|7). If the step size is different frem one, this is indicated as: i, (i + step) ..j (e.g. k=14 .. 16, where
step =[3).

A group of parameters is indicated as paramm..nor P,, .. P,. The group contains all paranpeters with an
index between m and n as well'as m and n (e.g. byte 16 .. 31, bit 7 .. 4, Add0 .. Add255).

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

6.3 Integer caleulus

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

mod(njd)«depresents the remainder of the division of n by d: mod(n,d) = n - d x div(n,d).

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

7 General descriptions of disk

The 120 mm optical disk that is the subject of this document consists of a substrate of about 1,1 mm
nominal thickness. clamping is performed in the clamping zone.

The recording layer of the disk uses high-to-low (HTL) technology. Recorded HTL marks have lower
reflection than the unrecorded layer(s).
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The recording layer of the disk may use phase-change recording technology. Recorded amorphous
marks have lower reflection than the crystalline spaces of unrecorded layer(s).

This document provides for two types of disks

Type SL disk: the substrate is covered with a recording layer, consisting of several films. On top
of this recording layer, a transparent cover layer of 0,1 mm is applied with precisely defined optical
characteristics (see Figure 1). The capacity is 25,0 Gbytes.

Type DL disk: the substrate is covered with two recording layers, each consisting of several films. The
two recording layers are separated by a transparent spacer layer of about 0,025 mm. The first recording
layer seen from the read-out side of the disk shall be semi-transparent. On top of this recording layer,

a transparent
have precisely

To improve sd
hard coating.

Data can be W
can be read
amorphous m

The recordin
navigation sy

Recording an
cover layer, fi

For reference
layer is called|

Tr
stal

 defined optical characteristics (see Figure 2). The capacity is 50,0 Gbytes.

fritten and overwritten onto the disk with a high-power focused optical beam. TH
vith a low-power focused optical beam, using the difference in the reflectivity
arks and the crystalline spaces.

b layer(s) contain wobbled groove(s) with addresses that-enable a speed contr
stem for data to be read from or written to the recording layer concerned.

l reading of the data is accomplished through the céver layer or through the total s

purposes, a layer that the light beam passes.through when accessing a certain rec
a transmission stack of that specific recording layer (see Figure 1 and Figure 2).

Directien‘of
rotatien

nsmission | N
ck ¥ Substrate Recording
layer

Cover layer

/

. . Entrance surface
Protective coating)

for optical beam

st recording layer and spacer layer, depending en'which recording layer is involved.

r shall

ratch resistance of the disk, the cover layer optionally can be protected with an addjitional

e data
of the

ol and

tack of

prding

|

Figure 1 — Outline of type SL disk
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Direction of
rotation

>

Recording
layer LO
Transmission —¢
stack 0 Substrat
Transmission I ubstrate Recording
A4
stack 1 Spacer layer layer L1

/' Cover layer

Entrance surface

Protective coating) for optical beam

Figure 2 — Outline of type DL disk

This dpcument specifies two kinds of recording velocity: 1x and 2x.

Figure 3 shows the recording velocity requirements for each disk type. At least onq of the write
strategies is reqired for each recording velocity.

Disk type parameters . .
Disk type Mark Layer Recording velodity
polarity type 1x 54
Type SL HTL SL M M
Type DL HTL DL M M
M Mandatory

Figure 3 — Recording velocity requirements for disk type

8 General requirements
8.1 Environments
8.1.1 | Test environment

8.1.1.1 General

During ineasurements for testing conformance of a disk with this document, the disk ghall be in the
test envirommernt-Thetestenvironment s the environment where the air immediately surrounding the
disk shall have following properties:

— temperature, T (23 +£2)°C;
— relative humidity, Ry: 45 %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.
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8.1.1.2 Test conditions for sudden changes 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 4).

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

8.1.2 Operating environment

A disk in conformance with this document shall provide data interchange over the specified fanges
of environmgntal parameters in the operating environment. The operating environment |is the
environment fvhere the air immediately surrounding the disk shall have the following-properties:

— temperature, T 5°C to 55 °C;

— relative humidity, Ry 3 %to 90 %;

— absolutefhumidity: 0,5 g/m3 to 30 g/m3;
— atmosphgric pressure: 60 kPa to 106 kPa.

There shall b¢ no condensation of moisture on the disk. If a disk has been exposed to conditions qutside
those specifigd above, it shall be acclimatized in an operating-environment for at least 2 h beforefuse.

8 © ISO/IEC 2021 - All rights reserved
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Absolute air humidity, g/m3
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Figure 4 — Operating environment

8.1.3 | Storage environment

8.1.3.1 General

The st
shall h

prage/environment is an environment where the air immediately surrounding the optical disk
ave'the following properties:

— temperature, T:

-10°Cto 55 °G;
— relative humidity, Ry;: 5 %to 90 %;
— absolute humidity: 1 g/m3to 30 g/m3;

atmospheric pressure: 60 kPa to 106 kPa;

maximum temperature variation: 15°C/h;

maximum relative humidity variation: 10 %/h.
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8.1.3.2 Climatic storage tests

To check envi

T=55°

damp h

ronmental stability of the disk, it shall be exposed to the following environments:

dry heat test according to IEC 60068-2-2 Ba:

C, Ry = 50%, 96 h;

eat 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 exposu
measuring (2

8.1.4 Tran{

8.1.4.1 Gern

As transport{

- w1 . PR | 1o 1 1.1 11 £ —
C U UICSC CIIVITUIIITICIILAD CUIIUILIUILS,  UIIT SHHOUIU dl10VW 101 SUIIC TTLUVEL Yy LIITIC

t h or 48 h).
sportation

eral

ition occurs under a wide range of temperature and humidity yariations, for di

periods, by npany methods of transport and in all parts of the world,-t\is not possible to ;

mandatory cd
8.1.4.2 Pac

8.1.4.2.1 G«

The form of
agreement, is

8.1.4.2.2 Te

Insulation an
period of tran

8.1.4.2.3

a) Avoid me

nditions for transportation or for packaging.
kaging

bneral

the responsibility of the sender. It should take into account the following hazards.

mperature and humidity

| wrapping should be designed-to maintain the conditions for storage over the est
sportation.

Impact loads and vibrations

Chanical loads thatwould distort the shape of the disk.

before

ffering
pecify

packaging should be agreed between sender and recipient or, in absence of syich an

mated

ent the

b) Avoid drdpping the disk:

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

d) The final[bex should have a clean interior and a construction that provides sealing to prevq
ingress o F dirt and moisture

8.2 Safety requirements

The disk shall satisfy the requirements of IEC 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 IEC 60950-1.

10
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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 in order
to confirm that a disk is in conformance with the requirements of this document. The characteristics of
the critical components of this device are specified in Clause 9.

9.2 Environmental conditions

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

9.3 OQptical system

The b3sic set-up of the optical system of the reference drive used for measuring specifigd (over)write
and rgad parameters is shown in Figure 5. Different components and locations of conponents are
permitted, provided that the performance remains the same as that of the,set-up in Figurg 5.

The oftical system shall be aligned such that the focused optical beanvis‘perpendicular to|the recording
layer dn which the beam is focused at the radius where the measurement is to be performed.

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

Iy=1,+ 1y HF read channel

Radial PP read channg

—

I I
) /\ i [ lallllclly |
> Quadrant

Tangential \J | : | photodetector

track Iq I !

direction !
I A
1 e pre— e
I
i

N R I_____E_______' _____"__7 DlSk
Laser Collimator ~ Polarizing SA A/4 Objective
diode lens beam splitter corrector plate lens

Figure 5 — 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 towards 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.
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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 (1) of the laser beam: (405 £ 5) nm;
— polarization: eirettar;
— NA: 0,85 +0,01;

— light intensity at the rim of the pupil of the objective lens relative to the maximumni intengity:

— |in the tangential direction: (60 £5) %;
— |in the radial direction: (65 5) %;
— maximum wave-front aberration at the recording layer(s): 0,033 x A rms;

(after correction of tilt and spherical aberrations)

— maximum relative-intensity noise of the laser diode: -125 dB/Hz;

P
{wxlg I }

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

— nornjalized detector size: S/M? < 25 pm?

where Sis the total §urface
of the quadrant photode-

tector;
— read power for)disk testing (average):
— |Skdisk: (0,35 £ 0,1) mW;
— DLdisk (0,70 = 0,1) mW;
— write power and pulse shape: For write power, see 29.4.2

for detailed specifications.

The pulse shape shall follow
Annex F.

9.5 HF read channel

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

The ra
amoulj

The rg
amplit]
9.7 1

While
coveri

retrieved.

dial tracking error is generated as a signal [(I, + I;) - (I + I )] related to the dif
t of light in the two halves of the exit pupil of the objective lens.

ference in the

ad amplifiers including the photodetectors in the radial PP read~channel shall have a flat

ude response within +1,0 dB relative to their dc gain from dc to 8 MHz.

Disk clamping

its parameters are being measured, the disk shall be clamped between two co;centric rings

ng most of the clamping zone (see 10.6). The top clamiping area shall have the s

outer dliameters as the bottom clamping area (see Figure-6J.

Clamp
The to

In ord
the ch

ng shall occur between d;, = (23,5 + 0,5) mmand d = (32,5 £ 0,5) mm.
Lal clamping force shall be F; = 2,0 N £ 0,5 IN.

b1 to prevent warping of the disk under the moment of force generated by the clamj
hcking force F,, which is exerted hy the tapered cone on the rim of the centre hole

shall njot exceed 0,5 N (see Figure 6).

The to

p angle 0, of the tapered cone for centring of the disk shall be 40,0° + 0,5°.

F 14 ~

v

% o
—
% N
N
N

a

me inner and

bing force and
pf the disk, F,

A

F,

Figure 6 — Clamping conditions for measurement

9.8 Rotation of the disk and measurement velocity

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

© ISO/IEC 2021 - All rights reserved
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All specifications are based on a tangential speed during reading that is equal to the reference velocity.
This corresponds to a constant linear velocity of 4,917 m/s.

Tests for determining the recording characteristics of BD rewritable disks shall be carried out at all
velocities defined in each of the DI units that are present on the disk (see 15.8.3).

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 LT K
) [0 [0}
HN(ia)):lx O x——0 x| g4t 1)
3 i 10 iw
1+
Xwo
where
w =2mkf;
wy =2m K fo;

Wint = 2m '<fint;

K = order of integrator.

Here, f,, is the|0 dB crossover frequency of the open-looptransfer function. The crossover frequericies of
the lead-lag network of the servo are given by the following:

— lead break frequency: f; = f, / 3;
— lag break|frequency: f, = f;, x 3.

The term (1+{v;,./iw) in the Formula (}}-above represents an integrator function. Such an intggrator
or equivalentfunction is used to further reduce of low-frequency components, especially those|due to
deviations with frequencies equalito the rotational frequency of the disk or its harmonics.

Also, f;,,; is th¢ 3 dB crossoverfrequency of the integrator function.

Another freqpency of importance is the frequency fy at which a sinusoidal displacement with an
amplitude eqpal to thexmaximum allowed residual tracking error e .., corresponds to the maximum
expected accqlerationd,, .. This frequency can be calculated with Formula (2):

ol |

_275 e

EN

2 (2)

max

Because the tracking error signals from the disk can have rather large variations, the tracking error
signal fed into each reference servo loop shall be adjusted to a fixed level (effectively calibrating the
total loop gain), which guarantees the specified bandwidth.

9.10 Measurement velocity and reference servo for axial tracking

Regarding the open-loop transfer function H(f) of the reference servo for axial tracking, |1 + H(f)I is
shown schematically by the shaded area in Figure 7.
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Figure 7 — Servo él%gacteristic for axial tracking
R
Formula (3), where a,,,, = 6,0 m/s? is the maximum expected axial acceleratio
by this m x amax, shall Qg
3xmxama 3x1, 25><60
ma C) \/ 55x1079
tegrator crossover frequency shall be: f, . = 100 Hz.

freq&s&y range 100 Hz to 10 kHz, |1 + H(f)I| shall be within -10 % to +10 % of |1 +

92:2021(E)

|, is specified
n due to local

g error e, ..,

3

1\ ()]

In the

f ency range 36 Hz to 100 Hz, |1 + H(f)| shall be within the limits defined by

the following

four points:

— 52

,9.dB at 100 Hz (|1 + Hy(f)l at 100 Hz - 10 %);

— 54,6 dBat 100 Hz (|1 + Hy(f)l at 100 Hz + 10 %);

— 77,0dBat36 Hz (|11 + Hy(f)l at 36 Hz - 10 %);

— 97,0 dB at 36 Hz (|1 + Hy(f)| at 36 Hz - 10 % + 20 dB).

In the frequency range up to 36 Hz, |1 + H(f)| shall be between 77,0 dB and 97,0 dB.
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The frequency fy, in kHz, has the value as per Formula (4):

1 |« 1 6,0
fomoo [ = |20 216 @
2n 21\ 55%x10

emax

9.11 Measurement velocity and reference servo for radial tracking

Regarding the open-loop transfer function H(f) of the reference servo for radial tracking, |1 + H(f)I is
shown schematically by the shaded area in Figure 8.

Gain (dB)
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99,0

80
79,0

56,6 F----------F-----

e

T R e
40 :
20 :
0 :
1 10 36 100 1x103 10 x 103 100 x 103
Frequency (Hz)

Figure 8 % Servo characteristic for radial tracking

The crossovef frequency, f, of Hy(f) (see 9.9), in kHz, which is used to define the limits of |1 { H(f)I,
is specified by the Formula (5), where a,,,, = 2,2 m/s? is the worst-case maximum expected| radial
acceleration due to localdisturbances, and «,,,, is multiplied by a factor m = 1,25 for servo margjn. The

a
tracking errof e €aused by this m x amaxl,nsi(lall be 16 nm. Thus, the 0-dB crossover frequency shall
be as per Formhula\(5):
3xmxo
fy= [ a1 —3x1’25x_§'2 =36 (5)
27 € nax 2n\ 16x10

The integrator 3 dB crossover frequency shall be f; . = 100 Hz.
In the frequency range 100 Hz to 10 kHz, |1 + H(f)| shall be within -10 % to +10 % of |1 + Hy(f)I.

In the frequency range 36 Hz to 100 Hz, |1 + H| shall be within the limits defined by the following
four points:

— 549dBat100 Hz (11 + Hy(f)l at 100 Hz - 10 %);
— 56,6 dBat 100 Hz (|1 + Hy(f)l at 100 Hz + 10 %);
— 790dBat36Hz (I1+Hy(f)l at 36 Hz - 10 %);
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— 99,0dBat36Hz (|1 + Hy(f)lat36 Hz-10 % + 20 dB).
In the frequency range up to 36 Hz, |1 + H(f)| shall be between 79,0 dB and 99,0 dB.
The frequency fy, in kHz, has the value as per Formula (6):

2,2
= 6
fx= 2n e, 27t \/ 16x10" 9~ )

10 Dimensional characteristics

10.1 General

Dimenjsional characteristics are specified for those parameters deemed mandatory for inferchange and
compdtible use of the disk. Where there is freedom of design, only the functional.charactleristics of the
elements described are indicated. Figure 9 shows the dimensional requirements in suminarized form.

The different parts of the disk are described from the centre hole to the outside rim.
First transition area Second transition area
Clamping Rim
Centre b Inforniation area area

1 hole 1 Zone o
D — :4—»4—»4—»4———-»:—:4—

| ! o N

1 1 1 1 1 1 1

1 1 1 : : : 1

1 1 1 1 I 1 1

i L odp b !

EE7EGEREE B

— o B

1 N B

| L dyo ' Lo

/ . C

[ 1 dl !

/ : :

I 1

Figure 9 — Overview of disk dimensions
10.2 Diskreference planes and reference axis

For disk reference planes, see also Figure 10 and Figure 11.

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.

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 Figure 10 and Figure 11).
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The disk reference plane R shall intersect with recording layer LO at layer LO's average position between
radius r, = 23 mm and r, = 24 mm (layer LO is the only recording layer on an SL disk or the deepest
recording layer on a DL disk).

Detail of smooth transition

Iy

Clamping zone

Cover layer

|
i
i
i
i
i
!
! y dg Information area Rim area
! ’/' d- I —
L [77 7l & Qf
! <& E
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. © Ne—"1
! = & < AN
|
. < <
! v a‘% < % <
| =10 | .. e —_— ¢
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! / / P dyy
' / [ Coverlayer
Detail of th¢ edge of . . . | Entrgf¢e surface
Detail of Protection ring
centre hole i
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i
— I
< [p] i
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Figure 10~ Details of disk dimensions
! Centrg hole
é 1
i g Recording layer LO
! Fa Substrate
! —
i g
i &S
g AR —_— — i
_Y_ |_. e e —————e il i

l Turn table
, ]

Figure 11 — Details of disk reference planes P and R and recording layer LO

10.3 Overall dimensions

The overall outer diameter of the disk shall be d; = (120,0 = 0,3) mm (see Figure 9).
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The diameter of the centre hole shall be d, :15,003%'(1)0 mm (see Figure 9).

There shall be no burr on the edge of the centre hole at the read-out side.

The edge of the centre hole at the read-out side is the reference for centring the disk and shall be rounded
off or chamfered. The rounding radius shall be maximum r, = 0,1 mm. The height of chamfer shall be
maximum 0,1 mm above the bottom surface of the first transition area. The rounding or chamfer shall
be maximum h; = 0,25 mm from disk reference plane P (see detail in Figure 10).

The maximum thickness of the disk is defined as the distance in the direction of the reference axis
A between the highest structure protruding from the entrance surface of the disk and the highest
structure protruding from the top surface of the disk.

Maxinmjum thickness of the disk, including cover layer, protective coating and label)printing, at any
radius|shall be e; = 1,40 mm (see Figure 10).

Minimum 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 reférence plane Q |by maximum
h, =0, mm.

Outside the clamping zone, the top surface may be outside the disk reference plane Q|by maximum
h; =0, mm (see Figure 10).

10.4 First transition area

In the nner area inside the clamping zone (d < d;), the'surfaces may be inside the disk reference planes
P and [ by maximum hg = 0,20 mm and maximum #y = 0,12 mm, respectively. These suffaces may be
uneveq or may have burrs up to maximum h, =0,05 mm and hg = 0,05 mm outside the ¢lisk reference
planes|P and Q, respectively (see Figure 9 and:Figure 10).

10.5 Protection ring

An opfional ring-shaped protrusion in'the inner area of the disk that can prevent full coftact between
the sufface of the disk and a surface on which such a disk is laid down. By applying such a ring, the
chancg for damage to the read-out side of the disk can be minimized.

When |applied, the proteetion ring shall be located between diameter d; = 17,5 mm pnd diameter
ds = 21,0 mm. Between d; and diameter d, = 20,5 mm, the height of the protection|ring shall be
maximum 0,12 mm above the clamping surface.

Betwepn d, anddg;the height of the protection ring shall sink gradually to the surroundirlg surface (see
Figure 10).

10.6 Clamping zone

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

The outer diameter of the disk clamping zone shall be d- > 33,0 mm (see Figure 9).

The thickness of the disk within the clamping zone shall be e, =1,20f8'(1)(5) mm (see Figure 10).

Within the clamping zone, (dg < d < d;), both sides of the disk shall be flat within maximum 0,1 mm.

Within the clamping zone, (d¢ < d < d5), both sides of the disk shall be parallel within maximum 0,1 mm.

10.7 Second transition area

The second transition area is an area between the clamping zone and the information area: d; < d < dq
(see Figure 9).
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In the second transition area, the surface at the read-out side of the disk may be inside the reference
plane P by maximum hg = 0,12 mm. This surface may be outside the entrance surface in the information
area by maximum h;, = 0,01 mm (see Figure 10).

In the second transition area, the top surface of the disk may be outside the disk reference plane Q by

maximum hy

=0,2 mm.

The step from the top surface in the area to the top surface in the information area is h;4. The distance
between the start and the end diameters of the step is /;. If hy; > 0,2 mm, then the slope down to the
top surface of the information area shall be smooth and /; > 1,8 mm, as indicated in Figure 10. If the top
surface in the information area is stepped down from the top surface in the second transition area, then
the step shall end within diameter dg = 40,0 mm.

10.8 Inform

10.8.1 Gene
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and Figure 12
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Figure 12 — Division of information area

10.8.2 Subdivisions of information zone on SL disk

The information area is used to record the information zone.
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The information zone is subdivided into the following main parts (see Figure 13):
— lead-in zone (part of the inner zone);
— data zone;

— lead-out zone (outer zone).

Substrate

lfét;%c;rding Lead-in zone Data zone Lead-out zone
/\ Spiral direction

Cover layer

Inner side ‘Optical‘ Outer dide
of disk beam of disk

Figure 13 — Subdivision of information zone on SL disk
The lead-in zone starts in the area extending from 44,0 mm to 44;4-mm in diameter and shall end at the
beginijing of the data zone at diameter dpyy;.

The lepd-out zone shall start at the end of the data zonefat diameter dp;, and shall endl at minimum
117 mfn in diameter.

10.8.3| Subdivisions of information zone on DL'disks
The information area is used to record the infermation zone, divided over the two recordjng layers.
The information zone is subdivided into the following main parts (see Figure 14):
On redording layer LO:

— lead-in zone (part of the ipnér-zone 0),

— ddqtazone 0,and

— ouyter zone 0.

On redording layefibl:

— outer zone-l,

— de]ta zorne 1, and

— lead-out zone (part of the inner zone 1).
On layer LO, the 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.
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Figure 14 — Subdivision of information zone on DL disk
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e disk (see Figure 9).
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der of the rim areasthe surface at the read-out side of the disk shall not be outs
hce in the informationh area by maximum h;; = 0,05 mm (see Figure 10).

ba, the surface at the read-out side of the disk may be inside the entrance surface

a, thetep’surface of the disk shall not be outside the top surface in the informatia
(1,5 = 0,05 mm (see Figure 10).
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11 Mechanical characteristics

11.1 Mass

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

11.2 Moment of inertia

The moment of inertia of the disk shall be <0,032 g.m2.

11.3 Dynamic imbalance

The dynamic imbalance of the disk shall be <2,5 g.mm.
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11.4 Axial runout

11.4.1 General

When measured 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 each recording
layer and the disk reference plane R (see Figure 10 and Figure 11) in the direction of the reference axis
A shall be maximum h;, = 0,3 mm over the entire disk.

Within one track (one revolution), the deviation of each recording layer from its average position in the
direction of the reference axis A shall be maximum 0,1 mm.

At the| inner side of the disk, rotating at a velocity of 4,917 m/s, this corresponds)t¢ a maximum
acceleration of about 4,6 m/s2, based on a sinusoidal deviation at the rotational frequéhcy} of the disk.

Due tofthe integrator function in the reference servo (see 9.10), this component issuppressed sufficiently
such that the residual tracking errors as defined in 11.4.2 are mainly due to local disturbdnces.

11.4.2) Residual axial tracking error

The residual axial tracking error of each recording layer for frequencies below 1,6 kHz (equals fy, see
9.10), measured using the reference servo for axial tracking as specified in 9.10, shall|be maximum
45 nm| (displacement of the objective lens needed to move the focal point of the optical heam onto the
recording layer).

Spikes|in the residual axial tracking error signal due tolocal defects, such as dust and s¢ratches, shall
be excluded.

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

This means that, for frequencies <1,6 kHz, the maximum local acceleration of the recordipg layer in the
directjon of the reference axis A does not exceed 6,0 m/s2.

The rops noise value of the residual exfor signal in the frequency band from 1,6 kHz to 10 KHz, measured
with ap integration time of 20 ms ahd using the reference servo for axial tracking, shall b¢ at maximum
32 nm| The measuring filter shall’be a Butterworth BPF, from f ;45 = 1,6 kHz with slope = +60 dB/
decadg, to f 345 = 10 kHz with slope = -60 dB/decade.

11.5 Radial runout

11.5.1 General

The runout efthe outer edge of the disk shall be maximum of 0,3 mm pp.

The raEial runout of the tracks in each recording layer (including eccentricity and unroundness) 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).

The radial runout 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 and 11.5.3 are mainly due to local
disturbances.

The residual tracking error shall be determined by applying the radial PP read channel (I; - I,) signal
for both measurement and radial servo control purposes as indicated in Figure 5.
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11.5.2 Residual radial tracking error on SL disks

The residual radial tracking error for frequencies below 1,8 kHz (equals fy, see 9.11), measured using

the reference

servo for radial tracking as specified in 9.11, shall be a maximum of 9 nm.

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 = 1,8 kHz and slope = 60 dB/decade.

This means that, for frequencies <1,8 kHz, the maximum local acceleration of the tracks in the radial
direction does not exceed 1,5 m/s2.

The rms noise
with an integ

value of the residual error signal in the frequency band from 1,8 kHz to 10 kHz, me
Fation time of 20 ms and using the reference servo for radial tracking, shall be.ma

6,4 nm. The measuring filter shall be a Butterworth BPF, from f_ 345 = 1,8 kHz with slope™= +

decade, to f 34

11.5.3 Resid

The residual
9.11), measur]
of 13 nm.

Spikes in the
be excluded.

The measurin

This means th
does not exce

The rms noise
with an integ
of 9,2 nm. Th
decade, to f 3/

11.6 Durab

11.6.1 Impa

To prevent ej

g = 10 kHz with slope = -60 dB/decade.

ual radial tracking error on DL disks

radial tracking error in each recording layer at frequencies beléw 1,8 kHz (equals
ed using the reference servo for radial tracking as specified in 9.11, shall be a maj

residual radial tracking error signal due to local defects, such as dust and scratche

g filter shall be a Butterworth LPF, with f 545 =:1,8 kHz and slope = -60 dB/decade.

at for frequencies <1,8 kHz, the maximumacceleration of the tracks in the radial dij
pd 2,2 m/s2.

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

ration time of 20 ms and using the reference servo for radial tracking, shall be a maj
p measuring filter shall be a Butterworth BPF, from f ;45 = 1,8 kHz with slope = +
g = 10 kHz with slope = -60 dB/decade.

lity of cover layer

ct resistance of cover layer

(cessive damage by accidential impact, the entrance surface of the disk should

certain minimum impact resistance.

The minimun

11.6.2 Scrat

impact resistance can be tested by procedures described in Annex L.

hsured
kimum
b0 dB/

fx, see
Kimum

5, shall

ection

hsured
Kimum
b0 dB/

have a

ch resistance of cover layer

To prevent excessive scratching, the surface of the disk shall have at least a certain minimum hardness.

The scratch resistance shall be tested by a procedure described in Annex C.

11.6.3 Repu

Ision of fingerprints by cover layer

To prevent excessive contamination, the surface of the disk shall repel grime as much as possible.

The repulsion of grime shall be tested by a procedure described in Annex D.
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12 Optical 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 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).

12.2 Refractive index of transmission stacks (TS)

If the ]
Annex

The re
14

12.3

12.3.1

The a

ayers making up the total TS have different refractive indexes, then the procedur
A shall be followed.

fractive index n of the cover layer and spacer layer of the disk shall be asgper Formu

55sn<1,70

Thickness of transmission stack(s)

Thickness of transmission stack of SL disks

erage thickness between radius r, and radius b, is called the reference thi
ission stack (TS) on the disk (see 10.2 and Figure 11).

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

a) TH
ar|
10

b) T}
re

12.3.2

The ayj

e thickness of the TS, as determined, by its refractive index, shall be within the
ea in Figure 15 (in case of a refractive index of 1,6 the thickness shall be betwe
5 pm and the dashed line indicatesthe nominal thickness as a function of the refra

e maximum deviation AD of the thickness of the TS from the reference thickness
quirement [AD| < 2,0 um.

Thickness of transmission stack of DL disks

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

transmission stack (IS0 or TS1) on the disk.

The th

ckness of{['S0 and TS1, measured over the whole disk, shall fulfil the following four

b described in

la (7):
(7)

tkness of the

rements.

upper shaded
bn 95 pm and
ctive index).

hall meet the

of the related

‘equirements.

e tHickness of TS0 (all layers on top of layer L0), as determined by its refractive i
thin‘the upper shaded area in Figure 15 (in case of a refractive index of 1,6, the thic

dex, shall be
ness shall be

between 95 pm and 105 pm and the dashed line indicates the nominal thickness as a tunction of the
refractive index).

The thickness of TS1 (all layers on top of layer L1), as determined by its refractive index, shall be

within the lower shaded area in Figure 15 (in case of a refractive index of 1,6, the thickness shall be
between 70 um and 80 um and the dashed line indicates the nominal thickness as a function of the
refractive index).

a) TH
w

b)

c)

d)

The thickness of the spacer layer shall be between 20 pm and 30 pum.

thicknesses shall meet the requirement [AD] < 2,0 um.
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Figure 15 — Thickness.of transmission stacks as function of refractive index
12.4 Reflectivity
12.4.1 Reflertivity-of recording layer of SL disks

The reflectivity‘of the recording layer in the information zone, including transmission through the

cover layer, shall fulfil the requirements of Formulae (8] to (1Z] under the measurement conditions of

Annex B:
— inunrecorded virgin groove:

R,y =12 %to 24 %

— inunrecorded erased groove:

Ry o=11%t0 24 %

— ateach location on the disk;

0,75 x Ry_y <Ry, < 1,25 xRy,

26
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— inrecorded grooves for the first ten DOW cycles:

= to 0
Rgy=11t0 24 % 11

— ateach location on the disk;

0,75 x Ry, < Rgy < 1,25 x Ry, (12)

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

The rdflectivity of each recording layer in the information zone, including transmissiop through the
transmission stack concerned, shall fulfil requirements of Formulae (13) to (17};)indepgendent of the
recording status of the other recording layer (whether unrecorded, recorded Oy partially recorded),
under the measurement conditions of Annex B:

— infunrecorded virgin grooves:

Ry =4 %108 % (13)

— infunrecorded erased grooves:

Ry =3,5%1t0 8 % (14)

—| ateach location on the disk;

0,75 x Ry y <Ry o <1,25xR,_, (15)

— inJrecorded grooves for the first ten BOW cycles:

Rgy=35%to8% (16)

—| ateach location on the-disk;

0,75 x Ry, < Rgp 31,25 x R, _,, (17)
Writtegn marks shatlhave a lower reflectivity than the unrecorded layer.

12.5 Birefringence

The in-plane birefringence of the transmission stacks shall be as per Formula (18) (sge Annex ] for
detailed information):

Anj <1,5x 104 (18)

The perpendicular birefringence of the transmission stacks shall be as per Formula (19) (see Annex ]
for detailed information):

An, 1,2 x 1073 (19)

12.6 Angular deviation

The angular deviation is the angle 6, between a parallel incident beam perpendicular to the disk
reference plane P and the reflected beam. The incident beam shall have a diameter in the range 0,3 mm
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to 1,0 mm. The angle 6, includes deflections of the entrance surface and to lack of parallelism of the
cover layer and/or spacer layer (see Figure 16).

Cover layer

Substrate Recording layer

Read-out
surface

The requirem|
— intherd
— ur
— ur
— inthetd

— urj

13 Data fol

13.1 Gener{

The data recq

‘mat

1

ents for the angle 6, shall be as follows:

dial direction:

der the normal test conditions spegified in 8.1.1: 10,]max. = 0,60°;
der the “sudden change” test conditions specified in 8.1.1: 10, ] max. = 0,70
ngential direction:

der the normal test.conditions specified in 8.1.1: 10, ] max. = 0,30°.

ived from the source (application or host), called user data frames, are formattg

_____________________

Reflected beam

Incident beam

Figure 16 — Definition of angulaf deviation

bd in a

number of steps before being recorded on the disk (see Figure 17).
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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 framel¢/- Phys. sector number
32 frames Addr. unit number
X 2052 bytes 16 addresses x 9 bytes
\ 4 Y A 4
Data block Access block
304 columns 24 columns
216 rows 30 rows
v \4
LDC block BISblock
304 columns 24 columns
216 rows data 30 rows data
32 rows parity Y 32 rows parity
v v
LDC cluster BIS cluster
152 columns 3 columns
496 rows 496 rows
7 7
v v N ¥ X ¥ X
LDC Blt\J LDC BIS LDC BIS LDC 496 rows divided in
..\\ 16 address units
38 col. _1)col. 38col. |[1col| 38col. [1col| 38col of 31 rows each
ECC cluster
(155 columns )
T 1 T 71 1" "“""7"77T "7 1 ----
Frame dc dc dc 496
sync Dzz%ta contr D :;a contr D:ga contr| | recording
20 1 1 1 frames
Physicalcluster ———>
(1 932 channel bits
=1 288 data bits)

Figure 17 — 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 rewritable system are transferred successively into an
access block, a BIS block and a BIS cluster.

The LDC cluster and the BIS cluster are multiplexed and modulated into the following:
— an ECC cluster, subdivided into 16 address units;

— aphysical cluster, consisting of 496 recording frames.
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The data on BD rewritable disks is recorded in 64K partitions, called clusters, containing 32 data
frames with 2 048 bytes of user data. These clusters are protected by the following 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;

— Then, 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
purposes and control information belonging to the user data. They can also be used to indicate long
burst errors, 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 18).

All the data is arranged in an array as indicated in Figure 18. This array is read in.the hor{zontal
direction, royv after row, and recorded on the disk after insertion of additionalyd¢-contrg¢l bits,
modulation, ajnd insertion of synchronization patterns.

The error correction codes are applied in the vertical direction, which gives @ good basic break-up of
burst errors dn the disk. Additionally, the LDC code words have been interlea%€d in a diagonal dirpction.

38 1 38 1 38 1 38
Symc bytes byte bytes byte bytes byte bytes
——— > | > | < > > | < > | <——> >
T Dy D, B, | DI D, B, DyemDi13 B, D14 Digy
D152 s D189 B3 Dlgo |||||||||||
« Address 3t
. rows
%) unit 0 L
I S ) \\Q_ __________ S -J_ -
496 L \ N . Data stream .
rows on disk
IR (L (ORI I I = R N IS0 L S L U I -d--
( Address r(:))’}/s
Q‘ . unit 14
Address| 3f
! unit 15 | rows
....... Dycaoi| ¥

Figure 18 — 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:

A data frame accompanied by its 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.
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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 frames

A data frame consists of 2 052 bytes: 2 048 bytes of user data and 4 bytes of error detection code (EDC).
The 2 048 user data bytes are identified as ud, to ud, 4, and the 4 EDC bytes as ed, (45 to ed, 451 (see

Figure 19).

T ud, T
2048
user data
: 2052
V2 ud, 47 bytes
T ed, o4g
4 ed, 49
EDC ed, g0
v ed, 51 1

Figure 19 — Data'frame

13.3 Error detection code (EDC)

The 4-byte field ed, (45 to ed, (51 shall 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 significant bit of{the first user
data byte (udy) and ending withtHe least significant bit of the last EDC byte (ed, y5;), tHen the msb is
b;¢ 415/and the Isb is by,

Each bjit b; of the EDC is shown as Formula (20) for i = 0 to 31:

0
ENC(x)=") bxt=I(x)mod G (x) (20)
i£31
where

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 20, 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 (21):

D) =x10+x15+x13 4 x4+ 1 (21)
Here, s, to s;5 form a 16-bit shift register. At each shift clock the content of s, shiftstos,,; (n =0 .. 14),
while s is set to sy @D s14 D s, D s3 (D 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;
— Sp4--Sp shiall be set to PSq .. PS¢ of the PSN (see Figure 20).

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

Physical sector number (PSN)

MSB o
P P P P P p P P| |P|P P
S S S S S S S S| SIS S
3 2 2 1 1 1 3 1 (23 3
ONE \\
Paralle1\¢ YYYVYVYYVYYVYY .
load 351 i slslslslslsls S<—Sh1ftclock
|f\ N N
VANV, D

Figure 20 — 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, ¢s;.

The 2 052 byf{es ud/ed, of the data frame become scrambled bytes d, where d; =ud/ed, @ S, fqr k=0
to 2 051; (@ stands‘for exclusive-or).

13.5 Data block

In the next step, 32 scrambled data frames (F =0 .. 31) are combined into one block of data as shown in
Figure 21.
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32 frames
<~ —
0 1 31
T doo do4 dor do31
diy dyq dyp dy s
2052 : :
bytes :
d; 0500 d; 0501 d; o507 d; 050,31
L ds o546 ds 654 ds 6541 ds 65431

These
frame

Figure 21 — 32 scrambled data frames

data are rearranged into an array of 216 rows x 304 columns by diyiding each sqrambled data
into 9,5 columns as shown in. Figure 22. This new array is called a data block. It should be noted

that eyery even scrambled data frame ends halfway down a column @nd every odd sdrambled data
frame fstarts halfway down a column.
<« 304 columns -
0 1 9 10 18 19 303
T doo da160 dj 9440 0%81 d; 8361 do, 4183631
dyo dyi70 d; o459} digos dyg371 dy, 4183731
d5050,0
216 d; 0510
rows dy4
dyy
: 1061
v dy150 )1 dasi dig7s | dsp3y dyosig | doisy 92051,31

13.6 |

LDCblock

Eigure 22 — Composition of data block from 32 scrambled data framesg

The bytes in each column of the data block are renumbered as shown in Figure 23 starting from the top
of each column as follows: e ; e, | .. ;.. to €545, in which L represents the code-word number (= 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 - 10 P24z, -
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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 €01 €o,L €0,302 €0,303
216 €10 €11 €11 €1,302 €1,303
rows €20 : : : :
with :
1LDC data
code ward J €215,0 €215,1 €215,L €215,302 €215,303
=248 T P216,0 P216,1 P216,L P216,302 P216)303
bytes 32 : : : : :
rows
with
parity
J d P247,0 P2471 P247.1 P2%7.302 P247,303

Figure 23 — Renumbering data bytes and forming LDC block by adding parities

13.7 LDC code words

The long-dist]
field GF(28) ay
per Formula (

Pl = x° 4

The symbols

Each LDC cod
Solomon cods
be representd
where the hig
degrees corre

l4(x) is a mul
as per Formul

ance RS code is defined over the finite field\GF(28). The non-zero elements of thé

22):

x*r+x3+x2+1

e word, represented\by the vector l;. = (e, .- €;} - €215 Po16,L -
over GF(28) haying 32 parity bytes and 216 information bytes.
d by a polynomial’l;.(x) of degree 247 (possibly having some coefficients equal tg

;L - P247.), 1S 3
S’uc

spond to the'parity part of the vector (py¢ f, - €tc.).

a (23).

31

g(x)=]J(x-e")

i=0

finite

'e generated by a primitive element @, wheFe «a is a root of the primitive polynomial p(x) as

(22)

of GF(28) are represented-by bytes (groups of 8 bits), using the polynomigl-base

representatiop, with (a7, a®, a5, .., a2, g \1)-as a basis. The root « is thus represented as a = 00000 10.

Reed-
h a code word can
Zero),
hest degrees'correspond to the information part of the vector (e ; .., etc.) and the lowest

[iple of the generator polynomial g(x) of the LDC code word. The generator polynomial is

(23)

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

Formula (24):

Hype Iy =0 (24)

The second row hyp, of the parity-check matrix H| . 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 hy ¢,
of the parity-check matrix H . is given by Formula (25):

hipco = (@47, a?46 . a?, a, 1) (25)
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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 Firstinterleave 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 24.
“— 152 columns -
0 1 151
T €00 €02 : : €0302 T
€o1 €03 : : €0:303
432 €10 €12 : : €1302
with
data
€2150 €152 : : €215302
v €2151 153 : : €215303 494
T P216,0 D216z : : P216.302 rowp
P216a P2163 : : P216303
64 P217,0 P2172 : : P217.302
rows Pzi71 P2173 : : P217.303
with : : :
parity
P2470 P2472 : : P247302
¢ P2471 P2473 : : P247303 v
Figure 24 — 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 25).

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 18.
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SoTIeq Imeq E0Tq TIieg | €0elveq 67 LT cet
TOTLVEq IvTq 7oTq 0Zveg | 2elveq BT LT yIys —
652972 TOZq €TV | T 0s1
85279%Zq 09%Zq 20979%2q Yiys —
i (2T ‘gxy)pow
Yiys -
TT5, E0ETSg | T0ETS, STSo 1
075, Z0£T5g | 00ETS, 715, yIys —
662054 L 8 T05, E0E 05, 0ST
867055 \A 0055 70805, JIys —
TTZg G2 A2 2y B2 2 STZ5 9
(2 87g g Vg &2 075 Vg YIys -
STo tTg TTg €0E T, T0ET, 6T ¢
G 7T 0T 05T, 00£T, 8T, Yiys -
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Z0£0, 000, 704 yIys —
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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 26).

Each address field consists of nine bytes as follows:
— 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 AF,, AF,, : AF ¢ : I\
Address- AF AF,, : : : AF1 15
unit
numbers
9 AF., AF. : AF. ¢ : AF. -
bytes Flag bits AF, AF,, : AF, ¢ : AF, ;<
AFyg AF; : AFg ¢ : AFs 15
Parities : : : : : :
J AF,, AFg, : AF : AFg i

Figure 26 — 16 address fields

13.9.2.2 Bytes assignments for address fields

AFy ¢ MSB of the address unit number;

AF g 2nd SB of the address unit number;

AFZ‘S: 3rd SB of the address unit number;

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.

AF5g.. 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 (26):

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

(26)

The symbols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base
representation, with (a7, a®, a3, .., @%, a, 1) as a basis. The root « is thus represented as a = 00000010.

Each address-field code word, represented by the vector afc = (AF ¢ .. AF; .. AFg (), is a Reed-Solomon
code over GF(28), havmg four parity bytes and flve mformatlon bytes Such a code word can be

represented h
the highest d
degrees corre

egrees correspond to the 1nf0rmat10n part of the Vector (AFOS . etc) and the
spond to the parity part of the vector (AFs s .., etc.).

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

polynomial is

as per Formula (27):

(x—a)

The address-flield code is systematic: the five information bytes appeartnaltered in the highest-

positions of e
afc is as per Fi

Hppe > afg

The second r
polynomial g
the parity-chg

hapcz = (o

13.9.2.3 Add
The 16 addre

brmula (28):
T =0

bW h ey of the parity-check matrix Hypdcorresponding to the zero a of the gen
), defines the code word positions to béuised for error locations. This second row A

ck matrix H,pc is given by Formula (29):

B, a’ .. a?,a,1)

ress unit numbers

bs fields, to be recorded in the BIS columns of the physical cluster each contain a 4

address unit gumber (AUN).

The address
Figure 27. Th

where
lowest

erator

(27)

legree

hch code word. For all address-field code words afc, the parity-check matrix Hyp¢ ¢f code

(28)

erator
arc2 Of

(29)

-bytes

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

b address.unit numbers increase by two for each successive address unit, for rea

synchronizatjon with.the PSNs (see Clause 17).

The address u

nit'nimber of the first address unit of each physical cluster is a multiple of 32.

ons of

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

38

AUj;; .. 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
S S S S S g S| IS g S
3 Z2 1 8 5|4 0
In cluster
count  ZERO
/_/H
YYVYVYVYYYY YYYVYYVYYYVY YYVYVYYYVYYY YYYVYYY IL
y: AAl |A A A A A Al |AlA A A
N i 5L
] 7161 14 3 6 5 8 i 9
Address-unit number (AUN)
Figure 27 — Composition of AUNs from PSNs
13.9.2l4 Assignments for flag bit
Bit b; b b b, by b, b, by
Byte
AF4,S

AF,, Sagy Sa; Say, Sa; 1dT, Rd;: Rsv Rsy
AF, Sa, Sas Sayy Sas, IdT, Rd,, Rsv Rsv]
AF,, Sa,y Sag Sa, Sag, IdT, Rd;; Rsv Rsy
AF, , Sag 4 Sa, Saz, Sa,, IdT, Rd,, Rsv Rsv]
AF,, Sag, Sagy Sag, Saq IdT, Rd,; Rsv Rsy
AF,. | Sajp; |(Say; | Sayge | Sayye | 1dT, Rd,, Rsv Rsv]
AF,. | Sa;pi |- Sa;zq | Sapng | Sajsg 1dT, Rd, Rsv Rsy
AF,, | Sapy | Sajs; | Sajue | Sajsg IdT, Rdg Rsv Rsy

AF,q | Sa;61 | Sajzq | Sajeg | Sajqg Rsv Rd, Rsv Rsy
AF, o5 Sa51 | Sajoq | Sajge | Sajgg Rsv Rd, Rsv Rsv]
AFpo | Sazer | Saziq | Sasee | Sajqg Rsv Rd. Rsv Rsy
AF,,; | Sa,,; | Says; | Sayg | Sassg Rsv Rd, Rsv Rsy
AF,1, | Sassq | Saysqy | Sassg | Sajsg Rsv Rd, Rsv Rsy
AE Sa Sa Sa Sa Rcoys Rd Roys Rcx
lelall Y o761 o7 o760 o770 i =7 ki i
AF, 14 | Sasgq | Saygq | Sasgy | Saygg Rsv Rd, Rsv Rsv
AF, 1< | Sagoq | Sasyq | Sagee | Sasqg Rsv Rd, Rsv Rsv

Rsv Reserved unless otherwise specified by the BDAP.

Figure 28 — 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 unit shall hold the flag bits for two data frames (see Figure 28).

Bit b; and bit bs of successive flag bytes AF, ¢are defined as status bits Sa, ¢, and Sa,, respectively, for
data frame 25.
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Bit bg and bit b, of successive flag bytes AF, ¢are defined as status bits Sa,g,; ; and Sa,g,;  respectively,
for data frame 25 + 1.

RID_tag bits IdT;: Bits b; of successive flag bytes AF, , to AF, ; shall represent the RID_tag value (see
21.4) of the recorder that has recorded the cluster containing this address unit. The msb shall be at IdT,

(see Figure 28).

Bits b; of successive flag bytes AF, g to AF, ;5 shall be reserved.

Recording date bits Rd;: Bits b, of successive flag bytes AF, ¢ shall represent the date when the cluster
containing this address unit has been recorded in the following format (see Figure 28):

Rd;s to Rdg: These 7 bits shall represent the actual year — 2 000 as an unsigned binary numbgr with
Rd;s as the msb;

Rdg to Rds: These 4 bits shall represent the actual month as an unsigned binary number wijth Rdg
as the msb;
Rd, to Rd: These 5 bits shall represent the actual day of the month as an unsighed binary number

with Rd, as the msb.

If a drive is nqt able to correctly set this field, all bits Rd, shall be set to ZERO.

13.9.2.5 Usage of status bits Sa,;

Each pair of sfatus bits Sa, ;/Sa; is used to indicate the status©fian individual data frame in a ¢luster.
The following settings are defined:

Sa;;/Sa;q: 00: data frame contains general userdata;

01: data frame contains specific user data that is allowed to be discarded Huring
read-modify-write (RMW) acti@ns;

10: this value is reservedunless otherwise specified by the BDAP;

11: data frame containspadding data inserted by the drive to complete clusters|before
recording them onte-‘the disk.

In the user data area, all status' bits Sa;;/Sa;, should be set to 01 in clusters being wriften in
“streaming” rhode.

Furthermore,the statug bits Sa;/Sa;, shall be set to 11 in data frames that have been inserted|by the
drive, to complete clusters, before recording them onto the disk (padding).

In all other cgses where the data for data frame i is supplied by the host, the status bits Sa;;/Saj, shall
be set to 00.

Consequently:
— if Sa;1/Sa; is set to 00, the content of data frame i shall be conserved during R-M-W actions;
— ifSa;1/Sa; is set to 01 or 11, the content of data frame i may be discarded during R-M-W actions.

In case of doubt about the reliability of some Sa, ;/Sa; , bits, the content of the related data frame i shall
be conserved during R-M-W actions (Sa; ;/Sa; shall be considered as having the value 00).

13.9.3 User control data

For accessing user data, special control data can be added to each user data frame. These additional
bytes can carry BDAP-dependent information. A user data frame accompanied by its user control data
unit is called a sector. Each user control data unit consists of 18 bytes (see Figure 29).
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<« 32 units -
0 1 : S : 31
0 UCo, UCy, : UCys : UCy 3,
UCy UCy 4 : : : UCy 34
18 bytes
I UCy70 UCy74 : UCy7s : UCy7 3

Figure 29 — 32 user control data units

13.9.4{ Byte/bit assignments for user control data

The ug
shall b

13.10

The d
30 row

Becau
inasp

The 9

The th
direct
cyclica

The th
second
three |
Withiy
1 byte
Withiq
two by

Mathe

er control data bytes are BDAP-dependent. If this setting is not specified by the BDA
e set to 00h.

Access block

ata for the address fields and user control data units is mapped into
's x 24 columns, that is called an access block.

be of the need for a fast access of the address fieldsythe data for these address field
ecial pre-interleaved way.

bytes of each of the 16 addresses (see Figue 26) are grouped into three groups of 3

ree groups of bytes of each of the addresses 0 to 7 are placed in the access blocK

lly three positions to the left (see Figure 30).

ree groups of bytes of each'of the addresses 8 to 15 are placed in a diagonal di
, fourth and sixth rowstarting with address 8 and each successive address shi
positions to the left.

each group of bytes in the third and fourth rows, the bytes are shifted cyclically t
position.

each grogp-of bytes in the fifth and sixth rows, the bytes are shifted cyclically t
te positions.

matieally, this mapping of the address bytes into the access block can be re

P, these bytes

an array of

s are mapped

bytes.

in a diagonal

on in the first, third and fifth rows!starting with address 0 and each successive adldress shifted

Fection in the
'ted cyclically

b the left over

the left over

presented by

Formulla\30). Byte AFVV‘, shall be allocated in:

row r = 2 x div(x, 3) + div(y, 8); and

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

(30)

The user control data unit is placed in the column direction, whereby each user control data unit only

fills 34

of a column (4 user control data units in 3 full columns, see Figure 30).
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Figure 30 — Composition of access block (from 16 address fields and 32 of user control data units)
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BIS block

The bytes in each column of an access block are renumbered as shown in Figure 31 starting from the
top of each column as follows: by - by .. b; .. to byg ¢, where C represents the code-word number (= the
column number: 0 to 23).

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

(62,30,33) RS code. The parity bytes are numbered: pbs( ¢ pbzy ¢ .. pbj .. to pbgy ¢
<« 24 columns —
Code word | Code word Code word Code word | Code word
0 1 C 22 23
T T boo bos by bo23
by, by, b, ¢ 1,23
30 : : : :
information byc
1|BIS bytes :
cod¢ word \lf b29,0 b29,1 b29,c b29,23
=63 bytes 1 pbso pbsg pbsoc Pbsg 23
32 c 2 : 2
parity bytes
i/ . . B .
J Pbe1 o pbg1 Pbeic Pbgi 23
Figure 31 — Renumbering data bytes and-forming BIS block by adding parjties
13.12| BIS code words

The BI
are ge

Formulla (31):

PQ3
The s
repres

Each B
Solom

be represented by a polynomial bis(x) of degree 61 (possibly having some coefficients €

where

S RS code is defined over the finite*field GF(28). The non-zero elements of the finif
nerated by a primitive elemend @, where «a is a root of the primitive polynomi

)=x8+x%+x3+x2+1

ymbols of GF(28) Jare represented by bytes (groups of 8 bits), using the po
entation, with (&7, a®, a5, .., a?, a, 1) as a basis. The root « is thus represented as a =

IS code wiord, represented by the vector bis = (by ¢ .. b; ¢ .. byg cPb 39 ¢ - P

bic.pbg
bn codelover GF(28) having 32 parity bytes and 30 information bytes. S]u

chac

e field GF(28)
hl p(x) as per

(31)
ynomial-base
00000010.
1‘C), is a Reed-

pde word can
qual to zero),

the highest degrees correspond to the information part of the vector (b . .., etc.) g

nd the lowest

de re de 4=l e b= il b= V- | dogn)-
gre€sToTTESPUIT U tITe par ity par t ot tire VeTtoT (PO 3 ¢ .-, ©tC-

©150/1

EC 2021 - All rights reserved

43


https://iecnorm.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

bis(x) is a multiple of the generator polynomial g(x) of the BIS code word. The generator polynomial is as

per Formula (32):

31

g(0=T[(x-e)

i=0

(32)

The BIS code is systematic: the 30 information bytes appear unaltered in the highest-degree positions
of each code word. For all BIS code words bis, the parity-check matrix Hg;s of code bis is as per

Formula (33):

Hpgg * bisT

=0

(33)

The second r
polynomial g
the parity-chg

hgiso = (af

13.13 BIS cl

After generat|
496 rows x 3

The BIS clust
numbered u 3
e=0to 2 (see

The essential
examples in K

pw hpg , of the parity-check matrix Hgg corresponding to the zero a of the gen
x), defines the code word positions to be used for error locations. This second row

ck matrix Hpg is given by Formula (34):

L, at0 .. a2, a,1)

uster

ing the BIS code words, the BIS block is mapped in an interleaved way into an a
columns. This newly formed array is called a BIS cluster

er is subdivided according to the address unitsias’ shown in Figure 18. The un

Figure 32).

s of the BIS interleaving scheme are the-following (see Figure 23, Figure 32 a
igure 33 and Figure 34):

each row
row of th

the even
mapped i

the 3-byt
whereby
of each s
than the §

row |

of a BIS block is split into 8 groups of 3 bytes. These 3-byte groups are each placed
e BIS cluster;

rows of a BIS block are mapped into units 0 to 7 and the odd rows of the BIS blg
hto units 8 to 15;

b groups from an even row of the BIS block are placed each in the same row of units
the units are used.ih reverse order (according to their numbering). The first 3-byte
ccessive rowyofthe BIS block shall be placed in a unit with a number 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;

row ||

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

erator
Ig1s2 Of

(34)

'ray of

jts are

0 to 15; the rows in such a unit are numbered r< 0 to 30 and the columns are numpbered

hd the

in one

ck are

0to 7,

group
higher

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

,0,7;

this process is repeated cyclically until row N = 60, which is placed on rows r = 30 of units: 6, 5,
4,3, ..

now, within each unit, each row ris shifted cyclically to the right by mod(r, 3) positions: sorow r=0

is not shifted, row r = 1 is shifted 1, row r = 2 is shifted 2, row r = 3 is not shifted, row r = 4 is shifted

1, etc.;

44

for the odd rows of a BIS block, the same kind of procedure is followed, but then using the units 8 to 15.
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3
< columns -
31 : :
___‘L__-___ao. ______ Boy ____Bao | __|___
T 93 By, Bygs
31 : :
SR 20 R S S S
ShEr b EEEEEEEEEED S iEEEEE
496 | 16
rows 31 e Ir units
rows | «—— | By |
R 250 RN N
R R EEEEI S s EEEEEE
31
‘L ‘L B 487 ‘L

Formullae (35) to (37):

Byte b

<
1

-
1

in

o1

Figure 32 < BIS cluster

v.c Or pb - (see Figure 31) is placed 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

in column

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

presented by

(35)

(36)

(37)

The byte number m, giving the sequence number B,, as the physical cluster is written to the disk (see
Figure 18), is as per Formula (38):

m=@ux31+r)x3+e
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Byte numlﬁl(‘)é\{,(C from BIS (:S}rlrll%&%gg) Filling in upward direction
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
8 16,1 16,2 16,0 2 Start of blockrow N=16
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 End of block row N = Q_,(],"
1 2,2 2,0 2,1 1 Start of block row N =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 .\\V
1 2,23 2,21 2,22 1 End of blockrow N = 2
2 4,1 4,2 4,0 2 Startofblock row N = 4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 0,17 0 O\
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 i 0
1 2,17 2,15 2,16 1
2
5 0 0,9 0,10(')\ 0,11 0
1 2,14 2,12 2,13 1
2
6 0 0,6\ [~ 0,7 0,8 0
1 211 2,9 2,10 1
2 413 4,14 4,12 2
7 0 0,3 0,4 0,5 0 T Continuation of block row N =
i 28 26 27 1 T Continuation-ofblockrow N-=
2 4,10 4,11 4,9 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 blockrow N = 60

Figure 33 — Example of mapping (partial) of BIS bytes into first 8 units
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Byte number N,C from BIS Shift right Gy . .
block (= mod(r-3)) Filling in upward direction
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 rowlN = 1
1 0 1,18 1,19 1,20 Q"
11 0 1,15 1,16 1,17 &
12 0 1,12 1,13 1,14 NP
1 0 1,9 1,10 1,11 X
14 0 1,6 1,7 1,8 [N
1! 0 1,3 1,4 N 0 T Continuation of block row N = 1
1 3,8 3,6 3,7 1
2 5,10 511 59 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 block row N = 6[1

Figure 34 — Example of mapping (partial) of BIS bytes into last 8 unitg

Some ¢onclusions are as follows:

— all information bytes of a BIS block are found in the first 15 rows of each address unit;

— all parity bytes of a BIS block are found in the last 16 rows of each address unit;

— each address field is found in the first three rows of each address unit (see Figure 35).

13.14 ECC cluster
After constructing the LDC cluster and the BIS cluster, the LDC cluster is split into 4 groups of 38

columns each. In between these 4 groups, the three columns from the BIS cluster are inserted one by
one. After multiplexing the BIS cluster with the LDC cluster, the ECC cluster of Figure 35 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
«— > “— > «— — — > | « - “— — «— >
T AF,, AF, AF,
AF3, AF,, AFg,
AFg, AF, AFg Address
uc,, : : unit 0
""""" AF,, | [ TAF,, | T [ AR, | T
496 AT, , AF, AT,
rows AF¢ AF;, AFg, Addré¢ss
uc,, : : unit|l
J

Figure 35 — ECC cluster after multiplexing of BIS cluster with LDC cluster

13.15 Recording frames

Each row of gn ECC cluster is transformed into a recording frame by adding locations for frame sync
bits and for tle dc-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 bitsiand 27 groups of 45 data bits (see Figure 36), 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 framg sync,
which is a spdcial sequence of 30 modulation/channel bits.

Next, each grgup of 45 data bits-isi«completed with one additional bit position to form a dc-control block.
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46 bits

46 bits

25X 46 bits

P 155 bytes =
38 1 38 1 38 1 38
bytes byte| bytes byte bytes byte| bytes
< 1 240 bits >
25 45 s ] 45 45
bits bits bits | bits bits
Ffame Data dc Data dc Data dc
sync ! control control control
PO+ 25 1 45 r 0 45 1
P dc-control block #9 P dc-control block #{ ‘dc-control block #2@6‘ dc-control plock #2]

’

46 bifs

»
>

A

1 288 bits

Figure 36 — 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

13.17J1 General

All thq 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 of 22T and <8T ajnd with some

specia| properties. PP meahs: ‘parity preserve/prohibit RMTR as follows:

— Parity preserve:

the number of ONEs

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

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

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

signal efficiently (see 13.7.3).

alfthe recorded

—  Prohibit RMTR:

13.17.2Bit conversion rules

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.

Figure 37 defines the conversion rules from data bits to modulation bits. The data bits shall be processed
from the left to the right (msb first, see Figure 36). 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.

© ISO/IEC 2021 - All rights reserved

49


https://iecnorm.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

Data bits Modulation bits
00000000 010100 100 100
00001000 000100 100 100
0000 00 010 100 000
000001 010100 100
000010 000 100 000
000011 000 100 100
0001 000 100
0010 010 000
0011 010100
01 010
10 001
11 000 If preced@ng modulat%on b?ts =xxY
101 If preceding modulation bits'=xx0
Dipipaten | esioeing T condiontorsbstfion
110111 001 000 000 If next modulation bits = 010
Terminating Terminating
data bits modulation bits
00 00 010 100
00 000
Figure 37 — 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 polarityof this
signal can be inverted if an odd numbér of ONEs is added to the modulation-bit stream in a controll¢d way:.
Because of the parity-preserve preperty of the 17PP modulation code, this is possible just by ingerting
additional bit$ into the data-bit-stieam and setting these to ONE if an inversion is needed.

In this way, the accumulated DSV of the recorded signal shall be minimized after each dc-control block
by setting the dc-controhbit at the end of the previous dc-control block to ZERO or ONE (see Figufe 36).

13.17.4Frame sync

The physical ¢lusters consist of 16 address units, where each address unit contains 31 recording frames
(see Figure 18 and Figure 36).

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 of 9T).

The last six 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 37), then the first modulation bit of the frame sync # = ONE, else # = ZERO (see Figure 38).
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The frame sync patterns are defined in terms of modulation bits. A “1” 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
ES4 #01 010000000010000000010 000100
FS5 #01 010 000 000 010 000 000 010 001 001
FS6 #01 010 000 000 010 000 000 010 010 000

Figure 38 — 30-bit frame sync codes

Because seven different frame syncs are insufficient to identify 3t\k€cording frames, pach frame is
identified by the combination of its own frame sync and the frame sync of one of the preceding recording
frameg. The mapping of these combinations can be made such:that, even with missing ffame 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 39).

Rec. frame n-4 | Rec.framen-3 | Rec.frame®-2 | Rec.framen-1 | Rec.frajnen

Recording frame n can be identified from the frame sync IDs of the following:
Recording frame n + recording frame n-1;
Recording frame n + recording frame n-2;
Recording frame m#recording frame n-3;
Recording franie n + recording frame n-4.

Figure 39 — Identification of recording frames

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

The other frame syncs are mapped as specified in Figure 40.

© ISO/IEC 2021 - All rights reserved 51


https://iecnorm.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

13.18 Mody

Before being
converted to |

Frame number | Frame sync nT;rggr 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 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

lation and NRZI conversion

Figure 40 — Mapping of frame sync codes’on recording frames

recorded onto the disk, data bitscare converted to modulation bits that, in tu
NRZI channel bits according to the\process shown in Figure 41.

m, are

\

Data Modulation NRZI converted

. . Ex-OR .

bits bits NRZ channel bits
—» Modulator » : —|—
conversion
1T
T =1 channel clock period delay

Example of data bit pattern: 0 1 01 10 01

Modulation-bitpattern-—0——0-0—1—0-0—0—1-0140 |

52

NRZ converted signal:

-

L

NRZI converted signal:

Figure 41 — Modulation and NRZI conversion
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14 Physical data allocation 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. The run-in and run-out are offering sufficient buffering for
facilitating fully random write/overwrite.

Recording unit blocks can be written one by one or in a continuous sequence of several RUBs (write_
streaming).

In the

ewritable areas of the disk, a wobble cycle shall correspond to 69 channel bits if t

he channel-bit

rate is
chann
the no

14.2 1

14.2.1

Each H
496 x
wobbl

Each s
Guard

Figure

Such a

locked to the wobble frequency. This means that a modulated recording frameyy
] bits (= 1 288 data bits), covers exactly 28 wobble cycles. This locked case ds, cor
minal situation.

Recording unit block (RUB)

General

lUB consists of a data run-in of 2 760 cbs (nominally 40 #obble periods), a phys
1 932 cbs (nominally 496 x 28 wobble periods) and a data run-out of 1 104 cbs
e periods) as shown in Figure 42.

Run-in | Physical cluster [ /Run-out Guard_3

<40 wbs— | <496 x 28 wbs— | <16 wbs— | <8 wbs—

Figure 42 — Layout®f single written recording unit block

ingle written RUB or each.continuously written sequence of RUBs shall be ter
| 3 field, ensuring that nogaps (unrecorded areas) ever occurs between any 2 RUB
[43.

Guard_3 field shalliconsist of 540 cbs (nominally # 8 wobble periods).

hich is 1 932
sidered to be

jcal cluster of
[nominally 16

minated by a
s as shown in

Ryn-

Physicalieluster | Run-out Run-in | Physical cluster Physical cluster | Run-ouf]

Guard_3

<40

whs— | <1496 x 28 wbs— | <16 wbs—> | <40 wbs— | <496 x 28 wbs— <496 x 28 wbhs— | «<~16 wbs-{

<8 wbs—

Figure 43 — Layout of continuously written sequence of recording unit blq

cks

With the above choices, an SPS (see 14.3.2) of about +2 wobbles maximum and a start position accuracy
of about 0,5 wobble, random writing /overwriting leads to an overlap of between 3 and 13 wobbles and
a minimum length of non-overlapped data run-in of about 27 wobbles (minimum = 1 recording frame).

14.2.2

14.2.2

Data run-in

.1 General

The data run-in consists of the following parts as shown in Figure 44:
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— Guard_1: 1 100 channel bits;
— PrA (pre-amble): 1 660 channel bits.
The PrA field is meant as a runin for signal processing (for locking and synchronization).

The Guard_1 field is meant to cope with the overlaps due to the SPS and inaccuracies in determining the
start location of recording sequences.

Guard_1 PrA
1100 cbs 1 660 cbs
Optional APC | Repeated bit pattern Nominal
~ 5 wobbles ~ 11 wobbles ~ 24 wobbles

Figure 44 — Layout of data run-in

14.2.2.2 Content of Guard_1 field
The Guard_1 field has a length of 1 100 channel bits.
The content rgpresented in modulation bits is: 55 times repeated 01{02]1[02]10101[04]1[03].

These patterys result in a repeated 3T/3T/2T/2T/5T/5T sequence, which is well-suited to re-setftle the
electronic cirguits.

14.2.2.3 Autpmatic power control (APC)

The first fivd wobbles of the Guard_1 field at the start of a recording sequence can be uded for
performing ah automatic power-control procedure. The modulation-bit pattern to be used for such an
APC procedufte can be chosen freely by the recorder manufacturer and is allowed to be differerft from
the repeated pattern as defined in 14.2.2.2.

14.2.2.4 Content of PrA field
The PrA field has a length of 1 660 channel bits.

The content of the PrA field.shall be as shown in Figure 45.

77 time$ repeated 2 times repeated
01[02]1[02]10101[04}2[0%] | Sync_1 01[02]1[02]10101[0#]1[03] Sync_2 01[02]1[02]10101[0%]1[03]

<«——1540cbs— <30 cbs > «———40 cbs—— <30 cbs —> 20 cbs

Figure 45 — Layout of PrA field

In general, Sync_1 shall be FS{mod[(N + 4), 7]} and Sync_2 shall be FS{mod[(N + 6), 7]}, if the first frame
sync after the PrAis FS(N) (N= 0 .. 6, see 13.17.4).

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 are allowed to be used for
dc control (# = ZERO or ONE, see Figure 38).
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14.2.3

14.2.3

Data run-out

.1 General

ISO/IEC 30192:2021(E)

The data run-out consists of the following parts, as shown in Figure 46:

— PoA (post-amble):
— Guard_2:

564 channel bits;

540 channel bits.

The PoA field is meant as a runout for signal processing.

The Gfiard_2 field is meant to cope with overlaps due to the SPS and inaccuracies in de

startl

14.2.3
The Pq

bcation of recording sequences.

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

.2 Content of PoA field

Figure 46 — Layout of data run:out

A field has a length of 564 channel bits as shown in Figure 47.

The content of the PoA field shall be as shown .in'‘Figure 47.

In gen
before

This nj
The fix

fermining the

Svne 3 24 times repeated
yne- 01[08]1[08]1[08\108]1[08]1[07] 01[02]1[02]10101[0%]1[03]
<30 cbs > 54 cbs 480 cbs >

eans that\Sync_3 shall be FSO.

The 9

[ /OT/OT/QT/OT/OT nattarn 2ft
7 =7 =7 4 =7 D btk

arSunc A canha
SOy rre oo oeer

Figure 47 — Layout of PoA field

eral, Sync_3 shall-be chosen such that it corresponds to a frame number n + 1 if
the PoA endsiwith frame number n (see 13.17.4).

st bit of the Sync_3 patterns shall be used as defined in 13.17.4.

the user data

ston-ofusar data” indicat
S+t

14.2.3

.3 Content of Guard_2 field

The Guard_2 field has a length of 540 channel bits.

oTtryer-trerter—rrrerreore

o

The content represented in modulation bits is: 27 times repeated 01[02]1[02]10101[04]1[03].

©150/1
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14.2.4 Guard_3 field

14.2.4.1 General

Guard_3

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

The Guard_3

The content r

14.2.4.2 Aut

The last five v
an automatid
procedure ca
repeated patt]

14.3 Locating data relative to wobble addresses

14.3.1 Gene

The nominal
are the locati
and the first ¢

and Figure 52

The accuracy

14.3.2 Start

To avoid exce
RUBs) shall b
start position

- e —1 Guard—sfictd

ield has a length of 540 channel bits as shown in Figure 48.
ppresented in modulation bits is: 27 times repeated 01[0%]1[02]10101[04]1]03].

pmatic power control (APC)

Fobbles of the Guard_3 field at the end of a recording sequenee'can be used for perfq

h be chosen freely by the recorder manufacturer and is allowed to be different fr
ern as defined in 14.2.4.1.

ral

btart positions for recordings (and single RUB as continuous sequences of several
bns of the middle of the wobble in{NWL 25 in the reference unit between the Sync
Jata_x unit of the ADIP words with'a PAA of which bits AA1, AAO = 00 (see 15.7, Fig

).
for determining the startpositions shall be better than +34 cbs.

position shift (SPS)

ssive wear of the disk, the start of the writing of each recording sequence (one o

e shifted from its nominal start position by a random number of channel bits, cal
shift (-128\cbs < Tqpg < +127 cbs) (see Figure 49), where Tqpg is the shift value of SPS

rming

power-control procedure. The modulation-bit patternCto”be used for such apn APC

bm the

RUBSs),
| 3 unit
ure 50

- more
ed the
in cbs.
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NWL 25

Nominal
start
position

34 434
cbs cbs
Accuracy

“ 123 cbs range +127 cbs g

TSPS

-2,35wbs +2,33wbs
) Recording start position range i

Run-out | Ruri-in
Example of Tsps + inacctracy = 458 cbs
overwriting | Run-in oo
Tqps + inaccuracy ~ -80 cbs

Figure 49 — Nominal start position for data recording

Figures 50 to 52 show examples of how newly‘written RUBs overlap with previously writfen RUBs.

At the start of the newly written RUB, the.fun-in of the newly written RUB overwrites a part of the run-
out/Gyard_3 of the preceding RUB (if this had been written already before).

At thelend of the newly written RUB, the run-out/Guard_3 of the newly written RUB ovefwrites a part
of the run-in of the following RUB'(if this had been written already before).

In all gases, sufficient runtin/run-out is left over for recapturing of the detection electfronics during
randoin access.

Sync| 3 unit, |, N\ Refe_rence unit ol _ 1st Data_x uf)it ol ; 2nd Data_x uPit .
NWL 25 UNWL9 NWL 37 NWL9 NWL 37
. | 25,5 wb§
= - 4 "
' , 9,5 wbs
ﬁle nggrr{"é%}96 Run-out |Guard_3
: Il
. Cluster k Cluster k Cluster k
Run-in Rec.frame 1 Rec.frame 2 Rec.frame 3
Tsps ate
> -128 cbs [< +127 cbs
Nominal start position ___#
for writing ( & 34 cbs)
NOTE Tgps + inaccuracy of previous encoding = 0 and Tgpg = inaccuracy of new recording = 0.

Figure 50 — Example of nominal start position for data recording
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Sync_3 Unit | Reference unit N 15t Data_x unit N 2nd Data_x unit N
NWL 25 NWL9 NWL 37 LINWL 9 INWL 37
25,5 wh! .
a = ! . 9,5 wbs
ster k-
Reofeama 496 | Run-out| | Guar:i_3
. 1 k Cluster k Cluster k
Run-in %eucs.'fc;z;me 1 Rec.frame 2 Rec.frame 3

Nominal start position |

for writing
NOTE Tsps + inaccuracy of previous recording = +161 and Tgpg + inaccuracy of new recording = -162.
Figure 51 — Example of data recording with maximum overlap
Sync_3 unit | Reference unit =l 1t Data_x_unit - 27 Data x‘unit "
i 255 wbs ] NWL25 T NWL9 TNWL 37 TNWL9 7 NWL 37
! | — 9,5 wbs
etTEaus ho | | Run-out [ouard 3
. Cluster k Cluster k Cluster k
Run-in Rec.frame 1 Rec.frame 2 Rec.frame 3
Nominal sfjart position t
for writing
NOTE Tqpd + inaccuracy of previous recording = =162 and T¢pys+ inaccuracy of new recording = +161.

Figure 52 — Example of data recording with minimum overlap

15 Track format

15.1 Gener3l
A track is forthed by a 360° turn‘efia continuous spiral.

Each recording layer shall have the same basic tracks at about the same locations (see Figure 53). For
consistency reasons, the.sele recording layer on an SL disk is also called layer LO.

15.2 Track shape

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

L0) or ending at (on layer L1) radius 21,098’1 mm.

Transition from one groove type to another groove type between the BCA zone and the embossed HFM
area shall occur between radius r, = 22,0 mm and radius r; (see Figure 53). 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 radius
ri1 = 21 mm and the point where the encoding of the HFM groove in the embossed HFM area starts (on
layer LO) or ends (on layer L1) (see Clause 18).
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Inner zone n Data zone n

BCA Embossed HFM area Rewritable area
|« > | <
Layer LO | ———> —_—> —
VU0 UaWe UaWe Waly o
Straight groove HFM Wobbled .
r roove obbled groove
LTS . 8 g T-rackl.ng
'/ 2 direction
g I's
Layer L1 S e Ue UaUa U
Straight groove Wobbled groove ;
" Connection Connection N
area area

Figure 53 — Connection areas between different groove types

embossed HFM areas (see Clause 16), the tracks are formed by a single spiral groo

Ve, continuing

rruptedly from the end of the groove in the BCA zone (on layer k0)-or continuing unfinterruptedly

beginning of the groove in the BCA zone (on layer L1).

oove tracks in the embossed HFM areas move with a xather high-frequency de
direction around their nominal centrelines, providing ahigh bit rate/high-capacity
storage of replicated information (HFM groove).

ape of each track is determined by the requiremeénts in Clause 26.

rewritable areas (see Clause 16), the tracks are formed by a single spiral groove, sta
the embossed HFM area (on layer LO) orénding at the beginning of the groove in

HFM afrea (on layer L1).

The gi
direct
by rep

The w
drive
ADIP (

NOTE
acrony
"groov

The sh

oove in the rewritable areas move with a mainly monotone sinusoidal deviatior]
on around their nominal centrélines [wobbled groove(s)]. The sinusoidal deviation
acing some cycles at certainflocations by different patterns.

pbble can be used for §peed control of the disk and synchronization of the writ
vhile the modulated parts represent addressing information called address in |
ee 15.7).

Although the-term of "pre-groove" is not defined in this document, "ADIP" is wid
n of "addressin pre-groove" in optical disk standards. The meaning of "pre-groove" is the

b" in this,deCument.

ape ©fieach track is determined by the requirements in Clause 27.

viation in the
data channel

ting from the

the embossed

in the radial
is modulated

e clock of the
hre-groove or

ely used as an
same as that of

At the

connection between the embhossed HEM area and the rewritable area the cpirn] g

roove shall be

uninterrupted. Between the replicated information in the HFM groove and the ADIP information in the
wobbled groove, it may have a groove-only part (without any modulation) for a maximum of 1 mm in
the tangential direction along the track.

Groove geometry

The gr

ooves shall be nearer to the entrance surface of the disk than the land.

The grooves shall be at the inner side of their average centreline at the start of the monotone wobbles
(see Figure 54). Recordings shall be made on the grooves.
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Land

Substrate

Transmission stack

Read-out
beam

"

15.3 Track|

On layer LO, t
the disk rotat

On layer L1, t
the disk rotat|

On an SL disk
zone and shal

On a DL disk,
of the outer 7
the beginning
information z

15.4 Track|

y

“On-groove recording”

jgure 54 — Outline of groove geometry (radial cross-section ef the disk)

path

he spiral shall run from the inner side of the disk towards the outer side of the dis}
es according to the specification in 9.8.

he spiral shall run from the outer side of the disk-towards the inner side of the dis}
es according to the specification in 9.8.

the tracks shall start at the beginning of the inner zone, terminate at the end of th
| be continuous in the information zone (see Figure 12 and Figure 13).

the tracks on layer LO shall start-at the beginning of the inner zone, terminate at t
one 0 and be continuous in the)information zone. On layer L1, the tracks shall §

of the outer zone 1, terminiate at the end of the inner zone 1 and be continuous
pne (see Figure 12 and Eigure 14).

bitch

15.4.1 Trac

The track pit

tracks, measured ixthe radial direction.

The track pitdhshall be (2,0 £ 0,1) pm.

 pitch in BCA.zone

t when

t when

p outer

he end
tart at

in the

(TP) in BC€A zone is the distance between the average centrelines of a groove in adjacent

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

15.4.2 Track pitch in embossed HFM areas

The track pitch (TP) in embossed HFM areas 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 areas, shall be (0,350 + 0,003) um.
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15.4.3 Track pitch in rewritable areas

The track pitch (TP) in rewritable areas 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 rewritable areas, shall be (0,320 = 0,003) pm.

15.4.4 Track pitch between embossed HFM area and rewritable area

The change in track pitch from 0,35 pm to 0,32 pum (on layer LO) or vice versa (on layer L1) shall be
realiz§d—within maximum 100 tracks (revolutions), which tracks shall be located tompletely in
protedtion zone 2 (see Figure 81).

15.5 Track layout of HFM groove

15.5.1 General

In this|subclause, only the encoding format of the data is described. Thé-locations and thdir content are
definef in Clause 18.

The dqta in HFM groove is recorded in 4K partitions, called PIC clusters. Each such PIC cl:llster contains
two dgta frames, each with 2 048 bytes of data. The error,correction mechanisms used o protect this
data ahd the procedures used to build up fully-formatted-partitions are very similar to thjose described
in Clayse 13.

A reduced combination of an LDC + BIS code is usédas shown schematically in Figure 55.

For deftailed descriptions of the related processing steps and applied codes, reference if made to the
descriptions in Clause 13.

Sync
1 byte 10 bytes 1 byte 9 bytes
— [« > | > |« >
T | D J— Dy B, Dy e Dig T
Dyg o Dog B, P — :
"""" Datastream | : |~ | 216data
248 rows > > > > :
| oo J-_ondisk [ | __] :
_________________________________ R
T
| 32 palrities
v Bo7 —Dz711 v

Figure 55 — Schematic representation of 4K PIC cluster on disk

15.5.2 Data format

15.5.2.1 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 to the procedure described in 13.4. For the preset
of the scrambler, AUN;; .. AUN; (see 15.4.1 and 13.9.2.3) shall be used instead of PS4 .. PS;.

15.5.2.3 Data block

Each two scrambled data frames are mapped into an array of 216 rows x 19 columns as described in
13.5 and indicated in Figure 22 (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’13.6 and
13.7, with thel|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 secopd interleaving step, described in 13.8.3 is applied, where each' successive row is shifted
one more bytg position to the left [shift = mod(k, 19), in which k is theZrow number, 0 < k < 247]. The
bytes that shift out at the left side are re-entered in the array from the right side (see Figure 56).

«— 19 bytes —
« shift 0 €90 €1 |- €018 T
<« shift1 ey €1y | €13 €19
< shift 2 e, €5 | v | €54 €, €)1
— shift 18 €13.18 €150 A$ €517 248
< shift 0 €190 €191 |- €913 | TOwWs
<« shiftmod(k,19) [ ... CN-
x— shift 18 P24sias ,\f)246 @ [0 P246.17
<« shift 0 Pogzy | P2azq |- P247.18 v

Figure 56 — Interleaving of PIC LDC block

After this progess,the bytes are renumbered in the horizontal direction through all the rows, resulting
in the numbering By to D, 714 as indicated in Figure 55.

15.5.3 Addressing and control data

15.5.3.1 General

Unlike the format in rewritable areas of the disk, a BIS block, is composed of 4 BIS code-words, and
filled up with 8 addresses of nine bytes each, in 18 rows and two user control data units of 24 bytes
each, in 12 rows (see Figure 57).
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15.5.3

Comp4g

4 columns
0 1 2 3
T 0 AF,, AF,, AF,, AF,, T
1 AFg, AFy, AFg . AF, <
2 AFy4 AF,, AFy3 AFy,
3 AF ¢ AF,, AF,, AF ¢
4 AF,, AF, 4 AF, AF, 4
5 AF, ¢ AF, . AF, , AF, ,
6 AF; . AF,, AF;, AF,
7 AF;, AF; ¢ AF; AF;,
8 AF,, : : AF, 4 18.rpws
9 AF, , : : addrésses
10 AF¢, AF;
11 AF. - : :
1 BIS 12 AF¢, AF¢ 4 AF,, :
code-word 13 AF¢ ¢ : : :
=62bytes 14 AF. , AF,, | L AF,,
15 AF, - : :
16 AFg, : : AFg 4
17 AFg, AFg, AFgg AFg {
18 UCo0 UCyz0 YCoa UCs21
19 UCy o UCya9 UC, 4 UCy34 12 rpws
: : R : : user cpntrol
28 UCy00 UcC,, %\ UCy04 UC,, 4 data
29 UCi1,0 UGz UCi1a UCz3.4 T
30 Pbsoo Pb3os Pbsg Pbzo3
31 Pbsio Pbsy 4 pbs;p Pbs; 3 32 rpws
: : : : : parities
‘L 61 Pbesyp Pbeig Pbey. Pbgia | )
Code'word | Code word | Code word | Code word ‘
0 1 2 3

Figure 57 — PIC BIS block

.2 Address field

rableto the rewritable areas of the disk, where each 1/16 of a 64K cluster (=4K byte
address unit number (see 13.9.2), each 4K PIC cluster shall be identified by one

5) is identified

address unit

by ong

number. These address unit numbers shall increase by two for each successive 4K PIC cluster.

Each PIC BIS block contains 8 repetitions (S =0 .. 7) of the same address, where the flag bits are used to
identify the repetition number as follows:

— AF; ¢= MSB of address unit number (all the same for §=0..7);

— AF, ¢=2ndSB 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, = flagbits:

©150/1
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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 13.9.2.2.
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

more position to the left (see Figure 57).

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 Mepresented by
Formula (39){Byte AF, , shall be allocated in:

row r =2 k x + div(y, 4); and

column ¢ ¥ mod[(x + 8 - )), 4] (39)
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 57):
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 57) according|to the
procedure degcribed in 13.11 and 13.12, with the difference that there are only two columns (¢ 40 .. 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 55.
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 '-“\R)

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 (40) to (42):

Let byte b, . be the byte in row r and column c of the BIS block, and byte B; is the ith byte in the column
of the BIS cluster. Then:

r=mod(2

64

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

(40)
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c=mod(i, 4); (41

And vice versa
i=124 x mod(r, 2) + div(r;, 2) + 31 x mod{[4 - ¢ + div(r, 2)], 4} (42)
As aresult of this interleaving, the one-column 248-byte BIS cluster is divided into 8 groups of 31 bytes,

where each 31-byte group is composed of nine address bytes, six 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
1 c=0 T 2 3 < I 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 By, 248
12 6 Bioa rows
13 130 :

53 243

54 120 27

55 244

28 121 =

57 152 245

58 60\ |° 29 122

59 184 153 246
60 92 61 30 123 :
61 216 185 154 247 B, .7 \

Figure 58 — 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 55.

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

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
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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 59).

The modulation bits are recorded on the disk by a deviation of the groove from its average centreline
as indicated in Figure 59. The length of each bit cell shall be 36T, where T corresponds to the length of a
channel bit in the rewritable data areas.

Example of data bit stream

0 1 0 1 1 0

Average —\— J —/_
EroOVe — | = —imim i m i m poomemomomedbisomemooo =

centfe —
[ S SO

<>
36 T 36 T
Figure 59 — Biphase modulated HFM groove
15.5.4.3 Frame sync

Each recording frame starts with a synchronization pattern equivalent to 8 data bits. The first 4 bits
are replaced by 4-bit cells with a special pattern that violates thé normal biphase encoding rulgs (see
Figure 60: twp possible patterns depending on the initial phasé).
B Sync pattern -
Data Sync body Sync identification Dhpta
—> |« > | < > |«—
= - - - ID0 lD1 lD2 Parity
1 110 o(y1 o0 | O 1 1 X 1 X 1 X 1 I
1 110 0|1 o010 1 1 X 1 X 1 X 1 X 1

Figure 60 — Biphase synchronization pattern

Seven different sync patterns are identified by the last 4 bits: ID, .. ID, and a parity bit (see Figure 61).

66
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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

By me
record
15.5.3

The 3]
patter

The ot

rigure ol —  Syncidentiication

ans of the PIC BIS column, the 248 rows of a PIC cluster can be divided'into 8
ing frames, where each group of recording frames carries an address inyits first n

5).

| successive recording frames of each such group are identified-hy a special seq

hs (see also 13.17.4). The first recording frame of each group has/thie unique sync p
her sync patterns are mapped as specified in Figure 62.
Frame number | Sync number | Frame nimber | Sync number
0 FSO
1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 ES1 20 FS5
6 FS4 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

groups of 31
ine rows (see

lience of sync
hittern FSO.

Figure 62 — Mapping of sync patterns on PIC recording frames

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 as follows:

5,140 5 pm #* 0,005 pm for a disk with a user data capacity of 25,0 GB per layer averaged over the
rewritable areas.
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This corresponds to a fundamental frequency f, ., = 956,522 kHz at the reference velocity.

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, and two modulation methods shall be used simultaneously as follows:

the first

the seco

In the protect

modulation method is called “HMW” (harmonic-modulated wave).

jon zone 3 area in the outer zone(s) (see Clause 16 and 20.9), the groove shall bé mod

by MSK-cos oply and NOT by HMW.

Both modulat

ion methods shall represent ADIP information as defined in 15.7.

15.6.2.2 MSK-cos modulation

MSK-cos mod

mark (MM).

following wolj

the first N

lulation is applied by replacing three consecutive monotone wobbles by on
An MSK mark consists of the following three nominal wobble lengths NWL w
ble patterns as indicated in Figure 63:

(WL starts the MSK mark with a cosine wobble With a frequency = 1,5 x £, ,,,;

— the second NWL continues the MSK mark with a cosine'wobble with a frequency = f,,,.;

the third

Inner side
of disk
A

NWL terminates the MSK mark with a cesine wobble with a frequency = 1,5 x £, ..
Wobble:
=coS(21 % f,, 0, X t)
wobbles Wobtje: " Wobble:
\ +08 (270 % (1557 fyygp ) t) | -€OS(2 % (1,5 % fiyep )x t)
AP D EE—— 4#

ulated

b MSK
th the

\4

Outer side
of disk

68

) VY

< >l

MSK mark (MM) //

Monotone wobbles (MW): +cos(2t x f,,,, x t)

Figure 63 — Definition of MSK mark
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15.6.2.3 HMW modulation

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 (43):

COS(2 0 fygp X £) % @ SIN] 27 x (2 % f ) % €]

where a is 0,25.

(43)

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

harmonic represents a first-order approximation of a saw-tooth wave. The “+” or

“w,n “« n

sig

«,n « . n

or right inclination, where the “+” sign is used to represent the bit value ONE and the “+
represent the bit value ZERO (see Figure 64).

+cop(2m x f, o, xt) + axsin[2mx(2 x f, ) x t] +COS(2T % fi,op X £) - a x sinf27'% (2 X
v oy v
Innerfside < ONE 7 T ONE <) LERO |
of digk

T/

creates a left
ign is used to

fwob) x t]

Outer|side
-« »

15.7 ADIP information

15.7.1] General

T — <

Monotone wobbles (MW): +cos(2m x f,,, x t)

Figure 64— Definition of saw-tooth wobbles

Data tp be recorded onto the disk shall be aligned with the ADIP addresses modulated {n the wobble.
Therefore, 56 NWLs shall correspond to two recording frames (see 13.15). Each group of
is callgd an-ADIP unit (see Figure 65).
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2 recording frames
<——————1 932 channel bits 1 932 channel bits ———
Sync Data Sync Data
«—=95— «~=95—>
wobbles wobbles
1 ADIP unit
¢ 56 NWLs >

Figure 65 — General ADIP structure

15.7.2 ADIP|unit types

By inserting MM'’s into the 56 NWLs of an ADIP unit with unique distances between adjacen MM’s,
different typds of ADIP units can be created.

The ADIP units representing a data bit are additionally modulatedwith STW’s.
Furthermore,|a reference STW unit is defined. Each type of ADIP unit starts with an MM.
The following types of ADIP units are defined (see Figure*66):

— 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 13 MWs, one MM, 7 MWs, one MM and 27 MW;
— Sync_1 uit: consisting of one MM-followed by 15 MWs, one MM, 7 MWs, one MM and 25 MW;
— Sync_2 unit: consisting of onetMM followed 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 unjit: with x representing ONE or ZERO:

— Data]1 unit:'eonsisting of one MM followed by 9 MWs, one MM, three MWs, 37 STWs and onje MW;

— Data]Q4mit: consisting of one MM followed by 11 MWs, one MM, one MW, 37 STWs and orre MW.

The 4 Sync units are used for synchronization purposes while the Data_1 unit is used to represent the
bit value ONE and the Data_0 unit is used to represent the bit value ZERO.

70 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

NWL number0.... 3.. 18 s
Monotone unit N | HEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEE
Reference unit [ ] [ TTTTTNAARNANNARANNNANNNANNNNNNANANANNNRRNNRNN]
Sync_0 unit I [TT1 EEEEEE BEEEEEEEEEEEEEEEREEENEEREEN

IIIImlllIII-IIIIIIIIIIIIIIIIIIIIIIII
[ |
[ |
[ |

|

|
[
[
Sync_1unit N T
[ HEEEEEE BSEEEEEE BEEEEEEEEEEEEEEEEEEEEE
[
[
[

Sync_2 unit |
Sync_3 unit N HEEEEEEEE HEEEEEE BEEEEEEEEEEEEEEEEEE
[ NNANNRNRRRRRRRRRRRRRRRRRRNRRRRRRRRRRRRRN

Data_0 unit [ N
Data_1 unit [ N W 1 1T (AN ANAAAAAAAAAAAAAAAAAAAAAANAN

B MSK mark
[J Monotone wobble
N Saw tooth wobble representing ZERO [ Saw tooth woblhlé reprefsenting ONE

Figure 66 — ADIP unit types

15.7.3] ADIP Word structure
83 ADIP units are grouped into one ADIP word.

This means that three ADIP words correspond to 3 x 83 £ 2'= 498 recording frames, which is equivalent
to onejrecording unit block (RUB) (see 14.2).

Each ADIP word shall be constructed as indicated inrFigure 67.
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ADIP unit number | ADIP unit type ‘gﬁlgur;%belf i?éilzoffrmogf
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, Q
10 Data_x b, ('19
11 Data_x b, o Qq,
12 Data_x b, N
13 Reference — -
14 Data_x b, O
15 Data_x b, \\Q/
16 Data_x b, O “
17 Data_x by NP
18 Reference — —
8+ix5 Reference — —
9+ix5 Data_x Qo>
10+ix5 Data_x O,
11+ix5 Data_x & b, i
12+ix5 Data_x D by
78 Referenge — —
79 Data_x b,
80 Data_x b,
81 Data_x by €14
82 Data_x b,
Figure 67 — ADIP word structure
15.7.4 ADIP|Data structure
15.7.4.1 General

Each ADIP word contains in a total of 60 bits, which forms 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 68.
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Nibble b, b, b, b,

n, AA23 AA22 AA21 AA20 T
n, AA19 AA18 : : 6 nibbles ADIP

: : : : : address
ng AA3 : : AAO d
ng AX11 : : : T

: : : : : 3 nibbles Aux data
ng AX3 : : Ax0 [

FHenre- 63—ADBHP-informationrstraetire

The nipbles n, to ng are transcoded to nibbles ¢, to c;4 by an error correction systém-(see|15.7.5).

Because this error correction system is non-systematic, there is no simple directrelatiorjship between
the bitls in the information array and the coded bits in the ADIP unit.

15.7.4.2 ADIP information bit assignments

The information contained in the ADIP data bits shall be as follows:

— AA2 .. AO0: These 24 bits shall contain the physical ADIP address (PAA). AA23 shall be the msb and
AAO shall be the Isb. This address shall consist of three’parts:

—| AA2..A21: These 3 bits shall indicate the layer. number and shall be set to: 000 oh layer LO and
to 001 on layer L1. All other settings shall bereserved;

—| AA2..A2: These 19 bits shall contaiira sequential number, which shall increage by one after
each 3 consecutive ADIP words (synchtonized to the RUB’s, see 14.2);

—| AA1,AAO0: These 2 bits shall be'set to 00, 01 and 10 consecutively in 3 successivie ADIP words
corresponding to one RUB. The setting 11 shall not be used.

The fifst address in the information zone on layer LO shall be such that the first addreps in the data
zone, Which is PAA 02 00 00h, is’located at radius 24,09'(?1 mm.

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

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

The lagt addressyof the data zone on layer L1 (3D FF FEh) shall be located at a radius 24,026)1 mm.

— AX1..X0: These 12 bits contain auxiliary information about the disk:

- d=l 1 e L) Jil o L) ol | h L. | i | -l h . 1 111
- IT1T UIIC Udld LUllCLb} dllU UIIC OULCI LUIICLDJ Ul ULIT UISK, UIT dUXIIIdAl _y UILS SIIdIT DT 5L tO ZERO,
— inthe inner zone(s) of the disk, the auxiliary bits shall be used as follows;

— AX1..X0 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 69).

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

Layer number Sequence number Intra-RUB number

AAl, AAU =UU,UL,1U

PAAyqnlayer LO | AA23..AA21=000 AA20 .. AA2 f :
rom inner to outer

AA1, AA0 =00,01,10

PAA,dnlayer L1 | AA23.AA21=001 AA20 .. AA2 from outétd inner
Layer L0 First address Last address
0200 00h ... PAA, | . DAA
1 T 1 T 1 T 1
Inner zpne ! ! ! " Outer zone
P v DY v
3D FFFEh ... PAA, | OV .. FAA
Layer L1 Last address First address

Figure 69 — Illustration of PAA relation between layer LO and layer L1

Mathematicallly, this can be expressed as follows.

After adding [CO 00 01h to PAA,, all 24 bits are inverted, resulting directly in the full corresppnding
address PAA;|on layer L1 as Formula f44):

PAA; =PAA,+C00001h (44)

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

This way, the [ast address of data zone 1 can be derived as Formula (45):

3DFF FEW=020000h+C00001h (45)

And the first address of data zone 1 is as per Formula (46):

FAA=LAA+C00001h (46)

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 nine information nibbles and the minimum distance of this code is seven.
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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 (47):

px)=x*+x+1 (47)
The symbols of GF(2%) 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 (48):

C(x) zc xx14- ’—Zn xg(1) +n8><gp (x) (48)

wherelg,(x) is the parent generator polynomial:

13

gp(x)zl_[(x—ai); and

i=0

g (x) is a specific generator polynomial for each symbol n; (i 3-0\"7).

g®D(x) |s derived from the parent generator polynomial g,(x) bynremoving one of the zerpes z; of g, (x)
and ndrmalizing the result such that g()(z)) = 1. The zero z; tolbe removed is given by Forrhula 149)

1 4i+6 (49)

The ggnerator polynomials are then calculated as Formula (50):

() (x)=L Y 50
g\ (x) 5 (50)
where
g i) (x)zip_(:) ;and
B :g(i) (Zi)'

Beforgrecording on the disk, all bits of the nibbles cq to ¢4 shall be inverted.

Because the’ code is non-systematic, an additional calculation is needed to derive th¢ information
symbdls\from 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 Formula (51):

n;=5;.6=C 2C1 o6 (51)
ng is a systematic symbol and can be obtained from C(x) directly by copying symbol c,,.

NOTE Each information symbol n; corresponds to a ZERO in the parent generator polynomial g, (x). Figure 70
gives the corresponding zero factor for each information symbol (note that ng does not have a corresponding zero).
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If an informa

In other wor
code. Becaussd

This phenomg

15.8 Disk in

sy | Csiond
(x-a%
(x-a)
(x-a3)
(x-a%
(x-a"
(x-a%)
n, (x-a)
111 (1( = (/{'7)
n, (x-a?®)
ng (x-a%)
n, (x - a9
ng (x-a')
ng (x-a'?)
n, (x-a'?)

Figure 70 — Corresponding zero factor for each information symbol

ion symbol is known and its corresponding zero extends the existing series of [zeroes
corresponding to (x - @) .. (x - a°) .., the Hamming distance increases. For instance, if n,, is knoyn, the
Hamming disfance becomes d = 8. If both ny and n, are knew, the Hamming distance becomes d 3 9, etc.

s, prior knowledge of information symbols can increase the Hamming distance|of the

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

non can be used for additional chécking of the reliability of the decoding result.

formation in ADIP aux frame

15.8.1 General

The informatjion nibbles from.the auxiliary fields of 96 consecutive ADIP words are groupdgd into
frames of bytps and carry several disk parameters. The nibbles are re-ordered into bytes accorgling to
eral disk infermation (DI) aux frames can be grouped into a DI block. All disk information
blocks shall hpve the satne content.

Figure 71. Sey

76
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ome bob, | bg | b | by | by | b, | by | b

0 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word1 | word1 | word1 | word1 | word1 | word1 | word1 | word 1

1 AX3 AX?2 AX1 AXO0 AX11 AX10 AX9 AX8
word1 [ word1 | word1 | word1l | word2 | word2 | word 2 | word 2

) AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word 2 | word2 | word2 | word2 | word2 | word2 | word 2 | word 2

3 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word3 word3 word3 word3 word3 word3 word3 vord 3

141 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word 95

142 AX3 AX?2 AX1 AXO0 AX11 AXT0 AX9 AX8
word 95 | word 95 | word 95 | word 95 | word 96¢] " word 96 | word 96 | Wword 96

143 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 71 — ADIP aux frame byte ordering

15.8.2| Error protection for disk information‘aux frames
The D]laux frames are protected by a longiistance RS error correction code according to|13.7. Because
such allong-distance code is built up from 248 bytes, 104 dummy bytes (not recorded or] the disk) are
added|to complete the long distance*Blaux frame code words (see Figure 72).
Bytes pg | .. €103, in 13.7 represent the dummy bytes (all set to FFh), bytes e;g4 .. €515 [represent the
disk infformation bytes, and byt€s p,yg ; .- P247, represent the parity bytes.
DI block
Dlaux frame |«DIux frame | DIaux frame Dl aux frame | DI auj frame
N-1 0 1 0

N-1
\\

1 DI aux frame from disk: ————>
96 ADIP words X12 bits =144 bytes

.

<

N
rd

< Dummy bytes:
104 bytes added to each DI aux frame

FFh Disk information unit (112 bytes) Parity

< 216 >|€<— 32—

Long-distance error-correction code word

Figure 72 — 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 DI aux frames (see Figure 72). 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 (see Figure 81 and Figure 82), the auxiliary bits can be set to ZERO or can contain DI
aux frames (sfich that the sequence is contiguous with a DI aux frame 0 at the addresses specified

The 112 disk
unit shall star

DI units can d
units that hay
Byte 2 in the
types of DI un

If the number
consecutive [
continuation

An usage of D

Whenever ne
way, backwar
frames prese
velocity (byte

15.8.3.2 Gen

Each DI units

information bytes in each DI aux frame are called a disk information (DI)atnit. H
t with 8 bytes, forming the DI unit header (see 15.8.3.2).

e different definitions for their content, a unique identification of such DI units is
DI unit header, the DI format number, shall be used for this purpose. With this by
its with different content can be distinguished.

[ units, in which case, bit b; of byte six indicates that the next DI unit in the sequer
bf the actual one.

[ blocks is given in 15.8.3.7.

v DI aux frames are added, the existing ones-can still be used if appropriate and
ds compatibility with existing drives can.be facilitated. Each drive should check all
it on the disk and, based on the DI format number (byte 2) and the indicated rec
s 32 to 35), only use the ones that itis'supporting (see also 15.8.3.7).

eral definitions for DI unit

hall consist of a header, a'body and a footer as depicted in Figure 73.

hbove).

ach DI

ontain different sets of parameters, such as different write strategies. To diStingr:LiSh DI

eded.
e, 256

of parameters of a single set do not fit in one DI unit, such*aset shall be stored in multiple

jce is a

n that
DI aux
ording

Byte Number]
number Content of bytes
Oto1l 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)
Headefr 4 Legacy information 1
o 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 8t0 99 |DI-unit content 92
100 to 105 |Disk manufacturer ID 6
106 to 108 |Media type ID 3
Footer -
109 to 110 |Time stamp 2
111 Product revision number 1

78

Figure 73 — General DI unit format
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Bytes

Byte 2:

NOTE

ISO/IEC 30192:2021(E)

O0to1: Diskinformation 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 description of byte 6).

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.

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 pri}rent backwards-compatibility problems of newer disks with older drives as much
umber and a version number have been introduced.

class

The cl{
by legd
to the

is neeq

The vq
class-1
a writ
contai
the wi

Consequently, drives should always check for the presence of a DI unit with a DI format n

to the
timing
the caj

By usi
disks d

Each 13
numbg

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
rive). If the read compatibility can be made to conform to an existing)class, no new
led.

rsion number is incremented if the new specifications imply)an extension/change
umber update is needed (read compatibility is maintained) and the new specifica
b-compatibility break. Although such a BD layer is carrying a higher version num
h a DI unit according to a previously defined DI forniat,if this layer can be recorde
ite strategy as defined in such DI unit.

Hrive. In such cases, the recording parameters (such as e.g. recording velocities, rec
requirements) needed to set the relatedswrite strategy can be checked and if the
pabilities of the drive, the drive should\accept the disk for recording.

hg the class number and version durmber as described above, backwards compatil
an be maximized while still préventing possible damage to disks and drives.

iyer type (defined by bytes8to 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

as possible, a

bt be accessed
to the disk or
class number

for which no
fions result in

%er, it still can

according to

hmber known
prding power,
se are within

ility of future

The DI format
br DI unit set.
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Byte 3:

Bits by, to bs:

Bits b, to by:

Byte 4:

Byte 5:

80

Number of DI aux frames in each DI block/Number of the layer to which this DI
unit applies

this DI unit apply.

Legacy information

This byte shall be set to as follows:

01h on SL disks:

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

02h on DL disks;
00h on other disks.

DI unit sequence number in DI block

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 DI unit
the actual DI block (0 sn<N-1).

The sequence of DI units shall be ordered (see Figure.74) first according to incy
nominal recording velocity (byte 32 to 33), second,‘within each sequence of D|l units
with the same nominal recording velocity, according to ascending layer number (
and third according to the preference of the wtite strategy (identified by the DI
number, but need not be in the sequence of DEformat numbers).

within
easing

byte 3)
format

Sefluence number | Recording velocity Layer number Write strategy
0 0 Preferred WS
1 Alternative WS
: 1 Preferred WS
k-1 Alternative WS
k V1 Preferred WS
: Alternative WS
: k-1 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 74 — Example of DI block sequence
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Byte 6:

Bit b,:

ISO/IEC 30192:2021(E)

Continuation flag/Number of DI bytes in use in this DI unit

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

This bit specifies if the parameter set in this DI unit is continued in the next DI unit or

ONE if the parameter set in this DI unit is continued in the next DI unit (see Figure 75).

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 the footer (see e.g. Figure 76).

Byte2 =..
Byte 3 =N / Layer LO
Byte5=n-1

Byte 6, bitb,=0

End of precedifig parameter set

T
|
|

Parameter set
for layer L1

|
|
|
\s

spans 3 DI units

Byte 2 =x

Byte 3 =N / Layer L1
Byte5=n

Byte 6, bitb, =1

Start of actual'\parameter set

Byte 6, bitb,=..

Figure 75 — Example of DI unit extension

Byte 2 =x Q
gyte . f e %;*}’ Continuation of actual parameter set
yte5=n+1 o .
Byte 6, bitb, =1 ,g«\(;x
=
Byte 2 =x ~\@
Byte 3 =N é;:\ayer 5
Byte 5 = i .
B i = :
y?'gi’ht i End of actual parameter set
Byte2 =.. Start of next parameter set
Byte 3 = N / Layer LO
Byte5=n+3

Byte 7:

Bytes 8 to 99:

Bytes 100 to 105:

Reserved

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.

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.
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Bytes 106 to 108: Media type ID
The format and the content of these 3 bytes require agreement between the
interchange parties, else these bytes shall be set to all 00h.

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 p, of byte T09 plus bits b, to b, of byte T10 shallform one TZ-bit binary number rep}esent-
ing the yefar of production.

Bits b; to|b, of byte 110 shall form one 4-bit binary number representing the month of prodyction.
If the tim¢ stamp is not used, both bytes shall be set 00h.

Byte 111: Product revision number

This byte shall identify the product revision number ifvbinary notation. All disks
with the same disk manufacturer ID and the samemeédia type ID, regardless of
the product revision numbers, shall have the same recording propertief (only
minor differences are allowed: product revisian'numbers shall be irrelevant for
recorders).

The content of this byte can be chosgnnfreely by the disk manufacturefr. This
document does not specify the formatand the content of this byte. It shall be
ignored in interchange.

15.8.3.3 Defjnitions for DI format 1(N-1 write strategy A)

The content of the body of DI units according to\B¥format 1 shall be as depicted in Figure 76.
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Byte number Content Nu;l, ?gsr of

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 to 15 Reserved 2

16 BCA descriptor 1

17 Maximum transfer rate 1

18 to 23 Reserved 6

24 to 31 Data zone allocation 3

32to 35 Recording velocities 4

36 to 39 Maximum dc read powers 4

40 to 43 Maximum HF-modulated read powers 4

44 to 47 Reserved 4

48 to 55 Write power settings at nominal recording velocity 38

56 t0 63 X\éll“(i)tcei tp;ower settings at maximum recording 8

64 to 71 erte_ power settings at minimum recording 3

velocity

72 Typ Write multi-pulse duration 1

73to 75 Ty, first write pulse duration 3

76 to 78 dTy,, first write pulse start tm:ne . . 3
at nominal recording velocity

79 to 81 dTtop first write pulse'start t.lme . . 3
at maximum recording velocity

82 to 84 thop first write'pulse star.t t_1me . . 3
at minimum recording velocity

85 to 87 Reserved 3

88 Ty, erase multi-pulse duration 1

89 to 91 dTy first erase pulse start tlme? . . 3
at nominal recording velocity

92 to 94 dTy first erase pulse start t1r.r1e ' . 3
at maximum recording velocity

95 1697 dTy first erase pulse start .tlr'ne ' . 3
at minimum recording velocity

98 Erase-flag bits 1

99 Unused = 00h 1

100 4 144
1UU LU 111

Dl el -
DUISUIIIt 10ULcl

N
NP

Figure 76 — Content of disk information for DI format 1
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Bytes 0 to 1:

Byte 2:

Byte 3:

Disk information identifier
See 15.8.3.2.

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.

Number of DI aux frames in each DI/Number of the layer to which t
unit applies

See 15832

his DI

Byte 4:

Byte 5:

Byte 6:

Byte 7:

Bytes 8 to 10:

Byte 11:

Bits b, to b:

Bits b5 to bl,:

Bits bs to b,:

N

=

Legacy information
See 15.8.3.2.

DI unit sequence number in DI block
See 15.8.3.2.

Continuation flag/Number of DI bytes in use in this\DI'unit

This byte shall be set to 63h to indicate that the first99 bytes of the DI unit aj
and that there is no continuation in the next DI unit, All remaining bytes of the
body (excluding the bytes in the DI unit footer) are unused and shall be set t

Reserved
See 15.8.3.2.

BD layer type identifier

These three bytes identify thetype of the BD layer to which this DI unit appl
shall be set to 42 44 57h, representing the characters “BDW”, in each rewritabl

Disk size/Class/Version
These two bits speacify the disk size. They shall be set to 00, to indicate a 120 m

These two bits specify the class number. The class number identifies BD la

e used
DI unit
b 00h.

es and
e layer.

m disk.

yers of

the same-layer type but with different basic specifications. BD layers accordling to

this dectiment shall have these bits set to 00. drives that are not familiar
particular class of layers should not access the data zone of such layers (neit
reading nor for writing)

These 4 bits specify the version number. They shall be set to 0010, to indicate
according to this document.

with a
her for

a layer

Byte 12:

Bits b, to by:

Bits b; to by:

Byte 13:

84

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 to indicate one recording layer.
On DL disks they shall be set to 0010 to indicate two recording layers.

e disk.

These 4 bits specify the type of BD recording/recorded layer to which this DI unit

applies:

Bits b to b, shall be set to 0100, to indicate a rewritable recording layer.

Channel bit length

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

Bits b, to by:

Bits b to b:

Bytes

14 to 15:

<

ISO/IEC 30192:2021(E)

These 4 bits shall be set to 0000.

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: to indicate a channel-bit length of 74,5 nm (25,0 GB per layer);

other settings: reserved.

Reserved

Byte
Bits

Bits

Byte 1

Bytes
Bytes

Byt

Byt

O.
b; to by:

b to by:

7:

18 to 23:

24 to 31:

ps 24 to 27:

ps 28 tol31:

B€Adescriptor
These 4 bits shall be reserved.

These 4 bits shall indicate the presence of a BCA code on thisldisk as
0000: indicates that there is no BCA code;
0001: indicates that the BCA code present;

other settings: reserved.
Maximum transfer rate

This byte shall specify the maximum{read transfer rate needed by {
number n such that:

n = maximum read transfer rate in Mbit/s (n < 255; M = 10°)

n shall be set to 00h, to indicate no maximum transfer rate is specifig
Reserved
Data zone allocation

These bytes spécify the first physical ADIP address of the data zone of th

In each DIunit relating to layer L0, these bytes shall be set to 00 02 00 (
PAA 131 072 as the first PAA of data zone O.

In each DI unit relating to layer L1, these bytes shall be set to a value FA
ble 00 26 B1 80h for a disk with a user data capacity of 25,0 GB per lay
FAA as the first PAA of data zone 1.

These bytes specify the last physical ADIP address of the data zone of th

In each DI unitrelating to layer L0, these bytes shall be set to a value LA
be 00 19 4E 7Eh for a disk with a user data capacity of 25,0 GB per lay

follows:

he BDAP as a

e related layer.
Oh to indicate

A, which shall
er, to indicate

b related layer.

A, which shall
er, to indicate

Bytes

32 to 35:

LAA as the last FAA oI data zone U.

In each DI unitrelating to layer L1, these bytes shall be set to 00 3D FF FEh to indicate

PAA 4 063 230 as the last PAA of data zone 1.

Recording velocities
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Bytes 32 to 33:

Byte 34:

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

nom

These bytes specify the nominal recording velocity, to be used with the parameters

n shall be equal to 01 ECh to indicate a nominal recording velocity of 4,92 m/s.

This byte shall specify the maximum recording velocity, to be used with the param-

eters as defined in this DI unit.

It shall specify the maximum recording velocity as a number n such that:

Byte 35:

If these bytes
possible at an
velocitiy conc

n=100x Voo / Voo (7= 100)

Here, n shall be equal to 64 h to indicate a maximum recording velocityequa
nominal recording velocity.

to the

This byte shall specify the minimum recording velocity, to be uséd with the param-

eters as defined in this DI unit.
It shall specify the minimum recording velocity as a number’'n such that:
n=100xV ../ Viom (n<100)

Here, n shall be equal to 64 h to indicate a minimum-ecording velocity equa
nominal recording velocity.

om

specify a velocitiy range (value of byte 34 > vajue of byte 35), then recording s
y velocitiy within this range. The actual values*of the write strategy parameters
erned, can be derived from the specified values'for the minimum, nominal and ma

to the

hall be
for the
kimum

recording velgcities by interpolation.
Bytes 36 to 39: Maximum dc read power
The maximum read power is defined as the maximum optical power on the entrance
surface of the disk, at which at least 106 successive reads can be applied without
degrading the recordeéd signals (see 30.8).
Byte 36 This byte shall spécify the maximum dc read power P, at the reference velofity, in
milliwatts, as'a number n such that:
n=100,xP,
Byte 37 Thisbyte shall specify the maximum dc read power P, at the nominal recording vielocity
as defined in bytes 32 and 33 of this DI unit, in milliwatts, as a number n sudh that:
n=100x P,
Byte 38 This-byte-shall speeify-the-maximum-deread-powerPat the-maximumreeording
velocity as defined by byte 34 of this DI unit, in milliwatts, as a number n such that:
n=100 x P,
Byte 39 This byte shall specify the maximum dc read power P, at the minimum recording
velocity as defined by byte 35 of this DI unit, in milliwatts, as a number n such that:
n=100x P,
NOTE For reading 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.

86
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the reference

illiwatts, as a

Fhe maximum
as a number

the minimum
as a number

d power can be

ng values are

get in the OPC

as a number

alget in the OPC

in the OPC al-

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 106 successive reads can be applied without
degrading the recorded signals (see 30.8).
Byte 40 This byte shall specify the maximum HF-modulated read power P, at
velocity, in milliwatts, as a number n such that:
n=100x P,
Byte 41 This byte shall specify the maximum HF-modulated read power P, at the nominal
TECOTAINE Velocity a5 defied Im bytes 32amd 33 -of tihis Diumit 1
number n such that:
n=100x P,
Bytg 42 This byte shall specify the maximum HF-modulated readpower P, at
recording velocity as defined by byte 34 of this DI unit;in milliwatty,
n such that:
n=100x P,
Byte 43 This byte shall specify the maximum HF-modnlated read power P, at
recording velocity as defined by byte 35.0f this DI unit, in milliwatty,
n such that:
n=100x P,
NOTE For reading at lower velocities than the lowestispecified velocity, a reduction of the rea|
necessqiry to guarantee stability of the recordings on-the disk.
Bytes{44 to47: Reserved
Bytesd8 to 71: Write power settings
For each of the byte fields fto (f+ 7), with f= 48, 56 and 64, the follow
defined at three different recording velocities:
Bytp f: P\p: Pyyp-can be used as a starting value for the determination of P, |
procédure (see Annex G for detailed procedure).
This byte shall specify the indicative value Pjyp of Py, g, in milliwatty,
msuch that:
n =20 x Pi\p
Bytp(f+1):  myyp: myyp can be used as a starting value for the determination of P,
l.ll ultouurl T LDCC AllllCA G fUl dCLal}Cd lJl ULCdul CJ
This byte shall specify the modulation at Pjy as determined by the media manufac-
turer as a number n such that:
n= 200 X mIND
Byte (f+2):  p: This byte shall specify the write power multiplication factor p, used
gorithm (see Annex G for detailed procedure), as a number n such that:
n=100xp
Byte (f+3): &gy This byte shall specify the write bias/write-peak power ratio &gy, used in the OPC

algorithm (see Annex G for detailed procedure), as a number n such that:

n =200 x ey
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Bytes 48 to §

Bytes 56 to 6

Bytes 64 to 71:

88

Byte (f+ 4):

Byte (f+5):

Byte (f+ 6):

Byte (f+ 7):

Byte 48:
Byte 49:
Byte 50:
Byte 51:
Byte 52:
Byte 53:
Byte 54:
Byte 55:

Byte 56:
Byte 57:
Byte 58:
Byte 59:
Byte 60:
Byte 61:
Byte 62:

Byte 63:

Byte 64:

£c: This byte shall specify the cooling/write peak power ratio &, used in the OPC al-

gorithm (see Annex G for detailed procedure), as a number n such that:

n =200 x &; = Byte (f+ 3);

£c shall be equal to epyy

€g1: This byte shall specify the erase/write peak power ratio-1, &g, used in the OPC

algorithm (see Annex G for detailed procedure) as a number n such that:

n=200 x &g

£g: This byte shall specify the erase/write peak power ratio-2, g,, used in the OPC

5:

algorithm (see Annex G Ior detalled procedurej as a number n such that:

n=200 x &g,

€, shall be equal to eg;.

k: This byte shall specify the target value for k, used in the OPC pracedure (see A

for detailed procedure) as a number n such that:

n=20xk
Write power settings at nominal recording velocity
Pinp at nominal recording velocity
myyp at nominal recording velocity
p at nominal recording velocity
ggw at nominal recording velocity
£c at nominal recording velocity
£g; at nominal recording vélocity
£p, at nominal recording velocity
k at nominal reeording velocity
Write poweFr-settings at maximum recording velocity
Piyp agiraximum recording velocity
Mgy at maximum recording velocity

p at maximum recording velocity

nnex G

ggw at maximum recording velocity

£c at maximum recording velocity

£g; at maximum recording velocity

£, at maximum recording velocity

k at maximum recording velocity

Write power settings at minimum recording velocity

Pinp at minimum recording velocity
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Byte 65:
Byte 66:
Byte 67:
Byte 68:
Byte 69:

Byte 70:

ISO/IEC 30192:2021(E)

myyp at minimum recording velocity
p at minimum recording velocity
ggw at minimum recording velocity
£c at minimum recording velocity
€g1 at minimum recording velocity

£g, at minimum recording velocity

Bytp7T:

Byte 72:

Bytes|73 to 75:

Bytp 73:

K al minimum recording velocity

T\;p write multi-pulse duration

This byte shall specify the duration of the second and higherpulses of the multi-pulse

train for recording marks (see F.2 for detailed definition);

The multi-pulse duration T)p consists of two contributions: a variable p
part as follows:

Twp = Tmpyar + Tvp fix
The first 4 bits (bit b, to b,) of this byte shall specify the variable part 3
the actual channel bit clock period as an unsigned binary number p suc
T
p=16>< MP, var
Ty
The last 4 bits (bit b; to b)) of this’byte shall specify the fixed part expr
an unsigned binary numbergsuch that:

q = Tp ix
T;,p, first write pulse duration

This byte shallspecify the duration of the first pulse of the multi-puls
cording marks\with run lengths 24T (see F.2 for detailed definition).

The first\pulse duration T;

op,4
fixedpart as follows:

Ttop,4T = Ttop,var + Ttop,fix
The first 4 bits (bit b; to b,) of this byte shall specify the variable part 3
the actual channel bit clock period as an unsigned binary number j such

T

top,var

hrt and a fixed

s a fraction of
h that:

essed in ns as

P train for re-

t consists of two contributions: a varialple part and a

s a fraction of
that:

j=16x

A4

The last 4 bits (bit b; to by) of this byte shall specify the fixed part expressed in ns as

an unsigned binary number k such that:

k = Ttop,fix
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Byte 74: This byte shall specify the duration of the first pulse of the multi-pulse train for re-
cording marks with a run length of 3T (see E.2 for detailed definition).

The first pulse duration T, 31 consists of two contributions: a variable part and a
fixed part as follows:

Ttop,3T = Ttop,var + Ttop,fix
The first 4 bits (bit 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 number j such that:

j=16x Ttop,var
The last 4 bits (bit b; to b)) of this byte shall specify the fixed part, expressed illl ns, as
an unsigned binary number k such that:

k= Ttop,fix

Byte 75: This byte shall specify the duration of the first pulse of the mulfispulse train [for re-
cording marks with a run length of 2T (see E.2 for detailed definition).

The first pulse duration T, 1 consists of two contributiefs: a variable partand a
fixed part as follows:

Ttop,ZT = Ttop,var + Ttop,fix
The first 4 bits (bit b, to b,) of this byte shall specify the variable part, as a fradtion of
the actual channel bit clock period, as an unsigned binary number j such that:

T,
j= 16x top,var
w

The last 4 bits (bit b; to b)) of this byte shall specify the fixed part, expressed i ns, as
an unsigned binary number k such that:

k= Ttop,fix

Bytes 76 to 84: dT,, first write pulse start time

For each of the byte fields fto (f + 2), with f= 76, 79 and 82, the following valijes are
defined at the foellowing three different recording velocities.

Byte f: The first fiyebits (bit b, to bs) of this byte shall specify the start time of the firsf pulse
of the multi=pulse train for recording marks with run lengths 24T, relative to thie trail-
ing edgeof the first channel-bit of the data pulse (positive values are leading, ng¢gative
valdes'are lagging; see E.2 for detailed definition).

The first pulse start time dT,, 47 is expressed as a fraction of the actual charnel bit
clock period as a signed two’s-complement binary number i such that:
dT,
i=16x—2P
Ty
The last three bits (bit b, to b)) of this byte shall be reserved.
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Byte (f+1):  The first five bits (bit b, to b;) 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 F.2 for detailed definition).

The first pulse start time dT;,, 37 is expressed as a fraction of the actual channel bit
clock period as a signed two’s-complement binary number i such that:
dT,
i=16x—2
w
The last three bits (bit b, to b,) of this byte shall be reserved.

Bytp (f+2): The first fivr bits (bit 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 lengthlof RT, relative to
the trailing edge of the first channel bit of the data pulse (positivé valugs are leading,
negative values are lagging; F.2 for detailed definition).

The first pulse start time dT,,, o is expressed as a fraction of the actual channel bit
clock period as a signed two’s-complement binary number i such that:
dT,
i=16x—2
w
The last three bits (bit b, to b,) of this byte shall be reserved.
Bytes(76 to 78: dT,, first write pulse start time at neminal recording velocity

Bytg 76: dT,,, at nominal recording velocity:for recording marks with run lengths >4T.

Byte 77: dT,,, at nominal recording velogity for recording marks with a run length of 3T.

Byt 78: dT;,, at nominal recordingwelocity for recording marks with a run length of 2T.

Bytes(79 to 81: dT,, first write pulse start time at maximum recording velocity

Byt 79: dT,,, at maximym-recording velocity for recording marks with run lengths 24T.

Byte 80: dT,,, at maximum recording velocity for recording marks with a run lepgth of 3T.

Bytg 81: dT,,, @ymaximum recording velocity for recording marks with a run lepgth of 2T.

Bytes82 to 84: dT, first write pulse start time at minimum recording velocity

Bytp 82: dT,,, at minimum recording velocity for recording marks with run lengths >4T.

Byte 83: dT,,, at minimum recording velocity for recording marks with a run lejgth of 3T.

Byte BZ: dT;,, at minimum recording velocity for recording marks with a run length of 2T.

Bytes 85 to 87: Reserved
Byte 88: T erase multi-pulse duration
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This byte shall specify the basic duration of the pulses of the multi-pulse train for
recording of spaces (see E.2 for detailed definition).

The multi-pulse duration T} consists of two contributions: a variable part and a fixed
part as follows:

TE = TE,Var + TE,fix

The first 4 bits (bit 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 number v such that:

TE,var

v=16Xx

JAL

Bytes 89 to 97:

Byte f:

Byte (f+ 1):

The last 4 bits (bit b; to b)) of this byte shall specify the fixed part, expressed illl ns, as
an unsigned binary number w such that:

w = T fix
dTy first erase pulse start time

For each of the byte fields fto (f + 2), with f= 89, 92 and 95, 'the following valyes are
defined at three different recording velocities:

The first five bits (bit b; to b3) of this byte shall specifythe start time of the firsft erase
pulse following the recording of marks with run lengths 24T, relative to the tfrailing
edge of the last channel bit of the data pulse {positive values are leading, nggative
values are lagging; see E.2 for detailed definifion).

The first erase pulse start time dTg 47 is expressed, as a fraction of the actual channel
bit clock period, as a signed two’s-complement binary number u such that:
dT,
u=16x—L
Ty
The last three bits (bit b, to by) of this byte shall be reserved.

The first five bits (bit b»fo b3) of this byte shall specify the start time of the firsf erase
pulse following the recording of 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, ng¢gative
values are lagging; see F.2 for detailed definition).

The first erase’pulse start time dTg 37 is expressed, as a fraction of the actual channel
bit clockperiod, as a signed two’s-complement binary number u such that:
dT,
U=16x—=
w
TFhe last three bits (bit b, to by) of this byte shall be reserved.

Byte (f+ 2):

Bytes 89 to 91:

92

The first five bits (bit b, to b3) of this byte shall specify the start time of the first erase
pulse following the recording of 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 F.2 for detailed definition).

The first erase pulse start time dTy 5 is expressed, as a fraction of the actual channel
bit clock period, as a signed two’s-complement binary number u such that:

dT.
uU=16x—"r

T,
w
The last three bits (bit b, to b)) of this byte shall be reserved.

dT first erase pulse start time at nominal recording velocity
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Byte 89: dTy at nominal recording velocity when the preceding mark has a run length >4T.
Byte 90: dTg at nominal recording velocity when the preceding mark has a run length of 3T.
Byte 91: dTg at nominal recording velocity when the preceding mark has a run length of 2T.

Bytes 92 to 94: dT first erase pulse start time at maximum recording velocity

Byte 92: dTg at maximum recording velocity when the preceding mark has a run length >4T.
Byte 93: dTg at maximum recording velocity when the preceding mark has a run length of 3T.
BytF 94" dTg at maximum recording velocity when the preceding mark has a rui} length of 2T.

Bytes|95 to 97: dT first erase pulse start time at minimum recording velocity

Bytk 95: dTg at minimum recording velocity when the preceding markhas a runf{length of 4T.

Byt 96: dTg at minimum recording velocity when the precedingmark has a run|length of 3T.

Byte 97: dTg at minimum recording velocity when the prece@iing mark has a run{length of 2T.
Byte 98:

Bit{b, tob,: Reserved

Bit pe: if set to ZERO, Pgp shall be equal to Pgyat the minimum recording velocjty.

if set to ONE, Pgp shall be equal to-£;, at the minimum recording velocity.

Bit b,: if set to ZERO, Pg; shall be equal to Py, at the minimum recording velocjty.

if set to ONE, P shall be.equal to P, at the minimum recording velocity.

Bit ps: if set to ZERO, Py shall be equal to Pg; at the maximum recording velodity.

if set to ONE, Pgpishall be equal to Py, at the maximum recording velocity.

Bit b,: if set to ZERQ, P shall be equal to Pg; at the maximum recording velodity.

if set to.ONE, Pg; shall be equal to P, at the maximum recording velocity.

Bit b;: if sét to ZERO, Pg shall be equal to Pg; at the nominal recording velocitjy.

if:set to ONE, P shall be equal to Py, at the nominal recording velocity

Bitby: if set to ZERO, P shall be equal to Pg; at the nominal recording velocitjy.

if set to ONE, Pg; shall be equal to Py, at the nominal recording velocity

Byte 99: Reserved
Bytes 100 to 111:DI unit footer

See 15.8.3.2.

15.8.3.4 Definitions for DI format 2 (N-1 write strategy B)

The content of the body of DI units according to DI format 2 shall be as depicted in Figure 77.
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DI unit
o 00h.

Byte number Content Nulr)nber of
ytes
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
14to 15 Reserved 2
16 BCA descriptor 1
17 Maximum transfer rate of application 1
18 to 23 Reserved 6
24 to 31 Data zone allocation 8
34to 35 Recording velocities 4
34 to 39 Maximum dc read powers 4
4( to 43 Maximum HF-modulated read powers 4
44to 47 Reserved 4
44 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 T\, first write pulse duration 12 x 2
93 to 94 T, p last-pulse duration 2
93 to 97 dTy erase level start time 3
94 to 99 Unused = all 00h 2
100 to 111 DI-unit footer 12
Figure 77 — Content of diskiinformation for DI format 2
Bytes 0 to 31!: Same as specifications'in 15.8.3.3, except for the following bytes:
Byte 2: DI format number
This byte shall be set to 02h for disks with BCA code.
This byteshall be set to 82h for disks without BCA code.
Byte 6: Continuation flag/Number of DI bytes in use in this DI unit
This byte shall be set to 62h to indicate that the first 98 bytes of the DI unit afe used
and that there is no continuation in the next DI unit. All remaining bytes of the
body (excluding the bytes in the DI unit footer) are unused and shall be set
Bytes 32 to 35: Recording velocities
Byte 32to 33:  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.
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Byte 34

Byte 35:
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as defined in this DI unit.
It shall specify the maximum recording velocity as a number n such
n=100xV_ . /Viom (n=100)

This byte specifies the maximum recording velocity to be used with the parameters

that:

Here, n shall be equal to 64h to indicate a maximum recording velocity equal to the

nominal recording velocity.

as defined in this DI unit.

This byte specifies the minimum recording velocity to be used with the parameters

hat:

Bytes

By

By

By

By

NOTE 1
necess

n=100xV, . /V._ (n<100)

Here, n shall be equal to 64h to indicate a minimum recording velocif
nominal recording velocity.

36 to 39: Maximum dc read powers

The maximum read power is defined as the maximwm optical power o
surface of the disk, at which at least 106 suceessive reads can be ap]
degrading the recorded signals (see 30.8),

te 36 This byte shall specify the maximum,ddpead power P, at the referer

milliwatts, as a number n such that:
n=100x P,

te 37 This byte shall specify the maximum dc read power P,, at the nomi
velocity as defined in bytes 32 and 33 of this DI unit, in milliwatts,

such that:
n=100x P,

te 38 This byte shall specify the maximum dc read power P, at the maxim

velocity as-defined by byte 34 of this DI unit, in milliwatts, as a numb
n=100'x P,

te 39 This'byte shall specify the maximum dc read power P, at the minim

velocity as defined by byte 35 of this DI unit, in milliwatts, as a numb
n=100x P,

For'reading at lower velocities than the lowest specified velocity, a reduction of the rea
\ry tO guarantee stability of the recordings on the disk.

y equal to the

h the entrance
plied without

ce velocity, in

nal recording
hs a number n

um recording
er n such that:

um recording
er n such that:

d power can be

Bytes

Byte 40

40t0 43T 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 106 successive reads can be applied without

degrading the recorded signals (see 30.8).

velocity, in milliwatts, as a number n such that:
n=100x P,
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Byte 41

Byte 42

Byte 43

NOTE2  For

This byte shall specify the maximum HF-modulated read power P, at the nominal
recording velocity as defined in bytes 32 and 33 of this DI unit, in milliwatts, as a

number n such that:
n=100x P,

This byte shall specify the maximum HF-modulated read power P, at the maximum

recording velocity as defined by byte 34 of this DI unit, in milliwatts, asan
n such that:

n=100x P,

recording velocity as defined by byte 35 of this DI unit, in milliwatts, as.a
n such that:

n=100x P,

reading at lower velocities than the lowest specified velocity, a reduction ofthe‘read powe

necessary to gliarantee stability of the recordings on the disk.

Bytes 44 to 4
Bytes 48 to §

Byte 48:

Byte 49:

Byte 50:

Byte 51:

Byte 52:

Byte 53:

Byte 54:

96

7:
5:

Reserved
Write power settings

Pj\p: Piyp can be used as a starting value/for-the determination of P,

arge
OPC procedure (see Annex G for detailed procedure).

This byte shall specify the indicativexalue Py, of P in milliwatts, as

ber n such that:
n= 20 X PIND

target

myyp: Myyp can be used as@astarting value for the determination of P

targe
OPC procedure (see Annex G for detailed procedure).

This byte shall specify the modulation at Pjyp as determined by the medi
ufacturer, as a nuimber n such that:

n =200 x.mgp
p: This pyte shall specify the write power multiplication factor p, used in t
algorithm (see Annex G for detailed procedure), as a number n such that:
n=100xp

€gw: This byte shall specify the write bias/write peak power ratio egy,
the OPC algorithm (see Annex G for detailed procedure), as a number n sud

umber

can be

in the

A num-

in the

H Inan-

ne OPC

1sed in
h that:

n=200x¢sru,
Dvv

£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¢&;

gg: This byte shall specify the erase/write peak power ratio €, used in the OPC

algorithm (see Annex G for detailed procedure), as a number n such that:
n=200x¢gg

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
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Byte 56:
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Reserved

T\;p write multi-pulse duration

This byte shall specify the duration of the second and higher pulses of the mul-

ti-pulse train for recording marks (see E.3 for detailed definition).

The multi-pulse duration Ty consists of two contributions: a variable part and

a fixed part as follows:

Typ = Tvpyar + Tvipfix

The first 4 bits (bit b; to b,) of this byte shall specify the variable part, as a fraction

Bytes|57 to 68:

Byjtes 57 to 60:

oI the actual channel bit clocK peri1od, as an unsigned binary numb

T,
MP,var
=16X———
P T;

w
The last 4 bits (bit b; to by) of this byte shall specify thefixed par
of the time period Ty, where Ty = 15,15 ns at 1x recerding velocity
at 2x recording velocity. The value is expressedras an unsigned b
q such that:

dT,

top first write pulse start time

br p such that:

, as a fraction
br Ty = 7,58 ns
jnary number

The first five bits (bit b; to hy) of these bytes specify the start time of the first

pulse of the multi-pulse trainfor recording marks with run length
>4T that succeed a 2T, 3T;4T or 25T space (see E.3 for detailed def

5 of 2T, 3T and
nition).

The first pulse start time dT,,, is expressed, as a fraction of the actyal channel bit

clock period, as a.sighed two’s-complement binary number i such {

dT,
i=16x—2R

w
The last three bits (bit b, to b)) of these bytes shall be reserved.

These bytes specify the start time of the first pulse of the multi-f
tecording marks of run lengths 24T that succeed a space with 1
2T, 3T, 4T or =5T, relative to the trailing edge of the first channel
pulse (positive values are leading, negative values are lagging; see H
definition).

hat:

ulse train for
un lengths of
bit of the data
.3 for detailed

g marks with

Byte 57: This byte shall specify the start time of the first pulse for recordi
run lengths 24T that succeed a space with a run length =5T.

Byte 58: This byte shall specify 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: This byte shall specify 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: This byte shall specify 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 61 to 64:

Byte 61:

Byte 62:

These bytes specify the start time of the first pulse of the multi-pulse train for
recording marks of a run length 3T that succeed a space with a run length 2T, 3T,
4T or 25T, relative to the trailing edge of the first channel bit of the data pulse
(positive values are leading, negative values are lagging; see F.3 for detailed
definition).

This byte shall specify the start time of the first pulse for recording marks with
arun length of 3T that succeed a space with a run length =5T.

This byte shall specify the start time of the first pulse for recording marks with
arun length of 3T that succeed a space with a run length of 4T.

Byte 63:

Byte 64:

Bytes 65 o 68:

Byte 65:

Byte 66:

Byte 67:

Byte 68:

Bytes 69 to 92:

This byte shall specify the start time of the first pulse for recording matrks with
arun length of 3T that succeed a space with a run length of 3T.

This byte shall specify the start time of the first pulse for recording marks with
arun length of 3T that succeed a space with a run length of 2T,

These bytes specify the start time of the first pulse of the ‘multi-pulse trpin for
recording marks of a run length of 2T that succeed a$pace with a run lepgth of
2T, 3T, 4T or 25T, relative to the trailing edge of the first channel bit of the data
pulse (positive values are leading, negative valuesare lagging; see F.3 for detailed
definition).

This byte shall specify the start time of thefirst pulse for recording marks with
arun length of 2T that succeed a space’with a run length of 25T.

This byte shall specify the start time of the first pulse for recording marks with
arun length of 2T that succeed asspace with a run length of 4T.

This byte shall specify the start time of the first pulse for recording mar}§s with
arun length of 2T that sti¢ceed a space with a run length of 3T.

This byte shall specifythe start time of the first pulse for recording marks with
arun length of 2T-that succeed a space with a run length of 2T.

T, first write’pulse duration

These bytes specify the duration of the first pulse of the multi-pulse trpin for
recording marks with run lengths of 2T, 3T, and 24T that succeed a space|with a
runlength of 2T, 3T, 4T or 25T (see E.3 for detailed definition).

The first pulse duration T, consists of two contributions: a variable parf and a
fixed part as follows:

Teop= Tropwar * T

op~ top,var

op,fix

Byte f:

98

For each of the byte fields fto (f+ 1), with f= 69, 71, .. 91 the following values are
defined:

The first five bits (bit b, to b3) of this byte shall specify the variable part, as a
fraction of the actual channel-bit clock period, as an unsigned binary number j
such that:

T
- 16 % top,var
/ T,

4
The last three bits (bit b, to b)) of this byte shall be reserved.
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Byte (f+ 1):

Bytes 69 to 76:
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The first five bits (bit b, to bs) of this byte shall specify the fixed partas a fraction
of the time period Ty where Ty = 15,15 ns at 1x recording velocity or Ty = 7,58 ns
at 2x recording velocity. The value is expressed as an unsigned binary number

k such that:

T )
k=16x top,fix

T,
X
The last three bits (bit b, to b,) of this byte shal be reserved.

These bytes specify the duration of the first pulse of the multi-pulse train for
recording marks with run lengths 24T that succeed a space with a run length of

By

By

By

By

By,

By

By,

By

By

By

tes 69 and 70:

tes 71 and 72:

tes 73 and 74:

tes 75 and 76:

tes 77 to 84:

tes 77 and 78:

tes 79 and 80:

tes 81 and 82:

tes 83 and 84:

tes 85 te92:

21,51, 41 or 25T (see k.5 Tor detalled detinition).

These bytes specify the duration of the first pulse for recording m|
lengths 24T that succeed a space with a run length 2 5T.

These bytes specify the duration of the first pulse forrecording ml
lengths 24T that succeed a space with a run length' of 4T.

These bytes specify the duration of the first pulse for recording m|
lengths 24T that succeed a space with a rufi length of 3T.

These bytes specify the duration of thé(first pulse for recording m|
lengths 24T that succeed a space with-a run length of 2T.

These bytes specify the durationof the first pulse of the multi-
recording marks with a run length of 3T that succeed a space wit
of 2T, 3T, 4T or 25T (see E.3for detailed definition).

These bytes specify the'duration of first pulse for recording mar
length of 3T that suceeed a space with a run length =5T.

These bytes specify the duration of the first pulse for recording ma
length of 3T that succeed a space with a run length of 4T.

These bytes specify the duration of the first pulse for recording ma
length.of 3T that succeed a space with a run length of 3T.

These bytes specify the duration of the first pulse for recording ma
length of 3T that succeed a space with a run length of 2T.

These bytes specify the duration of the first pulse of the multi-
recording marks with a run length of 2T that succeed a space wit
of 2T, 3T, 4T or =5T (see E.3 for detailed definition).

arks with run

Aarks with run

arks with run

arks with run

ulse train for
h a run length

ks with a run

rks with arun

rks with arun

rks with arun

ulse train for
h a run length

By

Bytes 87 and 88:

Bytes 89 and 90:

Bytes 91 and 92:

tes 65 and oo:

Bytes 93 to 94:

These bytes specily the duration of the (TSt pulse for recording ma
length of 2T that succeed a space with a run length =5T.

rks with a run

These bytes specify the duration of the first pulse for recording marks with a run

length of 2T that succeed a space with a run length of 4T.

These bytes specify the duration of the first pulse for recording marks with a run

length of 2T that succeed a space with a run length of 3T.

These bytes specify the duration of the first pulse for recording marks with a run

length of 2T that succeed a space with a run length of 2T.

T, last pulse duration
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Bytes 95 to 97:

Bytes 98 to 99:

Bytes 100 to 111:

Byte 93:

Byte 94:

Byte 95:

Byte 96:

Byte 97:

These bytes specify the duration of the last pulse of the multi-pulse train for
recording marks with run lengths of 3T and 24T (see F.3 for detailed definition).
The last pulse duration T} consists of two contributions: a variable part and a
fixed part

Tip=Tipyar + TLpfix

The first 4 bits (bitb, to b,) of each byte shall specify the variable part, as a fraction
of the actual channel-bit clock period, as an unsigned binary number s such that:

T
s=16x LP,var
w

of the time period Ty where Ty = 15,15 ns at 1x recording velocity or Ty ='¥,58 ns
at 2x recording velocity. The value is expressed as an unsigned bimary number ¢
such that:

The last 4 bits (bit b; to by) of each byte shall specify the fixed partas a fEction

T o e
t=16x LP fix

T,

X

This byte shall specify the duration of the last pulselofthe multi-pulse trpin for
recording marks of run lengths 24T (see F.3 for detailed definition).

This byte shall specify the duration of the last.pulse of the multipulse trpin for
recording marks of a run length of 3T (see’E.3 for detailed definition).

dT; erase level start time

The first six bits (bit b, to b,) of theSe'bytes specify the start time of the erase level,
succeeding the recording of matk's with run lengths of 2T, 3T and 24T (ppsitive
values are leading, negative values are lagging; see F.3 for detailed definifion).

The start time of the erasedevel dTy, is expressed as a fraction of the actual chan-
nel-bit clock period as-a signed two’s-complement binary number u such that:
dT;
u=16x—L-
Ty
The last two bits (bit b; to b)) of these bytes shall be reserved.

This byte'shall specify the start time of the erase level succeeding the recording
of marks with run lengths >4T.

This byte shall specify the start time of the erase level succeeding the recpording
of marks with a run length of 3T.

This byte shall specify the start time of the erase level succeeding the recording

of marks with a run length of 2T.
Reserved.
DI unit footer

See 15.8.3.2.

15.8.3.5 Definitions for DI format 3 (N/2 write strategy)

The content of the body of DI units according to DI format 3 shall be as depicted in Figure 78.

100
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Byte number Content Nulr)r;, ?g; of
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 to 15 Reserved 2
16 BCA descriptor 1
17 Maximum transfer rate of application 1
18 to 23 Reserved 6
24 to 31 Data-zone allocation 8
32to 35 Recording velocities 4
36 to 39 Maximum dc read powers 4
40 to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write power settings 8
56 to 57 Ty;p write multi-pulse duration 2
58to 61 dT,,, first write pulse start time 4
62 to 69 T\, first write pulse duration 4 x 3
70to 73 T, p last pulse duration 2 %
74 to 77 dTy erase level start time 4
78 to 99 Unused = all 00h 22
100 to 111 DI-unit footer 12
Figure 78 — Content of disk information for DI format 3
Bytes|0 to 31: Same as specifications in 15.8.3.3, except for the following bytes:
Byte 2: DI format number
This byte shall be set to 03h for the disks with BCA code.
This byte shall be set to 83h for the disks without BCA code.
Byte §: Continuation flag/Number of DI bytes in use in this DI unit
This byte shall be set to 4Eh to indicate that the first 78 bytes of ghe DI unit are
used and that there is no continuation in the next DI unit. All remgdining bytes of

the DI unit body (exciuding the bytes in the DI unit tooter) are unused and shall
be set to 00h.

Bytes 32 to 35: Recording velocities
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Bytes 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

Here, n shall be equal to

nom

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 shall specify the maximum recording velocity to be used with the pa-

Byte 35:

Bytes 36 to 39:

Byte 36

Byte 37

Byte 38

rameters as defined 1n this DI unit.
It shall specify the maximum recording velocity as a number n suchcthat:
n=100xV_. /V. ., (n=100)

Here, n shall be equal to 64h to indicate a maximum recording velocity e
the nominal recording velocity.

om

This byte shall specify the minimum recording velocity to be used with {
rameters as defined in this DI unit.

It shall specify the minimum recording velocity~as’'a number n such that:
n=100xV_../Viom (< 100)

Here, n shall be equal to 64h to indicate’a/minimum recording velocity e
the nominal recording velocity.

om[

Maximum dc read powers

The maximum read power is,defined as the maximum optical power, on
trance s urface of the diskat which at least 10 successive reads can be &
without degrading recorded signals (see 30.8).

This byte shall specify the maximum dc read power P, at the reference v{
in milliwatts, as\ahumber n such that:

n=100x"P,

This byte’shall specify the maximum dc read power P, at the nominal reg

jual to

he pa-

Jual to

he en-
pplied

locity,

prding

velacity, as defined in bytes 32 and 33 of this DI unit, in milliwatts, as a number

nsuch that:
n=100 x P,

This byte shall specify the maximum dc read power P,, at the maximum red

ording

vnln(‘ify’ as defined hy ]’\yfr—\ 24 ofthis DI unit in m\'”iv\mﬂ'c, asanumbernsu

h that:

Byte 39

n=100x P,

This byte shall specify the maximum dc read power P, at the minimum rec

ording

velocity, as defined by byte 35 of this DI 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 the stability of the recordings on the disk.

102
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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 applied
without degrading the recorded signals (see 30.8).

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,

Byte 41 This byte shall specify the maximum HF-modulated read power P, at the nominal
TECOTAINE VEloCity as defimed I by tes 32 amnd 33 of this Diumit, immilliwatts, as
a number n such that:

n=100x P,

Byfte 42 This byte shall specify the maximum HF-modulated read power A, at the maxi-
mum recording velocity as defined by byte 34 of this.DI unit, in njilliwatts, as a
number n such that:

n=100x P,
Byjte 43 This byte shall specify the maximum HE-modulated read power A, at the mini-

mum recording velocity as defined by-byte 35 of this DI unit, in njilliwatts, as a
number n such that:

n=100 x P,

NOTE?2Z Forreading atlower velocities than the lowestispecified velocity, a reduction of the read power can be

necessgiry to guarantee the stability of the recordings>on the disk.

Bytesid4 to 47:
Bytes48 to 55:

By(te 48:

By(te 49:

Reserved
Write power settings
Py\pi Pypr¢an be used as a starting value for the determination gf Py, g in the

OPC procedure (see Annex G for detailed procedure).

This byte shall specify the indicative value Py of P in milliwatts, as a num-

bern such that:
n= 20 X PIND

target’

myyp: myyp can be used as a starting value for the determination gf Py, g in the
OPC procedure (see Annex G for detailed procedure).

This byte shall specify the modulation at Py, as determined by tHe media man-
ufacturer, as a number n such that:

Byte 50

Byte 51:

n= 200 X mIND
p: This byte shall specify the write power multiplication factor p, used in the OPC
algorithm (see Annex G for detailed procedure), as a number n such that:
n=100xp
ggw: This byte shall specify the write bias/write peak power ratio €gy, used in
the OPC algorithm (see Annex G for detailed procedure), as a number n such that:

n =200 x gy
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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=200 x g
Byte 53: gg: This byte shall specify the erase/write peak power ratio ¢, used in the OPC
algorithm (see Annex G for detailed procedure), as a number n such that:
n=200x¢&g
Byte 54: 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
Byte 55: Reserved

Bytes 56 to §7:

Byte 56:

Byte 57:

Bytes 58 to q1:

T);p write multi-pulse duration

These bytes shall specify the duration of the second and*iigher pulses|of the
multi-pulse train for recording marks (see E.4 for detailed definition).

The multi-pulse duration T)p consists of two contributions: a variable pqrt and
a fixed part as follows:
Tmp = Tmpyar + Tmpfix

The first five bits (bit b, to b3) of this hyte shall specify the variable part, as a
fraction of the actual channel-bit clockspériod, as an unsigned binary nuinber p
such that:

The last three bits (bit byo b)) of this byte shall be reserved.

The first five bits (bitbs to bs) of this byte shall specify the fixed partas a fraction
of the time period-T; where Ty = 15,15 ns at 1x recording velocity or Ty = {,58 ns
at 2x recording yvelocity. The value is expressed as an unsigned binary number
q such that:

TMP,fiX

q=16x
X

Thelast three bits (bit b, to by) of this byte shall be reserved.

dT,

top first write pulse start time

The firstfive bits (bit b, to b;) of these bytes specify the start time of the firgt pulse

104

of the multi-pulse train for recording marks with runlengths of 2T, 3T, [4T,6T,8T],
and [5T,7T,9T] (positive values are leading, negative values are lagging; see F.4
for detailed definition).

The first pulse start time dT;, is expressed, as a fraction of the actual channel bit
clock period, as a signed two’s complement binary number i such that:

thop

i=16x

T,
w
The last three bits (bit b, to b)) of these bytes shall be reserved.
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Byte 59:

Byte 60:

ISO/IEC 30192:2021(E)

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 F.4 for detailed definition).

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 F.4 for detailed definition).

This byte shall specify the start time of the first pulse of the multi-pulse train for
rnrnrr‘ing markswith a2 run ]nngfh of Q'T" relative tao the frai]ing edge of the first

Byfte 61:

Bytes|62 to 69:

Byte f:

Byjte (f+ 1):

channel bit of the data pulse (positive values are leading, negat
lagging; see F.4 for detailed definition).

This byte shall specify the start time of the first pulse ofthe multi-

ve values are

bulse 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 arerleading, negative values are
lagging; see F.4 for detailed definition).

T;,p, first write-pulse duration
These bytes specify the duration of thefirst pulse of the multi-gulse train for
recording marks with run lengths of 2T, 3T, [4T,6T,8T] and [ST,7TPT] (see F.4).

The first pulse duration T
fixed part as follows:

Top = Ttopyar * Tt

top,var
For each of the byte fieldsfto f+ 1, with f= 62, 64, 66 and 68, the following values
are defined.

op CONSists of two contributions: a variaple partand a

op,fix

The first six bits (bit b, to b,) of this byte shall specify the variable part, as a fraction
of the actual ehannel bit clock period, as an unsigned binary numHer j such that:

Ttop, var

j=16x
w
The'last two bits (bit b; to by) of this byte shall be reserved.

The first six bits (bit b; to b,) of this byte shall specify the fixed pajt as a fraction
of the time period Ty where Ty = 15,15 ns at 1x recording velocity ¢r Ty = 7,58 ns
at 2x recording velocity. The value is expressed as an unsigned bjnary number
k such that:

k=16x Ttop, fix

Bytes 62 to 63:

Bytes 64 to 65:

Bytes 66 to 67:

Bytes 68 to 69:

T,
X
The last two bits (bit b; to by) of this byte shall be reserved.

These bytes specify the duration of the first pulse of the multi-pulse train for
recording marks with run lengths of [5T,7T,9T] (see F.4 for detailed definition).

These bytes specify the duration of the first pulse of the multi-pulse train for
recording marks with run lengths of [4T,6T,8T] (see F.4 for detailed definition).

These bytes specify the duration of the first pulse of the multi-pulse train for
recording marks with a run length of 3T (see F.4 for detailed definition).

These bytes specify the duration of the first pulse of the multi-pulse train for
recording marks with a run length of 2T (see F.4 for detailed definition).
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Bytes 70 to 73:

T\ last pulse duration

These bytes specify the duration of the last pulse of the multi-pulse train for re-
cording marks with run lengths of [4T,6T,8T], and [5T,7T,9T] (see F.4 for detailed
definition).

The last pulse duration T consists of two contributions: a variable part and a
fixed part as follows:
Tip = Tipyar * TLpfix

For each of the byte fields fto f+ 1, with f= 70 and 72, the following values are
defined:

Byte f:

Byte (f+ [1):

Bytes 70 fo 71:

Bytes 72 to 73:

Bytes 74 to 7|7:

The first five bits (bit b; to b3) of this byte shall specify the variable'part, as a
fraction of the actual channel-bit clock period, as an unsigned binary number s
such that:

T
s=16x LP, var

w
The last three bits (bit b, to b)) of this byte shall be réserved.

The first five bits (bit b, to bs) of this byte shall specify the fixed partas a ffaction
of the time period Ty where Ty = 15,15 ns at 1xrecording velocity or Ty = {,58 ns
at 2x recording velocity. The value is expressed as an unsigned binary nujmber ¢
such that:

T o =
t=16x LP, fix

Ty
The last three bits (bit b, to bg) of this byte shall be reserved.

These bytes specify the duration of the last pulse of the multi-pulse trpin for
recording marks with run'lengths of [5T,7T,9T] (see F.4 for detailed definfition).

These bytes specifiy. the duration of the last pulse of the multi-pulse trpin for
recording marks\with run lengths of [4T,6T,8T] (see F.4 for detailed definjition).

dTy eraseilevel start time

The first’six bits (bit b; to b,) of these bytes specify the start time of ar] Erase
leyel stcceeding the recording of marks with run lengths of 2T, 3T, [4T)6T,8T]
and [5T,7T9T] (positive values are leading, negative values are lagging, fee F.4
for detailed definition).

The start time of the erase level dTj is expressed, as a fraction of the actual chan-
nel bit clock period, as a signed two’s-complement binary number u such fhat:

Byte 74:

Byte 75:

106

dr,
u=16x—=

T;
w
The last two bits (bit b; to by) of these bytes shall be reserved.

This byte shall specify the start of the Erase level for recording marks with run
lengths of [5T,7T9T].

This byte shall specify the start of the Erase level for recording marks with run
lengths of [4T,6T,8T].
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By

By

Bytes

15.8.3

ISO/IEC 30192:2021(E)

te 76: This byte shall specify the start of the Erase level for recording marks with a run
length of 3T.

te 77: This byte shall specify the start of the Erase level for recording marks with a run
length of 2T.

78 to 99: Reserved

.6 Write strategy requirements

The write strategy requirements for disks are depicted in Figure 79.

. . Write strategy
Recording velocity
N-1A N-1B N/ 2
1x Mandatory Optional Optional
2X — Optional? Optional?
3 At least one of these two write strategies shall be present.

15.8.3
By usi
facilita
record

Gener4

paramleters), which write strategy furthermore can depend on the applied technology

eachr

Disks
one cd

record
added

For 1x
the DI

Byte 3

Byte 4

Figure 79 — Write strategy type requirements

L7 Usage of DI units for write strategies

tes the (future) use of disks with differentirecording velocities and with one,
ing layers, while keeping backwards compatibility in the best possible way.

lly, each different recording velocitycan need a different write strategy (di

bcording layer can need a different.set of values for the write strategy parameters.

Khall contain at least two DI'units for each recording layer, as depicted in Figui
ntaining parameters for 1xrecording velocity and at least one containing para
ing velocity. Additional-DI*units, containing alternative write strategy parametet
in order of preference-(see Figure 74).

recording velocify,the N-1 write strategy A described by DI format 1 shall alway
block sequencé.as the most-preferred write strategy.

is set aceotding to the specifications in 15.8.3.2.

is set to 01h for SL disks;

hg the concept of multiple DI units, identified by-their DI format number (byte 2), the BD system

two or more

fferent set of
Additionally,

e 79; at least
meters for 2x
sets, may be

5 be placed in

Byte 5

020 for DL disle

is used according to the description in 15.8.3.2.

In all DI units defining 1x recording parameters, bytes 32 to 35 shall be set to the following.

Bytes 32 to 33: These bytes are set to 01 ECh to indicate a nominal recording velocity

Byte 3

Byte 3

& recording velocity.

> recording velocity.

0of 4,92 m/s.

This byte is set to 64h to indicate a maximum recording velocity equal to the nominal

This byte is set to 64h to indicate a minimum recording velocity equal to the nominal

In all DI units defining parameters for 2x recording velocity, bytes 32 to 35 are set to as follows.
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Bytes 32 to 33:

Byte 34:

Byte 35:

These bytes are set to 03 D7h to indicate a nominal recording velocity of 9,83 m/s.

This byte is set to 64h to indicate a maximum recording velocity equal to the nominal

recording velocity.

This byte is set to 64h to indicate a minimum recording velocity equal to the nominal

recording velocity.

An example of those assignments is shown in Figure 80.

108

SL disk DL disk
Bytg 2: DI-format number 1 Byte 2: DI-format number 1
Bytg 3:# of DI's / Layer L# 3/0 Byte 3:# of DI's / Layer L# 470
Byte 4: — 1 Byte 4: — 2
Byt 5: sequence # 0 Byte 5: sequence # 0
Byt 32 to 35: Recording Byte 32 to 35: Recording
. 1x . 1x
velgcity velocity
Byt 2: DI-format number 3 Byte 2: DI-format hurmber. 1
Byt 3:# of DI's / Layer L# 3/0 Byte 3:# of DI!'s/tayer L# 4/1
Byte 4: — 1 Byte 4: — 2
Byt 5: sequence # 1 Byte 5: sequence # 1
Byt 32 to 35: Recording Byte 32't6 35: Recording
. 1x . 1x
velgcity velogity
Bytg 2: DI-format number 2 Byte 2: DI-format number 3
Byt 3:# of DI's / Layer L# 3/0 Byte 3:# of DI's / Layer L# 4/0
Byte 4: — 1 Byte 4: — 2
Byt 5: sequence # 2 Byte 5: sequence # 2
Byt 32 to 35: Recording Byte 32 to 35: Recording
. 2X . 2x
velgcity velocity
Repeat Byte 2: DI-format number 2
Byte 3:# of DI's / Layer L# 4/1
Byte 4: — 2
Byte 5: sequence 3
Byte 32 to 35: Recording 2
X X
velocity
Repeat

At 1x recording velocity, the write
strategy described by DI format 1 is
preferred, the write strategy described
by DI format 3 can be used as
alternative,

at 2x recording velocity, the write
strategy described by DI format 2 is
used.

At 1x recording velocity, the write
strategy described by DI format 1 is
used on both layer LO and layer L1,
at 2x recording velocity, the write
strategy described by DI format 3 is
used on layer LO, and the write
strategy described by DI format 2 is
used on layer L1.

Figure 80 — Example of DI sequence
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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 17).

The inner part of inner zone(s) (protection zone 1 + PIC) shall contain HFM groove which can hold
replicated information about the disk. The other parts of the inner zone(s), data zone(s) and outer
zone(s) constitute the rewritable area(s), in which the information can be recorded on wobbled groove
using the Phase-change effect.

16.2 |
For co

The in
a lead-

The da

contrdl information and an area for disk and drive testing. The lead=gut zone allows foras

and al

16.3 |

Fformat of information zone on single-layer disk
hsistency reasons, the sole recording layer on an SL disk is also called layer 10"

formation zone is divided in three parts: a lead-in zone (part of the innérzone 0), a
out zone (outer zone 0) (see Figure 81).

bo contains control information.

Fformat of information zone on dual-layer disk

The in

outer Zone 0 on layer LO, outer zone 1, data zone 1 and'a lead-out zone (part of the inner z(
L1 (se¢ Figure 81 and Figure 82).

Data zpne 0 and data zone 1 are intended forrecording user data. The lead-in zone an
zone cpntain replicated and rewritable coptrol information and an area for disk and drive

zone
contr

17 L3

The re
zone(s
the no

The p}
Also, t

ormation zone is divided in six parts: a lead-in*zone (part of the inner zone 0), dd

and outer zone 1 allow for a smoeoth run-in/run-out for their respective layers an
information.
jyout of rewritable'area of information zone

writable area of the'information zone is constituted from parts of the inner zoy
and the outer(zone(s). The starting radii for the zones indicated in Figure 81 and

data zone and

ta zone is intended for recording user data. The lead-in zone contains replicated ajnd rewritable

mooth runout

ta zone 0 and
ne 1) on layer

| the lead-out
testing. Outer
1 also contain

e(s), the data
Figure 82 are

minal values of the centre of the first/last groove track of that zone.

ysical ADIP addresses (PAA) listed are the first/last address in the groove tracks

he numbers of physical clusters (RUBs) that can be recorded per zone are indicated.

of each zone.

The va

luesgiven in Figure 81 are for a disk capacity of 25,0 Gbytes or 50,0 Gbytes.
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Nominal First PAA
Descrip-| starting of zone N;m}llber
. . : of phys.
Layer LO tion radius Last PAA clusters
(mm) of zone
First transition area Ending radius 11,5 mm
Clamping zone Starting radius 11,5 mm
ping Ending radius 16,5 mm
Second transition area Starting radius 16,5 mm
Ending radius 21,0 mm
Starting wxpTs a1
radius 21,0 Wide pitch BCA
grooves
mm
Protection ‘v
zone 1 22,2 :'\q |
Embossed (FirSGAUN =
0@ 8E COh
LilEh ] A 22,512 : 2720
(HFM ’ N X
toove) PIC O\ ast AUN = | (x 4KB)
8 c+-|00 0D A3 FEh)
Protection 73252 01 Bf} 80h
zone 2 ’ i 224
01 B7 FEh
01 B8 00h
23,289 : i
J{ INEO 2 01 BB FEh 256
Lead-in 01 BC 00h
. Information zone 23,329 :
Information ’ '
area zone (partef OPC 01 DB FEh 2048
Inner 01 DC 00h
zone 0) 23,647 :
Tracking | Rewitable Reserved 01 FB FEh 2448
direction 01 FC 00h
(wobbled INFO1 | 23,961 : 2%6
groove) 01 FF FEh
24,000 02 00 00h
Data : 381|856
zone 0 :
LAA
58,000
Lead-out LAA,+ 2h
zone INFO 3/4 : 268
/ LAA + 4 30h
Outer Protection TAA+ 4 3Zh
zone 0 58,017 —
zone 3 :
Ending radius
58,5 mm
Rim area Starting radius 58,5 mm

Figure 81 — Layout of information zone on layer L0

The values given in Figure 82 are for a disk capacity of 50,0 Gbytes.

110

© ISO/IEC 2021 - All rights reserved



https://iecnorm.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

Nominal Ljfs‘;gﬁ
Descrip- endl.ng : N;lrr;lber
Layer L1 tion radius First PAA of phiys.
(mm) of zone clusters
Ending “Wide
radius 21,0 pitch”
mm grooves
Protection 222 . .
zone 1
E LLJGDL nun =
el ST
HEM 22,512 2720
( PIC r ( x 4KB)
groove) OOh)
Protection 3E 4B 7Eh
one2 | 23252 : 224
z 3E 48 00h
3E 47 FEh
23,289 :
INFO 2 ’ 256
Tracking 3E 44 00h
direction Lead-out 3E 43 FEh
Information T zone | Reserved 23,329 : 2048
3E 24 00h
area . (Inner
Information zone 1) 23 647 3E 23 FEh
zone , :
Rewritable OPC 3E 04 00h 2048
1 (wobbled 3E 03 FEh
groove) 23,961 :
INFO 1 3E 00 00h 256
24,000 3D FF FEh
Data ' 381 856
zone 1 :
FAA?
Outer 58,000 FAR -z
zone 1 | INFO 3/4 FAA - 4 30h 268
Protection 58,017 FAA - 4 32h .
zone 3 :
Starting
radius '-'(R,':
mm
aFAA = LAA + CO 00 01h (see 15.7.4.3).

Figure 82 — Layout of information zone on layer L1

Physical sector numbering

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).
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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 in 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 PSNfin 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 i l LSB
P P|P| [P P p P P RIAP |P P
S SIS S S S S S S SIS S
3 22| |2 2 1 1 8 7| |54 0
7 4 6 5
In cluster
count ZERO
Address-unit number (AUN) /
YYVVHVYYYVY vvvi**** *ﬁ**ivvv vv‘iill
A AlA|l |A A A A A Al [AlA AlA
3 22 2] % 1 a9 94| (Y18
1 ARRE é 8 7 5|4 10
Set to
00,01, 10
consecutively
YVV.VVY YVYVYVYY YVY l
Al |AlA AlA A
3 [2er A B 3B ||| B
3 N0 716 5 8 7 2110
Physical ADIP address (PAA)
Figure 83 — 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 83. This PAA identifies
the location on the disk where the data shall be recorded.

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.
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Both inner zone 0 (lead-in zone part) and inner zone 1 (lead-out zone part) contain an embossed HFM
area and a rewritable area (see Figure 84 and Figure 85).

In the embossed HFM area on layer L0, groove shall be encoded according to the format defined in 15.5
and its subclauses.

On layer LO, this encoding shall start at radius 22,2%)1 mm, such that the AUN of the first cluster shall
be 00 0D 85 F4h.

The addresses shall be continuously increasing as described in 15.5.3.2 and shall end with

AUN =

00 OD A3 FEh in the last 4K cluster at the outermost radius of the PIC zone.

On lay
01 F2

The a
AUN =

In the
can be

The pi
BCAc

In the
variou

In the

The re
and to
inform

br L1, this encoding shall end at radius 22,293)1 mm, such that the AUN of the last\c
A OAh.

01 F2 5C 00h in the first 4K cluster at the outermost radius of the PIGzone.

brotection zone 1 of both inner zones, the contents of the data frames can be set to 4
equal to the content in the PIC zone.

de.

permanent information and control data (PIC) zon€(s), general information abou
s other information can be stored in the embossed\HFM groove.

rewritable area, groove(s) shall be wobbledcas)defined in 15.6.

writable area of the inner zone(s) is us€d to execute OPC (optimum power contrg
store specific information about the\disk, such as disk management informatio
ation. Also, a zone has been reservéd where drives can store their own specific inf

uster shall be

ddresses shall be continuously increasing as described in 15.5.3.2»nahd shalll start with

111 00h or they

otection zone 1 is intended to be a protection area against-overwriting of the PIC zone by the

F the disk and

1) procedures
h and control
rmation.
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First PAA

Number of

Zlgrrllslg) Description of zone phys. clusters Purpose
Protection o 2 B
zone 1
Embossed PIC 5 B Permanent information
HFM and control data zone
. Protection 01 B4 80h 224 .
zone 2
Reserved 8 0t B8 00h 32
Reserved 7 01 B8 80h 32 .
Future extension
Reserved 6 01 B9 00h 32
Reserved 5 01 B9 80h 32
INFO 2
PAC 2 01 BA 0Oh 32 Physieal-access contfol
DMA 2 01 BA 80h 32 Disk management
Controldata2 | 01 BB 00h 32 Data information
l_ Buffer 2 01 BB 80h 32 —
Rewritable ™ ape Testzone | 01BC00h 2,048 OPC testing
Tra(l:kin Reserved — 01 DC 00h 2048 Future extension
directio Buffer 1 01 FC 00h 32 —
Drivearea | 01FC 80h 32 Drive-specific
information
Reserved 3 01 FD 00h 32
INFO 1 Reserved 2 01FD 80h 32 Future extension
Reserved 1 01 FE 00h 32
DMA.1 01 FE 80h 32 Disk management
Controldata1 | 01 FF 00h 32 Data information
PAC 1 01 FF 80h 32 Physical-access contfol
(Pata zone 0) | 02 00 00h

114

Figure 84 — Inner zone 0 (lead-in zone)
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o First PAA Number of
Inner Description Purpose
of zone phys. clusters
zone 1
(Data zone 1)
PAC1 3E 00 00h 32 Physical-access control
Controldata1 | 3E 00 80h 32 Data information
DMA 1 3E 01 00h 32 Disk management
Reserved 1 3E 01 80h 32
INFO 1 Reserved 2 3E 02 00h 32 Future extension
Reserved 3 3E 02 80h 32
Drivearea | 3E 03 00h 32 Driye-spycific
information
l Buffer 1 3E 03 80h 32 —
Rewritable | gp Testzone | 3E 04 00h 2048 OPC tesfing
) L . Reserved — 3E 24 00h 2 048 Future ext¢nsion
[racking
dlirection Buffer 2 3E 44 00h 32 —
Control data 2 | 3E 44 80h 32 Data infortmation
DMA 2 3E 45 00h 32 Disk management
INFO 2 PAC 2 3E 45 80h 32 Physical-acce$s control
Reserved 5 3E 46.00h 32
Reserved 6 3E46 80h 32
Future ext¢nsion
Reserved 7 3E 47 00h 32
Reserved8 3E 47 80h 32
— Protection | 31 45 goh 224 —
ZODE 2
N Permanent information
)Y PIC . -
_ and control data zone
Hmbossed @ Protection . . .
HFM (-Q zone 1
Figure 85 — Inner zone 1 (lead-out zone)
18.2 Permanent information and control data (PIC) zone

18.2.1 General

The permanent information and control data (PIC) zone is an embossed HFM area with data for various
purposes, such as disk information. If no specific PIC data is supplied, all user data bytes (before
scrambling) shall be set to 00h. Both layers shall contain the same PIC data.

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 86). The PIC clusters shall be formatted as
described in 15.5.
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The PIC-info fragments shall start on layer LO at AUNs: 00 0D 8E COh, 00 0D 93 00h, 00 OD 97 40h,
00 OD 9B 80h and 00 0D 9F COh, and on layer L1 at AUNs: 01 F2 5C 00h, 01 F2 60 40h, 01 F2 64 80h,

01 F2 68 COh

and 01 F2 6D 00h.
PIC-info PIC AUN AUN
fragment number cluster number on layer LO on layer L1

0 00 0D 8E COh 01 F2 5C 00h
1 00 0D 8E C2h 01 F25C02h
IF 0 2 00 0D 8E C4h 01 F2 5C 04h
543 00 0D 92 FEh 01 F2 60 3Eh
0 00 0D 93 00h 01 F2 60 40h

[F1 : :
543 00 0D 97 3Eh 01 F2 64 7Eh
0 00 0D 97 40h 01 F2 64,80h

[F 2 : :
543 00 0D 9B 7Eh 01 F2 68 BEh
0 00 0D 9B 80h QY F2 68 COh

[F 3 : :
543 00 0D 9F BEh 01 F2 6C FEh
0 00 0D 9F GOh 01 F2 6D 00h

IF 4 : :
543 00 0D A3 FEh 01 F2713Eh

The first PIC g
in the ADIP at
frame shall b
remaining by

The last 512 &

Figure 86 — PI€ Zone

|x frames (see 15.8.3 and Figure 87). Only the first 112 bytes of each disk informati
b included (excluding the 32 pavity bytes). If less than 32 DI units are present, th
fes up to byte 3 584 shall be'set to 00h.

ytes of the first PIC clustér of each info fragment shall contain the emergency bral

set (see 18.2.3

and Figure 87).

luster of each info fragment shall contain a copy of the disk information block as corr)ained

n aux
en the

e data

Byte position Content Number of bytes
in PIC cluster
Oto111 DI unit 0 112
112 to 223 DI unit 1 112
: : 112 x 28
3472 to 3583 Reserved 112
3584 to 4095 EB data set 512

Figure 87 — First PIC cluster of each info fragment

All other PIC clusters shall be reserved unless specified otherwise (e.g. in other BDAPs).

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.
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The 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 after mutual
agreement between the disk manufacturer and the drive manufacturer involved, when specific drives
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 depicted in Figure 88.

Byte number Function Definition Number of bytes
3584 to 3585 Identifier 2
3586 Version 1
3587 h b Reserved 1

eader _
3588 List length 1
3589103591 Reserved 3
3592t03593 Drive-manufacturer{D 2
3594 to 3 595 e Beld Drive modgl 2
3596 to 3597 1 Firmwareversion 2
3598to 3 599 Drivedetions 2
3584 +ix8)to(3584+ix8)+1 Drive-manufacturer ID 2
(3[584+ix8)+2to (3584 +ix8)+3 dataEf‘?eldi Drive model 2
(31584 +ix8)+4to(3584+ix8)+5 (1< iSN) Firmware version 2
(31584 +ix8)+6to(3584+ix8)+7 Drive actions 2
(3584+Nx8)to(3584+Nx8)+1 EB Drive-manufacturer ID 2
(3384 +Nx8)+2to(3584+Nx8)+3 | dataField Drive model 2
(3984 + Nx8)+4to(3584+Nx8)+5 N Firmware version 2
(3384+Nx8)+6to(3584+Nx8)+7 | ([IN=62) Drive actions 2
[35B84 + (N +1)x8] .

t0 [3 584 (N + 1) x 8] + 7 EB footer Terminator 8

[3584 + (N +,2) % 8] to 4095 Unused Reserved 512 -|(N+2)x8

Figure 88 — Definition of emergency brake data
Bytes (3 584 'to 3 585: EB identifier

These bytes shall be set to 45 42h, representing the characters “EB”.

Byte 3 586: 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.

©150/1

EC 2021 - All rights reserved

117


https://iecnorm.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

This by

te shall be set to 00h when no EB data fields are present.

Bytes 3 589 to 3 591: reserved

These bytes shall be set to 00 00 00h.

Bytes (3 584

+ix8)to (3584 +ix8)+1(1<isN):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

These t
This do
interch

Bytes (3 584

These t
turer. T
in inter

Bytes (3 584

These t
These b
and the|

Bytes [3 584
These b
Bytes [3 584

These b

+ix8)+2to (3584 +ix8)+3(1<isN):drive model number

18.3.1 Protdction zone 2

vo bytes represent the drive model number and shall be defined by the drive manuf%turer.
cument does not specify the format and the content of these bytes. It shall belign¢red in
Ange.
+ix8)+4to(3584+ix8)+5(1<isN):drive firmware version
ivo bytes represent the drive firmware version and shall be defined by the drive mgnufac-
his document does not specify the format and the content of thesebytes. It shall be ignored
change.
+ix8)+6to (3584 +ix8)+7(1<is N):drive manufacturer actions
wo bytes represent the actions to be performeddy the drive model to handle this disk.
ytes shall be defined by the drive manufacturer. This document does not specify the format
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
ytes shall be set to FF FF FF FF FF EF-FF FFh to indicate the end of the EB data.
+ (N+2) x 8] to 4 095 (0 =< N 5 62): reserved
ytes are reserved.
18.3 Rewriftlable area of inner.zone(s)
This zone of 224 physicalclusters, starting at PAA 01 B4 80h on layer L0 and at PAA 3E 48 00h op layer
L1, is intendedl to be a’buffer zone for the transition from the embossed HFM area to the rewritabje area

(see 15.4.4).

18.3.2 INFO Z/Reserved 8

This zone of 32 physical clusters, starting at PAA 01 B8 00h on layer L0 and at PAA 3E 47 80h on layer
L1, is BDAP-dependent.

For the disks with BCA code, if this setting is not specified by the BDAP, these bytes shall be left

unrecorded.

For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.3 INFO

2 /Reserved 7

This zone of 32 physical clusters, starting at PAA 01 B8 80h on layer LO and at PAA 3E 47 00h on layer
L1, shall be unrecorded.
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18.3.4 INFO 2/Reserved 6

This zone has the size of 32 physical clusters starting at PAA 01 B9 00h on layer LO and at PAA 3E 46 80h
on layer L1, is BDAP-dependent.

For the disks with BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.

For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.5 INFO 2/Reserved 5

The use of this zone of 32 physical clusters, starting at PAA 01 B9 80h on layer L0 and at PAA 3E 46 00h
on lay¢t L1, 1S BDAP-dependent.

For th¢ disks with BCA code, this zone shall be left unrecorded unless otherwise spécified by the BDAP.

For th¢ disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.6 INFO 2 /PAC 2

This zpne of 32 physical clusters, which starts at PAA 01 BA 00h on:ldyer LO and at PAA|3E 45 80h on
layer 1.1, is intended to be used for storing physical access control)(PAC) clusters (see 21.2). Unused
clustefs in this zone shall contain all 00h or left unrecorded.

18.3.7| INFO 2/DMA 2

This zpne of 32 physical clusters starts at PAA 01 BA 80h on layer L0 and at PAA 3E 45 00h on layer L1
and is|intended for use by the disk management system (see Clause 22). Unused clusters in this zone
shall cpntain all 00h or left unrecorded.

18.3.8 INFO 2 /Control data 2

This zpne of 32 physical clusters starts at PAA 01 BB 00h on layer LO and at PAA 3E 44 80h on layer L1
and is intended to store control information.

Unusefl clusters in this zone shall*contain all 00h.

18.3.9| INFO 2 /Buffer 2

This zpne of 32 physical clusters starts at PAA 01 BB 80h on layer L0 and at PAA 3E 44 00h on layer L1
and shall be unrecarded.

18.3.1j0 OPC/Test zone

The teptzone of 2 048 physical clusters starts at PAA 01 BC 00h on layer LO and at PAA|3E 04 00h on
layer L1 and is reserved for testing and/or OPC procedures.

After using any part of this area, the used tracks shall either be erased by irradiating these tracks using
only the optimum erase powers or be overwritten with clusters containing arbitrary user data using
the optimum write powers.

18.3.11Reserved

This zone of 2 048 physical clusters starts at PAA 01 DC 00h on layer LO and at PAA 3E 24 00h on layer
L1 and shall be unrecorded.
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18.3.12INFO1/Buffer 1

This zone of 32 physical clusters starts at PAA 01 FC 00h on layer LO and at PAA 3E 03 80h on layer L1

and shall be u

18.3.13INFO

18.3.13.1

nrecorded.
1/Drive area (optional)

General

The use of this zone of 32 physical clusters starting at PAA 01 FC 80h on layer L0 and at PAA 3E 03 00h
on layer L1 is optional. It can be used by drives to store drive-specific information, restricted to be used

only by the digsv

information, t

18.3.13.2

Each drive-sp
data frame sh
the following

— 48 bytes
— 48 bytes

32 bytes

The format of
drive designe

The drive-sp4
physical clust]
specific infor|
cluster, the ca
is written in ¢

For robustnes
on the disk tw

Initially, the t
drive-specifig
clusters of th

he following format shall be used. The clusters in this zone shall be ignored in interg
Format of drive-specific information

ecific information shall be contained in one 2K data frame. The first128 bytes of

hange.

such a

all contain a signature of the drive that has created the related dataframe, accorgling to

format:

for the manufacturers name, represented by characters from the ISO 646 charactet
bf additional identification, represented by characters from the ISO 646 character-§
for a unique serial number of the drive.

the remaining 1 920 bytes of the data frame issnot defined and can be chosen freely
.

cific information of the last 32 drives:that have used this option, shall be stored
er. Each time a new drive is going to write its drive-specific information, the oldest]
mmation located in data frame 31.6f the physical cluster is removed from the p
ntent of data frames 0 to 30 are.moved into data frames 1 to 31 and the new infor}
ata frame 0 (see Figure 89).

s reasons, the physical eluster containing the drive-specific information frames is v
ice.

-set;

et;

by the

in one
drive-
hysical
mation

ritten

wo physical clusteys starting at PAA 01 FC 80h and 01 FC 84h shall be used to st¢re the

information. When both physical clusters become unreliable, the next two p

access to the

e drive area.can be used to store the drive-specific information. For a fast and ef
rive areajthe DDS in the DMA zones contain an address pointer to the first valid p

cluster in the drive area.

hysical
ficient
hysical

Drive aréd Shiftin Data frame
1 Phys. cluster
Damaged Drive i Manufacturers
name
Damaged Drivei-1 One 2K Additional ID
sector
Valid drive info. 32 x 2K Unique serial
sectors number
Copy drive info. l
Spa.res Shift at D.rlfve-spe'aflc
each update Information
in free format
Drivei- 31
IShift out
Figure 89 — Format of drive area (example)
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18.3.14INFO 1/Reserved 3

This zone of 32 physical clusters, starting at PAA 01 FD 00h on layer LO and at PAA 3E 02 80h on layer
L1, shall be left unrecorded.

18.3.1

5INFO 1/Reserved 2

This zone of 32 physical clusters, starting at PAA 01 FD 80h on layer L0 and at PAA 3E 02 00h on layer
L1, shall be left unrecorded.

18.3.1

6INFO 1/Reserved 1

This z
L1, shd

18.3.1
This z

L1, is
shall ¢

18.3.1

This z
L1,isi

18.3.1

This z
L1, is
clustet

19D
On an

OnaD

200

20.1 ¢

ne of 32 physical clusters, starting at PAA 01 FE 00h on layer LO and at PAA 3E 01
1l be left unrecorded.

7INFO 1/DMA 1

bne of 32 physical clusters, starting at PAA 01 FE 80h on layer L0 afid-at PAA 3E 0]
ntended for use by the disk management system (see Clause 22).)Unused cluster
pbntain all 00h or be left unrecorded.

BINFO1/Controle data 1

htended to store control information. Unused clusters in this zone shall contain all

9INFO1/PAC 1

ntended to be used for storing physical access control (PAC) clusters (see Claus
s in this zone shall contain all 00h:0¥ be left unrecorded.

Ata Zzone
SL disk, the data zone can’contain a total of 381 856 clusters of user data on a 25,0

. disk, the data zones can contain a total of 763 712 clusters of user data on a 50,0

iter zone(s)

reneral

B0h on layer r

| 00h on layer
S in this zone

bne of 32 physical clusters, starting at PAA 01 FF 00h on layer L0 and at PAA 3E 00 80h on layer

DOh.

bne of 32 physical clusters, starting at PAA 01 FF 80h on layer L0 and at PAA 3E 0( 00h on layer

p 21). Unused

3B disk.
(B disk.

On an

N r‘iclz, the outermaost zone of the information zone functions as alead-cgut zane (c

e Figure 90).

On a DL disk, the outer zone 0 and outer zone 1 function as a transition area between the data zones on
layer LO and layer L1 (see Figure 91).
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Outer First PAA Number of

zone 0 Description of zone phys. clusters Purpose
(Data zone 0)
Buffer 3 LAA + 2h 32 —
d INFO 3 DMA 3 LAA + 82h 32 Disk management
Rewritable Controldata3 |LAA+102h 32 Data information
L ) — Angular buffer [LAA +182h 76 —
girraecclggﬁ DMA 4 LAA + 2 B2h 32 Disk management
INFO 4 Control data4 |LAA +332h 32 Data information
P fF, yi| LAA 2. D2 29
— Protection zone 3| LAA + 4 32h — —
Figure 90 — Outer zone 0/lead-out zone
Outgr Description First PAA Number of Purpose
zoneg 1 of zone phys. clusters
— Protection zone 3 — —
Buffer 4 FAA - 4 30h 32 —
INFO4 | Controldata4 | FAA-3BOh 32 Data informatioh
l_ DMA 4 FAA - 3 30h 32 Disk managemeit
Rewritable — | Angular buffer | FAA - 2 Bk 76 —
! Controldata3 | FAA-180h 32 Data informatioh
g.r acking | 1Npo 3 DMA 3 FAA - 100h 32 Disk managemeft
irectjon
Buffer 3 FAA- 80h 32 —
(Data zone 1) FAA

Figure¢ 91 — Outer zone 1

20.2 INFO 3|/Buffer 4

This zone of 32 physical clustersishall be left unrecorded.

20.3 INFO 3}/DMA 3

N

This zone of 32 physical clusters is intended for use by the disk management system (see Clause P2).

Unused clustgrsin this zone shall contain all 00h or be left unrecorded.

20.4 INFO 3/Control data 4
This zone of 32 physical clusters is intended to store control information.

Unused clusters in this zone shall contain all 00h.

20.5 Angular buffer

This zone with the size of 76 physical clusters shall be left unrecorded.

20.6 INFO 4/DMA 4

This zone of 32 physical clusters is intended for use by the disk management system (see Clause 22).
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Unused clusters in this zone shall contain all 00h or be left unrecorded.

20.7 INFO 4/Control data 4
This zone of 32 physical clusters is intended to store control information.

Unused clusters in this zone shall contain all 00h.

20.8 INFO 4 / Buffer 6

This zone of 32 physical clusters shall be unrecorded.

20.9 Protection zone 3
This zpne contains an unrecorded groove.

All ADJIP 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

Physicpl access control (PAC) clusters provide a structne on the disk for the exchangg of additional
information between interchange parties. PAC clusters shall be recorded in the INFO1/HAC1 zone and
backup copies shall be recorded in the INFO2/PAC2 zone. All PAC clusters shall have thg same format
for thdir first 384 data bytes, which constitute the PAC header.

In the future, new PACs can be defined for specific applications/functions.

Drives| designed before the introduction“date a new PAC are, in general, not able to inferpret it and
therefpre shall treat such a PAC as.a(So-called “unknown PAC”. By obeying standard “§inknown PAC
rules”|defined in the header of the PACs, compatibility problems and unwanted destruct]on of data for
specific applications can be avoided as much as possible.

Drives| designed after theiintroduction date of a new PAC can be assumed to be famjliar with the
specific application/funetion connected to the new PAC. Such drives can therefore ignore the “unknown
PAC ryles” and apply the rules defined in the “PAC-specific information” fields of the PAC. For such
“knowln PACs”, there.atre no physical access restrictions unless specified otherwise in thel“PAC-specific
information” fields.

21.2 Layout of PAC zones

On SL disk av@ilable for the

storage of AC.

On DL disks, the INFO1/PAC1 zones on layer LO and layer L1 form one area of 64 clusters available for
the storage of PAC, and the INFO2/PAC2 zones on layer L0 and layer L1 form another area of 64 clusters
available for the storage of PAC.

Each PAC cluster shall be recorded in both zones, INFO1/PAC1 and INFO2/PAC2, so there are always
two copies of each PAC cluster recorded. A PAC shall always be updated first in the INFO1/PAC1 zone
and then be copied to the INFO2/PAC2 zone, which eases the handling of possible power-down failures.
The PAC-update count of the PAC cluster recorded in the INFO2/PAC2 zone shall be the same as the PAC-
update count of the PAC cluster recorded in the INFO1/PAC1 zone.
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If a PAC cluster is found to be defective during recording, the defective cluster shall be skipped and
indicated as invalid in the DDS (see Figure 92). Such a PAC should be recorded in the next available
cluster.

The status of all locations in both the INFO1/PAC1 and INFO2/PAC2 zones shall be indicated in the DDS
(see 22.2.2) by a 2-bit pattern as follows:

bns1y bn Content in PAC location
00 Unrgcorded
(also to be used if layer not present)
01 Available for re-use?
10 Contains an invalid PAC?
11 Contains a valid PAC

aPAC clusters with status 01 or 10, as indicated in the DDS,
shall not be transferred outside the drive, though
overwriting is allowed (independent on the setting of bit b,
and b, of the unknown-PAC rules).

Figure 92 — Status of PAC locations

21.3 General structure of PAC clusters

The user datd of PAC clusters shall be formatted according.to Figure 93. The first 384 bytes conftitute
the PAC headgr.

Byte position
Data frame inydatil frame Content Nutr)r; l‘z:;" of

( 0to2 PAC_ID 3

( 3 PAC format 1

@ 4to7 PAC-update count 4

( 8to11 Unknown-PAC rules 4

{ 12 Unknown-PAC entire_disk_flags 1

( 13 to 14 Reserved 2

( 15 Number of segments 1

@ 16 to 23 Segment_0 8

( 24 to 31 Segment_1 8

( 32t0 263 : 29x8
0 264 to 27t chuu:ut_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 1660
1 0to 2047 PAC-specific information 2048
30 0to 2 047 PAC-specific information 2048
31 0to 2 047 Reserved 2048

124

Figure 93 — General layout of PAC clusters
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The PAC_ID shall identify the specific type of PAC cluster as follows:

— ifsetto 0000 00h, the PAC cluster is unused. The PAC_ID of all subsequent PAC clusters in the INFO1/
PAC1 zone or INFO2/PAC2 zone shall be set to 00 00 00h or those subsequent cluster locations shall
be unrecorded;

— if
— if
— if
— |if
— if

fof re-use.

Other

Each nlew PAC added to the INFO1/PAC1 zone or INFO2/PAC2 zone shall be recorded in the

cluste

The PAC-format field shall indicate the version number of the specifi¢c PAC.

The PAC-update count shall specify the total number of update operations of the current }
e set to 00 00 00 00h during the first format operation only and it shall be incremented by one
each tlme the current PAC is re-written.

shall b

The u

unknofwn (i.e. the PAC_ID is not set to a known value).These bytes form a field consisting o
bits (Hit by, shall be the msb of byte 8 and bit®j, shall be the Isb of byte 11). The acti
below|shall be taken (when the PAC is unkrewn) for any cluster contained within the
(see Figure 94). The actions described for;thie user data area shall be taken only within|
segmepts, if segments have been defined; else these actions shall be taken for any clug
within the full user data area.

If a drfve encounters multiple unknown PACs on one disk, it shall use the OR-function of]
PAC ryles (in other words, if(one of the PACs excludes an action, the same rule of the
irreleyant).

set to 50 52 4Dh, the PAC cluster is the primary PAC as defined in 21.4;

set to 44 57 50h, the PAC cluster is the DWP PAC as defined in 21.5;

set to 49 53 31h, the PAC cluster is the IS1 PAC as defined in 21.6;

etto 49 53 32h, the PAC cluster is the IS?2 PAC as defined in 21.6;

et to FF FF FFh, the PAC cluster is unused. The PAC was previously used and)is

values for the PAC_ID are reserved.

1 in these zones (indicated by status 00 or 01 in the DDS, see Figuke92)

known PAC rules shall specify the requirediactions when the content and use d

nhow available

first available

PAC. This field

f the PAC are
32 individual
bns described
related area
the specified
ter contained

the unknown
other PACs is
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Control Mandatory
Area Bits type setting
b;, tob,, Reserved 0000 0000
Reserved 8 bz; Write -
b,, Read -
Reserved 7 by, Write ONE
by Read -
INFO 2 .
b Write -
Reserved 6
R T b, Write -
eserve by, Road -
b Write ZERO
INFO 1 Dri Ls
rivearea b Read 7ERO
Reserved 3 by Write ONE
INFO 1 Reserved 2 Dy Wris ONE
b Write ONE
R d1 2
eserve by Road -
i DMA zones (not including the :
INFO 1,3,3,4 DDS; see 22.2) b, Write -
b Reserved unless otherwise
6 specified by the BDAP
Wri -
INFO 1,3,3,4 Control data zones by fite
b, Read -
b Write -
Dat User-dat S t 3
ata zonjes ser-data area / Segments b, Road -
INFO 1 4nd 2 PAC cluster by Write -
b, Read -
"-": No mandatory setting specified, as well ZERO as ONE can be allowed depending on
specific PAC
Figure 94— General bit assignments for unknown PAC rules
For all zones/preas, exeept the PAC cluster, the bits have the following meaning:
— Control typé= write:

— if setto ZERO: indicating that writing in the related zone/area is allowed; and

— ifsetto ONE: indicating that writing in the related zone/area shall not be allowed.
— Control type =read:

— if setto ZERO: indicating that reading in the related zone/area is allowed; and

— if setto ONE: indicating that reading in the related zone/area shall not be allowed.

The meaning of “reading shall not be allowed” in this context is: the data content of the clusters in the
related area(s) are not allowed to be transferred outside the drive or presented to the user.

For the PAC cluster, the bits have the following meaning:
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— Control type = write:

— if setto ZERO: indicating that overwriting the current PAC cluster or changing its status
bits in the DDS is allowed; and

— ifsetto ONE: indicating that overwriting the current PAC cluster and changing its status
bits in the DDS shall not be allowed, except during re-initialization.

— Control type =read:

— ifsetto ZERO: indicating that reading and transferring the content of the current cluster
outside the drive is allowed; and

— if set to ONE: indicating that the content of the current PAC cluster, €xcept for the first
384 bytes of the first data frame, shall not be transfenrgd oufside the drive,
to be enforced by setting all bytes not belonging tojthe PAC|header to 00h
before passing the content of the cluster.

The unknown PAC entire_disk_flags byte shall specify unknown PAC rules that cover the pntire disk:

— Bjtsb; tob;: These bits shall be reserved.
— Bjt by Re-initialization:

— ifsetto ZERO: indicating that re-initializationlis allowed, if not blocked by anly other write
protect mechanism for the entire disk; and

— ifsetto ONE: indicating that re-initialization shall not be allowed if the PAC {s unknown to
the drive.

The n@imber of segments shall specify the total number N (0 < N < 32) of segments specified in the
currernt PAC.

Moreoper, the total number of segménts defined for all PACs on a disk shall not excded 32 as per

Formulla (52):

N
D ng,; <32 (52)

i=(
where|ng ; is number 6£5egments 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).

Segments specified within one PAC shall not overlap and shall be sorted in ascending order according
to theiraddresses Segments shall anly start and end at cluster houndaries All Segment | fields, where
i = N, shall be set to all 00h:

— thefirst4 bytes of the 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:
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— if set to ZERO:

— if set to ONE:

These bits shall be reserved.

Re-initialization:

protect mechanism for the entire disk; and

indicating that re-initialization shall not be allowed.

The PAC-specific information fields contain information that is specific to the current PAC.

21.4 Primary PAC cluster (mandatory)

indicating that re-initialization is allowed, if not blocked by any other write-

The primary PAC cluster shall be included on each disk to provide information about the datewh
disk was initially recorded and to identify each recorder that has recorded individual clusters

disk. The layout of the primary PAC cluster shall be formatted as depicted in Figure 95.

en the
on the

Byte position

Content

Number of

Data firame | in data frame b

ytes

( Oto2 PAC_ID 3

@ 3 PAC format 1

@ 4to7 PAC-update count 4

( 8to11 Unknown-PAC rulés 4

( 12 Unknown-PAC entire) disk_flags 1

( 13 to 14 Reserved 2

(] 15 Number,of'segments 1

( 16 to 23 Ségment_0 8

( 24 to 31 Segment_1 8

( 3210263 : 29 x 8

(] 264 to 271 Segment_31 8

( 272 to 383 Reserved 112

( 384 Known-PAC entire_disk_flags 1

( 385 to 387 Reserved 3

(] 388 to 389 Number of recorder ID entries 2

( 390 t¢ 393 Year/Month/Date of initial recording 4

( 394 Re-initialization RID_tag # 1

( 395to 511 Reserved 117

( 512 to 639 Recorder ID for RID_tag 01h 128

(] 640 to 767 Recorder ID for RID_tag 02h 128

(] 768 to 895 Recorder ID for RID tag 03h 128

1920 to

0 2 047 128

1 0to 127 Recorder ID for RID_tag xxh 128

15 1 29 327“’ Recorder ID for RID_tag FCh 128

16 0to 2 047 Reserved 2048

31 0to 2047 Reserved 2048

128

Figure 95 — Layout of primary PAC cluster
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The PAC_ID shall be set to 50 52 4Dh, representing the characters “PRM”.
The PAC-format field shall be set to 00h, to indicate this is a primary PAC version zero.

The PAC-update count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each
time the current PAC is re-written.

The unknown PAC rules shall be set as shown in Figure 96.

Control Mandatory
Area Bits type setting
D34 10 Dy Reserved 000P 0000
b Write ZERO
R ds =
eserve byy Read ZERO
Reserved 7 b,, Write ONE
by, Read ZERO
INFO 2 X
Reserved 6 by Write ONE
byg Read ZERO
b Write ZERO
R ds 1z
eserve by Read ZERO
b Write ZERO
INFO 1 Dri <)
rivearea by, Read ZERO
by Write ONE
Reserved 3 by, Read 7FRO
b,y Write ONE
INFO 1 Reserved 2 by Read 7ERO
b, Write ONE
Reserved1 by Read 7ERO
DMA zones (mot including the .
INFO 1,2,3,4 DDS; see 22.2) b, Write ZERO
b Reserved unless othg¢rwise
6 specified by the BDAP
be Write ZERO
INFO 1,2,3,4 Control-data zones b, Read ZFRO
b, Write ZERO
Data zonés User-data area / Segments b, Read 7FRO
b, Write ZERO
INEOI"and 2 PAC cluster by Read 7FRO

Figure 96 — Bit assignments for unknown PAC rules for primary PAC
The unknown PAC entire_disk_flags byte shall be set to 00h to indicate re-initialization of the disk is
allowed if this PAC is unknown to the drive and there are no other mechanisms blocking re-initialization.
The number of segments shall be set to 00h.
The Segment_i fields shall be set to all 00h.

The known-PAC entire_disk_flags byte shall be set to 00h to indicate re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking re-
initialization.
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The number of recorder ID entries field shall specify the number (<252) of 128-byte recorder IDs
contained in bytes 512 to 2 047 of data frame 0 and bytes 0 to 2 047 of data frames 1 to 15. The
maximum number of available locations is 252 (see also description at recorder ID for RID_tag xxh).

The year/month/date of initial recording fields shall indicate the year (4 digits BCD), the month
(two digits BCD) and the date (two digits BCD) when the very first recording on this disk was made. If a
drive is not able to correctly set this field, these bytes shall be set to 00h.

The re-initialization RID_tag # shall specify the recorder-ID tag number of the recorder that last

initialized/re

-initialized the disk.

The recorder ID for RID_tag xxh fields shall contain the 128-byte drive signatures of all recorders (up to

a maximum o
according to {

— 48 bytes
— 48 bytes

32 bytes

The first time
no duplicate ¢

sorted or cha

value (see Fig|
used, recordsd

value FFh.

The RID_tag ¥
13.9.2.3 to ind

21.5 Disk

I
The disk W:I!e-protect (DWP) PAC clusterqis optional and can be used to protect a disk §
unintended wj

can be includ
follow the ru

layout of the DWP PAC cluster shall be formatted as depicted in Figure 97.

130

he following format (see 18.3.13.2):
for the manufacturers name, represented by characters from the [SO 646 charactef
bf additional identification, represented by characters from the ISO 646 character-;
for a unique serial number of the drive.

a recorder writes data to a disk, it shall add its recorder ID td this list. There s
ntries and new entries shall only be appended to the end,ef.the list. This list shall
Ilnged in any other way, since the relative location of each-éntry determines the R
ure 95) assigned to each specific recorder. After all available recorder ID fields hay
rs whose recorder ID can not be registered in thé<PAC anymore, shall use the R

ralue assigned to a specific recorder shall be recorded in the address units as def
icate that the cluster has been recorded by, that recorder.

ite-protect PAC cluster (optional)

rite actions or write actions by-unauthorized persons. For the latter purpose, a pas
pd. If a valid DWP PAC cluster exists on the disk, products that understand the PA|
es indicated by the WR_control bits, else they shall follow the unknown PAC rulg

ntered

-set;

et;

nall be
not be
[D_tag
e been
[D_tag

ned in

gainst
sword
C shall
s. The
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Byte position
Data frame inydafa frame Content Nuerr; ?:; of
0 Oto2 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
S 15 Number-ofsegments +
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 Known-PAC entire_disk_flags 1
0 385 to 387 Reserved 3
0 388 WP control byte 1
0 389 to 395 Reserved 7
0 396 to 427 WP password 32
0 428 to 2047 Resetved 162D
1 0to 2047 Reserved 2 04B
31 0to 2047 Reserved 2 04B
Figure 97— Layout of DWP PAC cluster
The PAC_ID shall be set to 44 57:50h, representing the characters “DWP”.
The PAC-format field shall be set to 00h, to indicate this is a DWP PAC version zero.
The PAC-update countshall specify the total number of update operations of the current PAC. This field
shall ble set to 00 00,00-00h during the first format operation only and shall be incrementgd by one each
time the current PAC'is re-written.
The unknown.PAC rules shall be set as shown in Figure 98.
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Control Mandatory
Area Bits type setting
b;, tob,, Reserved 0000 0000
b Write ZERO
R ds 23
eserve b,y Read ZERO
Reserved 7 b,y Write ONE
INFO 2 by Read ZERO
Reserved 6 by Write ONE
byg Read ZERO
= Iz — e s
eserve by, Read ZERO
. bys Write ZERO
INFO 1 D
rivearea by, Read 7ERO
b Write ONE
R d3 L
eserve by, Read 7ZERO
b Write ONE
INFO 1 R d2 U
eserve byo Read ZERO
b Write ONE
R d1 2
eserve by Read ZERO
DMA zones (not including the .
INFO 1,p,3,4 DDS; see 22.2) b, Write ZERO/ONE
b Reserved unless otherwise
6 specified by the BDAP
b Write ZERO/ONE
INFO 1,2,3,4 | Control dat 2
ontrol data zones b, Read ZERO
b Write ZERO/ONE
Dat User-dat S t 3
ata zopes ser-data area/Segments b, Read ZERO
b Write ONE
INFO1hnd2 |PAC clust 1
i custer b, Read ONE

Figure 98 — Bit assignments for unknown PAC rules for DWP PAC

Bits by, bg, bs find b; shall be set to ZERO if bit b, of the WP control byte is set to ZERO (WP off) apd bits
b, bg, bs and b; shalhbe’set to ONE if bit b, of the WP control byte is set to ONE (WP on).

The unknown} PAC-entire_disk_flags byte shall be set to 01h to indicate re-initialization of the |disk is
not allowed iflthis PACisunknown to the drive

The number of segments shall be set to 00h.
The Segment_i fields shall all be set to all 00h.

The known-PAC entire_disk_flags byte shall be set to 00h to indicate re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking re-
initialization.

The WP control byte shall specify the allowed and required actions (see Figure 99) as follows:
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— Bits by to bs: These 5 bits shall be reserved.

— Bitby: This bit indicates WP with/without password (PWD):

— ifitis set to ZERO, no checking of the password is needed;

— ifitissetto ONE, in case bit b is set to ONE, the write protection is switched on, only host-initi-

ated write actions shall be allowed if the password supplied by the host matches the password
contained on the disk.

— Bitb;: This bit indicates the method of write protection:

— Bitby: This bit indicates write protect on/off:

The W

—{ ifthe write protection is switched onsre-initializing the disk shall not be allowef.

—{ ifsetto ZERO, this bit indicates virtual WP. After executing the required actions|as specified in

Figure 99, host-initiated write actions shall be executed without changing the wyrite protection
settings on the disk;

— if set to ONE, this bit indicates the physical WP. After executing the.required adtions as speci-

fied in Figure 99, host-initiated write actions shall only be executed after settinglbit b, to ZERO,
indicating that the write protection is switched off.

—{ if set to ZERO, it indicates that write protection is switched off (WP off) and th¢ host-initiated

write actions is allowed without any restrictions;

— if set to ONE, it indicates that write protection(is switched on (WP on), meaning that all write

actions initiated by the host shall be blockedby the drive and the host-initiatedl write actions
are only allowed after executing the required actions as specified in Figure 99;

P control byte shall only be changed-after executing the required actions as specifiefl in Figure 99.

The W|P password can consist of up to-32 characters from the ISO 646 character-set. Trailing bytes not

used s

Ifallb
of the

If the
host-ir
shall b

hall be set to 00h. The WP password shall never be transferred outside the drive.

ytes of the WP password field are set to 00h, then the WP password feature is inacfive and bit b,
WP control byte shall be set to ZERO.

WP password fi€ld is set to all FFh, then the disk is permanently write-protected and further
itiated write aetions on the disk shall not be allowed. Bits b,, b; and b, of the WP control byte
e setto 111;
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WP control Status Actions
. For changing WP control
bz | b1 | b For writing data bits or the password
ojlo0ofO No PWD /virtual/WP off | Allowed Allowed
olol1 No PWD /virtual /WP on Allowed after confirmation | Allowed after confirmation
by the host by the host
01| 0] NoPWD/physical/WP off | Allowed Allowed
Allowed after confirmation Allowed after confirmation
0111 No PWD/physical/WP on | by the host and changing
by the host
to WP off
Attowedaftercomfirmation
11 0| 0| WithPWD/virtual/WP off | Allowed of the password supplled
by the host
Allowed after confirmation | Allowed after confirmation
1] 0| 1| With PWD/virtual/WP on | of the password supplied [ of the password supplled
by the host by the host
Allowed after confirmation
1] 1| 0] With PWD/physical/WP off | Allowed ofthe password supplied
by the host
?;ltohv(\e/eigsf"csgfgrsllfllrrrll?gjon Allowed after confirmation
1] 1| 1|| With PWD/physical/WP on P PP of the password suppliled
by the host and changing by the h
to WP off y the host

Figure 99 — Status and allowed actions defined by write-control bits

21.6 IS1 anJl IS2 PAC clusters

The IS1 PAC

nd IS2 PAC may be recorded on.a disk. When BCA code is not recorded on a disk, I

PAC structur¢s shall be recorded in INEQ3/PAC1 and INFO2/PAC2 before being shipped. Whe
code is recorded on a disk, IS1/1S2 PAE'structures shall not be recorded.

The layout of the IS1 PAC and IS2 RAC cluster shall be formatted as depicted in Figure 100.

51/1S2
n BCA

134
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Byte position
Data frame inydafa frame Content Nulr)r;] lz(ee;‘ of

0 Oto2 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 13to 14 Reserved 2

0 15 Number of segments 1

0 16 to 23 Segment_0 3

0 24 to 31 Segment_1 8

0 32t0263 : 29 x|8
0 264 to0 271 Segment_31 8

0 272 to 383 Reserved 112
0 384 Known-PAC entire_disk_flags 1

0 385to 2 047 Reserved 1 66B
1 0to 2047 Reserved 2 04B
31 0to 2047 Reserved 2 04B

The P/
set to 1

The PA
The PA

The unknown PAC rules shall'be set to 00 AA 2A 00h for IS1 PAC and shall be set to 00 4

IS2 PA
The ur
The ny
The Se

I~

The kr

u

Figure 100 — General layout'of IS1 and IS2 PAC clusters

C_ID shall be set to 49 53 31h, representing the characters “IS1” for IS1 PAC. The P,
19 53 32h, representing the characters “IS2” for IS2 PAC.

C-format field shall be set to 00K for both PACs, to indicate this is version zero.

C-update count shall be.setto 00 00 00 00h for both PACs.

known PAC entire_disk_flags byte shall be set to 01h for IS1 PAC and shall be set to 0
mber of'ségments shall be set to 00h for both PACs.

gment>i fields shall be set to all 00h for both PACs.

own-PAC ontire disk flagsbyte shall be sor 0 Q1h for both PACS

\C_ID shall be

\A 2A CBh for

Dh for IS2 PAC.

22 Disk management

22.1 General

Disk management defines and controls method of recording data on the disk including defect
management data. defect management is used to solve problems related to areas on the disk that can
have become defective or unreliable through damage or contamination.

Depending on the BDAP and/or the applied file system, defect management can be handled by the drive

or by the file system.

© ISO/IEC 2021 - All rights reserved

135


https://iecnorm.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

ISO/IEC 30192:2021(E)

In the defect list, the following two types of defects can be distinguished:

defects called NRD which stands for non-re-allocatable defect;

— unreliable areas on the disk, called PBA which stands for possibly bad area. Before using such a PBA
for the allocation of data, the reliability of the area should be checked.

22.2 Disk management structure (DMS)

22.2.1 General

A disk manag
disk definitio
The defect lis

Whenever a

All 4 occurre
the same infi
DMA zones s
power-down
shall be the s
defect list ter

DMS on an Sl
On an SL disk

Layer]

The DDS shall

The DFL is re
DFL in a DMA
DMA zone coqf

structure consists of one cluster that shall be repeated 4 times for robustness/'xtg
consists of 4 consecutive clusters on an SL disk and 8 consecutive clusters oma!DL

isk leaves a recorder, all DMS shall correctly reflect the current status of the disk.

ces of the DMS, recorded in the DMA zones in the inner and outer,Zone(s), shall ¢
rmation, except for the first PSN of defect list (see 22.2.2, byte 24 of data frame
all be updated in the order DMA 1, DMA 2, DMA 3, DMA 4 for’ease of handling p
failures. After such an update, all DDS update counts (see 22.2:2, byte 4 of data fr

hme and all DFL-update counts (see 22.2.4, byte 4 of data frame 0/cluster 0 and
minator) shall be the same.
L disk
the DMA zones consist of 32 consecutive clusters as indicated in Figure 101.
Tracking direction
L0 Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32
Figure 101 — CluSters of DMA zones on SL disk
always be recorded in the first 4 clusters of each DMA zones.

Corded initially in elusters 5 to 8 of each DMA zone. Whenever any of the 4 clusterg
zone starts to bécome unreliable, the complete DFL is moved to the next 4 clusterg
cerned (see Figure 102). The position of the valid DFL is indicated in the DDS.

[). The
asons.
disk.

ontain
). The
pssible
hme 0)
P2.2.5,

of the
of the

DMS on a DL

Cluster1 to 4 DDS (four repetitions)

Gluster 5 to 8 First position of DFL Damaged DFL
€luster 9 to 12 Second position of DFL | Valid DFL
Ctuster13to 16 Thirdpositiomrof DFE Empty
Cluster 29 to 32 Seventh position of DFL | Empty

Figure 102 — Example of DMA zone on SL disk

disk

On a DL disk, the DMA zones consist of 64 clusters divided over the two recording layers as indicated in

Figure 103.

136
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L L0 Cluster Cluster Cluster Cluster Cluster
ayer 1 > 3 31 .

Laver L1 Cluster Cluster Cluster Cluster Cluster
Y 64 63 35 34 33

Tracking direction

ISO/IEC 30192:2021(E)

Tracking direction

Figure 103 — Clusters of DMA zones on DL disk

The DpSshattatways be Tecorded I the fiTsT 4 Clusters of eacit DMA Zone. 1he Next § clusters are
reserved.

The DFL is recorded initially in clusters 9 to 16 of each DMA zone. Whenever any-of the 8 flusters of the
DFL infa DMA zone starts to become unreliable, the complete DFL is moved irto'the next 8 clusters of
the DMA zone concerned (see Figure 104). The position of the valid DFL is indicated in the¢ DDS.

Cluster 1 to 4 DDS (four repetitions)

Cluster 5to 8 Reserved

Cluster 9 to 16 First position of DFL Damaged DFL
Cluster 17 to 24 Second position of BFL | Valid DFL
Cluster 25 to 32 Third position 6f DFL Empty
Cluster 57 to 64 Seventh position of DFL | Empty

Figure 104 — Example of DMA zone on DL disk

22.2.2| Disk definition structure (DDS)

The DDS specifies the format andStatus of the disk with respect to the disk management.|The format of
the DOS is defined in Figure 105;
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Data frame Fny(tiztpa Ofsl}:lr?lrel Content Null)l;, lt)ee;‘ of
0 Oto1l DDS identifier 2
0 2 DDS format 1
0 3 Reserved 1
0 4to7 DDS-update count 4
0 8to 15 Reserved 8
0 16 to 19 First PSN of drive area 4
0 20to 23 Reserved 4
0 24t0 27 FirstPSNofdefectiist %
0 28to 31 Reserved 4
0 32 to 35 Location of LSN 0 of user-data area 4
0 36 to 39 Last LSN of user-data area 4
0 40to 51 Reserved unless otherwise specified by the BDAP. 12
0 52 Flag A 1
0 53 Reserved 1
0 54 Reserved unless otherwise specified by the BDAP 1
0 55 Reserved 1
0 56 to 59 Reserved unless otherwise specified by the BDAP 4
0 60 to 63 Reserved 4
0 64to71 Status bits of INFO 1/PAC locations on layer L0 8
0 72t0 79 Status bits of INFO 2 /RAE 2 locations on layer L0 8
80 to 87 Status bits of INFO 17/PAC 1 locations on layer L1 8
88 to 95 Status bits of INFO-2/PAC 2 locations on layer L1 8
96 to 2 047 Reserved 1952
1 0to 2047 Reserved 2 048
31 0to 2047 Reserved 2 048
Figure 105 — Format of DDS
The DDS identifier shall be set to 44 53h, representing the characters “DS”.
The DDS forniat field §hall be set to 00h, identifying a DDS.
The DDS upddtecount shall specify the total number of update operations of the DDS. This field shall be
set to 00 00 0~00h during the first format operation only and shall be incremented by one eadgh time

the DDS is re-written.

The first PSN of drive area field shall specify the first PSN of the first cluster of the pair of clusters that
contains the 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 specify the first PSN of the defect list in the DMA zone containing
this particular DDS.

The location of LSN 0 of user data area field shall specify the PSN of the first user data frame in the
first cluster after the Lead-in zone. This field shall be set to 00 10 00 00h unless otherwise specified by
the BDAP.
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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 disks and
01 74 E7 FFh for DL disks unless otherwise specified by the BDAP.

The 8-bit flag A field specifies the status of an SL disk or a DL disk. This byte shall be set to 03h on SL
disks and OFh on DL disks unless otherwise specified by the BDAP.

The status bits of INFO 1/PAC 1 locations on layer LO field shall specify the recording status of all 32
clusters in the INFO 1/PAC 1 zone on layer LO (see Figure 106). The bit pairs shall be set as defined in 21.3.

Byte position Bits INFO 1/PAC 1 location PAA
64 b, b, 01 FF 80h
64 b: b, 01 FF 84h
64 b; b, 01 FF 88h
64 b, b, 01 FF 8Ch
65 b, by 01 FF 90h
70 b, by 01.FFECh
71 b, b, O1FF FOh
71 b: b, 01 FF F4h
71 b; b, 01 FF F8h
71 b, b, 01 FF FCh

Figure 106 — Status bits and related INFO 1/PAC 1 address locations on laygr L0

The stptus bits of INFO 2/PAC 2 locations-on layer LO field shall specify the recording sfatus of all 32
clusters in the INFO 2/PAC 2 zone on layety 1.0 (see Figure 107). The bit pairs shall be set as defined in 21.3.

Byte position Bits INFO 2/PAC 2 location PAA
72 b, b, 01 BA0Oh
72 b: b, 01 BA 04h
72 b; b, 01 BA 08h
72 b, b, 01 BAOCh
73 b, by 01 BA 10h
78 b, b, 01 BA 6Ch
79 b- b, 0T BA70h
79 b: b, 01 BA 74h
79 b; b, 01 BA 78h
79 b, b, 01 BA 7Ch

Figure 107 — Status bits and related INFO 2/PAC 2 address locations on layer LO

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 108). The bit pairs shall be set as defined in 21.3.
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Byte position Bits INFO 1/PAC 1 location PAA
80 b, bg 3E 00 00h
80 b: b, 3E 00 04h
80 b; b, 3E 00 08h
80 b, b, 3E 00 0Ch
81 b, b, 3E 00 10h
86 b, b, 3E 00 6Ch
87 b, b, 3E 00 70h
87 b: b, 3E 00 74h
87 b; b, 3E 00 78h
87 b, b, 3E 00 7Ch

Figule 108 — Status bits and related INFO 1/PAC 1 address locations on layer L1

The status bits 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 109). The bit pairs shall be set as defined in 21.3.

Byte position Bits INFO 2 /PAC 2 location PAA
88 b, b, 3E 45 80h
88 b b, 3E 45 84h
88 b; b, 3E 45 88h
88 b, b, 3E 45 8Ch
89 b, by 3E 4590h
94 b/ b, 3E 45 ECh
95 b, by 3E 45 FOh
95 b: b, 3E 45 F4h
95 b, b, 3E 45 F8h
95 b, b, 3E 45 FCh

Figure 109~ Status bits and related INFO 2/PAC 2 address locations on layer L1

22.2.3 Defectlist (DFL)

The first of the 4 or 8 clusters constituting the DFL contains a defect list header followed by a list of
defects. The list of defects shall be terminated by a defect list terminator.

The DFL shall be composed as shown in Figure 110.
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Cluster Start byte position
number/ in data frame Content Number of bytes
data frame
0/0 0 Defect-list header 64
0/0
: 64 .
List of defects 65472
0/31
1/0
) N List of defects 65936
1/31
K/0
: 0 List of defects
nx|8
nx 8 Defect-list terminator 8
: set Q0K
K/31 (n+1)x8
K =3onanSLdiskand K= 7 on a DL disk

Figure 110 — Format of DFL

The ddfect list header (DLH) identifies the deféct list and contains information about the gomposition of
the lisf of defects (see 22.2.4).

The ligt of defects contains a list of clusters determined to be defective during use of the media (see

22.2.5).

The de¢fect list terminator clgses the list of defects and shall be written immediately |[following the
actual|last entry in the list of defects. The defect list terminator can be located in any of the 4 (SL disk)
or 8 (DL disk) clusters constituting the DFL, depending on the number of entries in the list of defects.

All rerhaining bytes following the defect list terminator shall be set to 00h.

22.2.4 Defect listheader (DLH)

The format eftthe DLH is defined in Figure 111.

The DFLidentifier shall be set to 44 4Ch, representing the characters “DL".

The DFL format field shall be set to 00h, identifying a DFL.

The DFL-update count shall specify the total number of update operations of the defect list. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each
time the DFL is re-written.

The number of DFL entries, Ny, shall indicate the total number of entries in the DFL and Npp, shall be
sum of numbers of NRD and PBA unless otherwise specified by the BDAP:

— For an SL disk: Ny, < 32 759;

— Fora DL disk: Npg; < 65 527.
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Cluster Byte position
number/ in data frame Content Number of bytes
data frame

0/0 Oto1l DFL identifier 2

0/0 2 DFL format 1

0/0 3 Reserved 1

0/0 4to7 DFL-update count 4

0/0 8to11 Reserved 4

0/0 12 to 15 Number of DFL entries (Npg ) 4
Reservedumntess othrerwise

0/0 16to 19 specified by the BDAP 4

0/0 20 to 23 Number of NRD entries 4
Reserved unless otherwise

0/0 24t027 specified by the BDAP 4

0/0 28to 31 Number of PBA entries 4
Reserved unless otherwise

0/0 321035 specified by the BDAP. 4

0/0 36 to 63 Reserved 28

The number @
The number g
The number g

The number @

22.2.5 List df defects

The format of

The DFL entri
contiguously,

The defect lis

— the first 4

— the seco

142

d 4 bvte 0 De egu

bytes'shall be set FF FF FF FFh;

check the alidity of te defet lst at power—d failues).

Figure 111 — Format of DLH

f NRD entries shall specify the total number 6fNRD entries in the DFL.
f NRD entries is a variable number that.cafbe changed during the use of the disk.
f PBA entries shall specify the total niimber of PBA entries in the DFL.

f PBA entries is a variable number that can be changed during the use of the disk.

the list of defects isshown in Figure 112.

[ terminatel™(DFL terminator) shall be composed of the following two 4-byte parts

es shall be formatted as specified in 22.2.6. DFL entries consist of 8 bytes and are reforded
even across the-borders of data frames and clusters.

|sed to
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Cluster Start b . Numb
number/ ta'rt yte position Content umber
in data frame of bytes
data frame

0/0 64 DFL entry 0 8
0/0 72 DFL entry 1 8
0/0 ix 8+64 DFL entry i 8
0/0 2032 DFL entry 246 8
0/0 2 040 DFL entry 247 8
0/1 0 DFL entry 248 8
0/1 8 DFL entry 249 8
0/1 2040 DFL entry 503 8
0/n 0 DFLentryn x 2568 8
0/31 2040 DFL éntry 8 183 8
m/0 0 DFEentrymx 8192 -8 8
m/0 jx 8 DFLentrymx 8192-8+j 8
m/0 2 040 DFL entrym x 8192 - 8 + 255 8
m/1 0 DFLentrymx 8192 -8+ 256 8
m/1 2 040 DFLentrymx 8192 -8+511 8
m/n 0 DFLentrymx 8192+nx 256-8 8
m/31 2 040 DFLentrymx 8192+8191-8 8
K/u [(Npp, - 1) x 8+64 -

(k%m)  |-nx 2048-Kx 65536] DFL entry (Npr., - 1) 8
K/n L [,)NRZL; s: 62,: 536] DFL terminator 8
K/ [(Nor, + 1) x 8+ 64

-nx 2048 -Kx 65536] Set to 00h
K/(n+1)
to K/31 0 Set to 00h 2048

K=3onanSLdiskand K=7 on a DL disk

Figure 112 — Format of list of defects
22.2.6 DFL entries
Each DFL entry shall be formatted as shown in Figure 113. The bytes of the DFL entry are converted

into a 64-bit sequence with the msb’s first.
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The list of defects shall be sorted in ascending order as if each entry were a single 64-bit unsigned
integer of which the msb is ignored (always supposed to be ZERO), which means that first sorted by
status 1, and within status 1 by defective cluster first PSN, and within defective cluster first PSN by
status 2, and within status 2 by number of successive clusters.

byte 0/bit 7.4 | byte 0/bit 3..0 and byte 1 to 3 | byte 4/bit 7..4 | byte 4/bit 3..0 and byte 5 to 7
of DFL entry i of DFL entry i of DFL entry i of DFL entry i
b63 b60 b59 b32 b31 b28 b27 bO
Status 1 Defective cluster first PSN Status 2 Number of successive clusters

Figure 113 — DFL entry format

The defective cluster first PSN shall identify the PSN of the first physical sector of the cluster to be
indicated. Only the 28 least significant bits of the PSN shall be stored in bits bgg Ob%, (the 4 most
significant biffs are discarded). Each defective cluster shall appear only once in the tist'of defects
The number (f successive clusters field shall indicate the number of successivé clusters covered|by the
possibly bad area (the value 0 00 00 00h indicates that the number of unreliable clusters is unknown)
when status ] field is set to 0100 (see Figure 114). When status 1 field is 1ot set to 0100, this field is
reserved unlgss otherwise specified by the BDAP.
The status 1 flield shall indicate the status of the entry as shown in Figure 114.
Status 1 Type Definition
0001 NRD The entry identifies a defectiye\location.
The entry identifies an area“on the disk that can be defective and shpll
0100 PBA be checked. The defective-cluster first PSN shall identify the PSN of the
first physical sector of;the first cluster related to an error event.
PBAs shall not include any NRD locations.
Ot}_ler Reserved unless otherwise specified by the BDAP.
settings
Figure 114 — DFL entry status 1 definition
The status 2 fiield shall indicate the status of the entry as shown in Figure 115.
Status 2 || Definitien
0000 This)(default) setting shall be used if none of the following settings is valid.
(Only allowed in combination with status 1 = 0100 unless otherwise specified by|the
BDAP.)
The clusters do not contain any relevant user data. During read-modify-write actions
0100 the content of such clusters can be discarded (related status bits Sa;/Sa;, at new
location can be set to 11).
If the clusters covered by a PBA can contain valid user data, the status 2 of such a
PBA shall be set to 0000.
Ot}_ler Reserved unless otherwise specified by the BDAP.
settings
Figure 115 — DFL entry status 2 definition
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23 Assignment of logical sector numbers (LSNs)

Logical sector numbers shall be assigned contiguously over all clusters available for the storage of user
data starting from LSN 0 and increasing by one for each successive user data frame (see Figure 116).

Unless otherwise specified by the BDAP, LSN 0 is 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 lead-out zone/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 LO and is assigned to the first
user dfita frame Iin the 1Irst CIUSter atter the outer zone 1 (at PSN = 8 X FAA = X FFE0000(0h ).

The lagt LSN on layer L1 is equal to 16 x LAA + 31 -2 097 152 and is assigned to the lastuger data frame
in the |ast cluster before the lead-out zone (at PSN = 01 EF FF FFh).

Inner Outer Outer Inngr
radius Layer LO  radius radius Layer L1 radfus

LSN
—>

User data area

User data area

§ Lead-in Outer. Outer Lead-out
g zone zane 0 ,| zone 1 zong
o 77 _ |
A A A 4 >
S 1 ' PSN
001000 00h X X+ FE 0000 00h 01 EF FF FFh

Figure 116 — Assignment of logical sector numbers

24 Characteristics(of grooved areas

The signal values.specified in Clauses 24 to 28 are valid for all disk capacities, un]ess specified
othervise.

In this|document, the following two types of signals are distinguished:

— signals generated by the groove structures on the disk;

— signals generated by user-written marks.

In Clauses 25 to 28, the signals generated by the groove structures are defined and specified (the format
of the grooves has been defined in Clause 15).

All requirements in Clauses 25 to 28 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 embossed HFM area(s) (start/end of the PIC zone) at nominal radius 22,4 mm up to the inner
radius of the outer zone(s) + 20 um (dpzo/2 + 20 um). It is recommended that the requirements are also
fulfilled in the remainder of the outer zone(s).
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25 Method of testing for grooved area

25.1 General

When measuring the signals, the influence of local defects, such as dust and scratches, are excluded.
Local defects can cause tracking errors, erroneous ADIP information or uncorrectable data (see

Clause 34).

Measurement for Clause 25 to 27 shall follow the procedure in Annex I.

25.2 Enviro

nment

All signals sh|
conditions as

25.3 Refere

25.3.1 Gene

All signals sh
and in Annex

25.3.2 Read

The read pow
be (0,35 £ 0,1]

25.3.3 Read

The drive sha

all be within their specified ranges if the disk is in its range of allowed environ
defined in 8.1.1.

nce drive

ral

hll be measured in the appropriate channels of a reference drtive as specified in Cl
H.

power

er is the optical power incident on the entrance‘gsutface of the disk. The read pows
mW for an SL disk and (0,70 + 0,1) mW for a DI disk.

channels

|1 have two read channels as defined’in 9.5 and 9.6.

The HF sign
Annex H for

For measure
LPF with f 34

For measure

25.3.4 Trach

During measy

| from the HF read channel shall not be equalized, except when measuring jitt
tailed specifications).

ent of the push-pull signals, the radial PP read channels shall be filtered by a firs
=30 kHz.

ent of the wobple-signals, the radial PP read channels shall be filtered by a first ord
MHz.

(ing requirements

rement of the signals, the axial tracking error between the focus of the optical bed

mental

ause 9

r shall

e (see

order

er LPF

m and

the recordin

layér shall be maximum 55 nm, and the radial tracking error between the focus

of the

optical beam and the centre of the track shall be maximum 16 nm.

25.3.5 Scanning velocity

The actual rotation speed of the disk shall be such that it results in an average channel-bit rate of
66,000 Mbit/s or an average wobble frequency of 956,522 kHz.

25.4 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.

Some signals are normalized relative to the total detector current in an unrecorded, grooved area.
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This total detector current is referred to as per Formula (53):

IG = (11 + IZ)groove (53)

Push-pull signal

The push-pull signal is the low-pass filtered sinusoidal difference signal (I; - I,) in the radial PP read
channel (see Figure 8), 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 117).

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,omm, IS

definefl as per Formula (54):
(11 _12 )attz (11 _12 )attl

L (t)-1, (f)}
Prorm — = - (54)
|:11 (t)+12 (t) peak-peak (11 +12 )at t, (11 +12 )at t

Detector
current
(mA)

o

(L+1,) \/
Sum signal

1
1
|
1
: (11 - IZ)max
I
I
|
1
0 )
(h - L) ! H ! — >
; ; ! ' Radial positiop
Difference signal I | p
! 1 (time)
1 I
Ul - IZ)min : :
On track On track

Figure 117 — Definition of push-pull signals

Wobble signal

The wobble-signal prp is the peak to- peak value of the smusmdal difference 51gnal (11 I]) in the radial
a according to

25.3.4 4 See also Annex M and Annex E for a measurement method

The signal shall be normalized by the peak-to-peak value of the push-pull signal (I; - I) ,, to be, Iyys,
as per Formula (55):

_ Wpp (55)
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26 Signals from HFM grooves

26.1 Push-pull signal

The peak-to-peak value of the real-time normalized push-pull signal, Vpp, o, ypus in the embossed HFM

areas shall be

as per Formula (56):

0,26 < Vppnorm,urm < 0,52

26.2 HFM wobble signal

(56)

The normalized HFM-wobble signal is a measure of the deviation of the groove track from it$ alverage
centreline. Dye to interference with the wobbles of adjacent tracks, the amplitude of the HEM ¥
signal shows § variation (called “wobble beat”).

At locations

here the HFM wobble signal shows minimum amplitudes due to thé.wobble be

normalized HFM-wobble signal amplitude, Iy,ws, shall be as per Formula (57):

0,30 < Iypfys min < 0,60

At locations ¥
normalized H

INHWS,max

NOTE Bec
from the wobl
suitable for me

26.3 Jitter d

The binarized
the PIC zone.
shall be meas

Both the lead

The jitter sha

vhere the HFM wobble signal shows maximum amplitudes due to the wobble be
FM-wobble signal shall be as per Formula (58):

< 3 X INgws,min

huse the shape of the HFM-wobble signal detectéd.in the embossed HFM areas differs signi
le signal in the rewritable areas, the measurement procedure as described in Annex H
asuring these HFM-wobble signals.

f HFM signal

The jitter of the leading edges and the jitter of the trailing edges of this binarized
ired separately relativé.to'a PLL clock.

ng-edge jitter and.the trailing-edge jitter shall be <4,5 %.

|1 be measured under the following conditions:

— ac coupling (High-Pass Filter): first order, f 345 = 10 kHz;

— no equali

— normaliz

zation;

vobble

at, the

(57)

at, the

(58)

icantly
| is not

HFM wobble signal from the HFM grooves represents the embossed HFM informaltion in

signal

bd\by 18T clock period (see 15.5.4.2).

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,,.m shall meet the

requirements

of Formulae (59) to (64) in each layer:

— inunrecorded areas (all neighboring tracks unrecorded):
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0'21 < VPPnorm,unrec' < 0'45

— maximum variation of push-pull signal within 150 tracks in unrecorded areas:

for SL disks;

min <0 15

VPPnorm,unrec. )max _(VPPnorm,unrec. )
|4

(
( PPnorm,unrec. )max+(VPPnorm,unrec. min

for DL disks;

(59)

(60)

~

(

PPnorm,unrec. )max _(VPPnorm,unrec. )

e

— m

~

min < 18

PPnorm,unrec. >max + ( VPPnorm,unrec. )min

hximum variation of push-pull signal within one layer in unrecorded areas:

PPnorm,unrec. )max _(VPPnorm,unrec. )

.__A
~

27.3 )

27.3.1

The n
centre
track d

27.3.2

Due td

min <0 25

PPnorm,unrec. )max + ( VPPnorm,unrec. )min

recorded areas (all neighboring tracks recorded):

41 < VPPnorm,rec.S 0'4‘5

Lio of average push-pull signals in recorded andunrecorded areas within one layer

V:
PPnorm,rec. <1, 25

%

PPnorm,unrec.

5<

Wobble signal

General
prmalized wobble signalVis a measure of the deviation of the groove track fro
entre line can bescglculated according to information in Annex M.

Measurement of Iy

interference with the wobbles of adjacent tracks, the amplitude of the wobble s

variation (called “wobble beat”). The wobble signals shall be measured in an unrecord

contin

Lously tracking the spiral groove. A measurement procedure shall follow Annex E.

(61)

(62)

(63)

(64)

m its average

line. The distance that the actual centre of the wobbled groove track deviates froin the average

gnal shows a
bd area while

At locations where the wobble signal shows minimum amplitudes (excluding the effects of MSK marks),
the normalized wobble signal shall be as per Formula (65):

0,20 < Iyws,min < 0,55

(65)

At locations where the wobble signal shows maximum amplitudes due to the wobble beat, the

normalized wobble signal shall be as per Formula (66):

Iyws max < 3 * INws,min
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27.3.3 Measurement of wobble CNR

The narrow band S/N (or CNR) of the wobble signal after recording shall be greater than 26 dB at the
locations where the wobble signal shows minimum amplitudes.

The carrier shall be measured at 956,5 kHz and while the noise level shall be measured at 500 kHz (see
Annex E for detailed specifications).

27.3.4 Measurement of harmonic distortion requirements

To guarantee a minimum quality of the HMW modulation, the second harmonic distortion of the wobble
signal shall be sufficiently low compared to the second harmonic level originating from the HMW

modulation.

The second h
by measuring
locations of t}

hrmonic level, Lgy;, and the second harmonic distortion level, Lgyp, shall be'deter
the fundamental wobble frequency level and the second harmonic frequency’level
e disk. Both levels shall be measured in the data zone and in protection zone 3.

The ratio of the Lgyp and Lgy;, normalized to the local fundamental wobble frequency level, sha

one of the foll

LSHD/LSHI

LSHD/LSHI

pwing requirements:
< -12 dB with zero radial tilt;

< -6 dB within +0,70° of radial tilt.

The measurements shall be made using a spectrum analyzer (seeAnnex E for detailed specificat

28 Characferistics of recording layer

The signal v{
otherwise.

\lues specified in Clauses 28 to 31 are“valid for all disk capacities, unless sp

In this documjent, the following two types of signals are distinguished:

— signals ge
— signals gg

Clauses 28 to

nerated by groove structures.on the disk;
nerated by user-writtehmarks.

31 specify a series:of tests to assess the recording properties of the recording 14

used for writing data.

All requiremsd
of other recoi
of the rewrit

nts in Clauses 28 to 31 shall be fulfilled in all layers independent of the recording
ding layer{(whether unrecorded, recorded or partially recorded) from the inner

radius of the
fulfilled in th¢

hble area(start/end of the INFO/OPC zone) at nominal radius 23,2 mm up to thg
utek zone(s) + 20 pm (dpyo/2 + 20 um). It is recommended that the requirements a
rémainder of the outer zone(s).

mined
at two

] meet

ons).

pcified

yer, as

status
radius

inner
e also

Measurement for Clause 28 to 31 shall follow the procedure in Annex I.

29 Method of testing for recording layer

29.1 General

The tests shall be performed in the rewritable 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

150

can cause tracking errors or uncorrectable data (see Clause 33).
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29.2 Environment

All signals shall be within their specified ranges when the disk is in its range of allowed environmental
conditions as defined 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 rgad power is the optical power, incident on the entrance surface of the disk and jonly used for
readinig the information. The read power shall be (0,35 + 0,1) mW for an SL disk/and (0,70]+ 0,1) mW for
a DL disk.

29.3.3] Read channels

The drjive shall have two read channels as defined in 9.5 and 9.6. Fhe HF signal from the Hf read channel
shall not be equalized, except when measuring jitter (see Annex‘H'for detailed specificati¢ns).

29.3.4 Tracking requirements

During the writing and reading of the signals, the axial'tracking error between the focus|of the optical
beam @nd the recording layer shall be a maximun¥of 55 nm, and the radial tracking errof between the
focus ¢f the optical beam and the centre of the track shall be maximum 16 nm.

29.3.5] Scanning velocities

Write fests shall be carried out at all(welocities defined in each of the DI units that are present on the
disk (see 15.8.3).

During reading, the actual rotation speed of the disk shall be such, that it results in an avdrage channel-
bit rate of 66,000 Mbit/s oran average wobble frequency of 956,522 kHz.

29.4 Write conditions

29.4.1] Write;pulse waveform

Marks|and(spaces are written on the disk by pulsing a laser. The laser power is modulatedl according to
one of thelwrite-pulse waveforms given in Annex F. A 2T to 9T NRZI run length is written|by applying a
multi-putse tratm of Write putses.

The laser power during recording has the following four levels:
— the write peak power Py;

— the bias write power Pgy;

— the cooling power P;

— the erase power Py (or Pg; and Pg, in case of the N-1 write strategy A, see Annex F for detailed
definition).

which are the optical powers incident on the entrance surface of the disk.

Marks are created by the write peak power Py, spaces are created by the erase power P, (or Py and Pg,).
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The values of Py, Pgy, Pc, Pg or Pg; and Py, shall be optimized according to Annex G for detailed
procedure.

The actual powers Py, Pgy, Pc, Pg or P and Py, for testing shall be within £5% of their optimum values,
where Py, P, Pg or Pg; and Py, 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, Pco» Pro OF Pg1o and Pg,q shall meet the conditions as shown in
Figure 118 (values in mW).

Single-layer disk Dual-layer disk
1x recording 2x recording 1x recording 2x recording
velocity velocity velocity velocity
Min. Max. Min. Max. Min. Max. Mim Mak.
Pyo 3,0 6,0 3,0 7,0 6,0 12,0 6,0 14,0
Pgwo 0,1 4,0 0,1 7,0 0,1 8,0 0,1 14,0
Pqo 0,1 4,0 0,1 7,0 0,1 8,0 0,1 14,0
Pro / Peok 0,3 4,6 0,3 54 0,6 972 0,6 10,8
Pgy0 0,3 4,6 0,3 5,4 0,6 9,2 0,6 10,8

Figure 118 + Write power values for single and dual-layer disks at 1x and 2x recording velocity

29.4.3 Writ¢ conditions for jitter measurement

The test for jitter shall be carried out on any group-of five adjacent tracks, designated (m - 2), (m t+ 1), m,
(m + 1), (m + 3) in the rewritable areas of the disk.

The five tracKs are recorded consecutively, with random data with a write power Py, = Py as sppcified
in 29.4.1. To theasure the jitter after n;.overwrites [jitter @ DOW(n)], all five tracks are overwrjtten n
times with rapdom data with a write(power Py, = Pyyq.

29.4.4 Writq conditions for cross-erase measurement

The test for dross-erase shall be carried out on any group of five adjacent tracks, designated (mm - 2),
(m-1), m, (mf+ 1), (m +2),2in the rewritable areas of the disk.

To initialize the measurement, the five tracks are recorded ten times repeatedly with random data with
a write powell Py, =Py as specified in 29.4.1. After that, the initial values of the needed parametgprs are
measured. Thiis\nwitial condition is defined as the DOW(0) condition.

To measure the cross-erase after n overwrites [cross-erase @ DOW(n)yg], the tracks (m - 1) and (m + 1),
are overwritten n times with Py, = 1,1 x Py (all power levels shall be proportional to Py, see 29.4.1).

29.4.5 Write conditions for inter-velocity overwrite measurements

The test for inter-velocity overwrite shall be carried out on any group of five adjacent tracks, designated
(m-2),(m-1),m,(m+ 1), (m+ 2), in the rewritable areas of the disk.

To initialize the measurement, the five tracks are recorded at one of the specified recording velocities
ten times repeatedly with random data with a write power Py, = Py as specified in 29.4.1. After that,
the five tracks shall be overwritten once at another recording velocity.
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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,
a LPF and a slicer (see Annex H for detailed specifications). The jitter of the leading edges and the jitter
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 photod¢tector. These
currents get modulated by the different reflectivity of the marks“-and spaces repfesenting the
information on the recording layer (see Figure 119).

30.2 Modulated amplitude

The mpdulated amplitude /g, is the peak-to-peak valueofthe HF signal generated by th¢ largest mark
and space lengths. The peak value Igy is the peak value ofthe HF signal before ac coupling.

The mpdulated amplitude I, is the peak-to-peak ¥alue of the HF signal generated by the $mallest mark
and space lengths. The 0 level is the signal levelobtained from the measuring device when no disk is
inserted.

NOTE In the sync patterns, run length$.ef 9T occur. However, the recurrence of these 9Ts is very low and
therefdre their influence on the HF peak-to-peak signal is negligible.
ISH = Itop
_"r__‘r _____________ P /\v,\'\'\ SN
/Z/ AN e CaNSZaN \$
/ /Q/A'A'A'A\'// \'/A\A'&.
-+ AAA'"NAYA"A'
' Y 'AAAVAA
I I3pp y A
gpp NN | [ ____
PR 2pp
\A\,ié g \'/A\,'/A\ A\ \:/ ’ IZL
SS— > 2 Z
I Igy,
Y 0 level 4

Figure 119 — Schematic representation of HF signal from marks and spaces

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.
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The modulation signals shall meet the requirements of Formulae (67) to (69):

Igpp / Ign 2 0,40 (67)
I3y / Igpp 2 0,25 (68)
Lpp / Igpp = 0,050 for disks with a capacity of 25,0 GB and 50,0 GB (69)

The variations of the modulation signals shall be as per Formulae (70) and (71):

— within onelayeratDOW O Heontinnouslyrecorded):

UBHmaX - lBHmin) / ISHmax <033 (70)

— within orle revolution at DOW(0) (continuously recorded):

UBHmax - lBHmin) / ISHmax <0,15 (71)

For DL disks, the ratio between the modulation signals on layer L0 and layerd.1, at DOW(0) (continuously
recorded), shall be as per Formula (72):

0,25 < (Igy Lo — Ten,11) / Ugp,Lo * Ton,L1) < +0,25 (72)

where Igy | ¢ and Igy | ; 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,, modulated amplitud¢) shall
be as per Forrnulae (73) and (74) (see Annex B fordetailed specifications):

— for SL disks:
18pp
RXM=Rg x| — |, with 0,050 <R x M < 0,15 (73)
Igy
— for DL didks:
18pp
RXM=Rgf X I_ ““with 0,016 < R x M< 0,048 (74)
8H

The reflectivity-of-the disk multiplied by the I, resolution (= normalized I,,, modulated ampfitude)
shall be as per Formulae (75) and (76):

— for SL disks with capacity of 25,0 GB:

- Lapp >
RXI, =Rgy; X T} RxI, =2 0,005 0 (75)
8H
— for DL disks with capacity of 50,0 GB:
Rl =B xd 222 | Rt > 0,001 2 76
X 2 - BHX I_ ] X 2= ) ( )
8H
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30.4 Asymmetry

The HF signal asymmetry shall meet the requirement of Formula (77):

-0,10 <

lgytlg, D+l
2 2

< 40,15

18pp

30.5 Jitter

The tracks on which the jitter is to be measured, shall be recorded as specified in 29.4.3.

(77)

The jit

After 1
track 1

NOTE

ter shall be measured on the centre track m of the five recorded tracks, at the refer

h overwrites (0 < n < 10) of track m, both the leading-edge jitter and the trailing
h (measured separately) shall fulfil the following requirements:

5L disk and on layer LO of a DL disk for all disks, independent on capagity:

0 % when measured using the circuit specified in Annex H and’this circuit set to 1
bde, and

,5 % when measured using the circuit specified in Annex.H/and this circuit set to |
bde and the edges that are adjacent to a 2T mark orca 2T space are not include
basurement.

br 1.1 of a DL disk for all disks, independent on capacity:

,5 % when measured using the circuit specified in Annex H and this circuit set to |
pde, and

,5 % when measured using the circyit specified in Annex H and this circuit set to 1
bde and the edges that are adjacent to a 2T mark or a 2T space are not include
basurement.

Not including edges that.dre adjacent to a 2T mark or a 2T space means that in the jitte

only th
nz3a

dm=3.

30.6 Cross-erase

The tracks on which the cross-erase is to be measured, shall be recorded as specified in |

overwrites (Q € in'< 10) of tracks (m - 1) and (m + 1), the modulation and jitter in track m

requirementof Formula (78):

Spp8HS XE

ence velocity.

edge jitter in

mit-equalizer

mit-equalizer

d in the jitter

mit-equalizer

mit-equalizer
H in the jitter

F measurement

pse edges are taken into dccount that are in between an nT mark/space and an mT space/mark, with both

P9.4.4. After n
hall fulfil the

= 0,90

(1810p /gy )at DOW(0)yg

After n overwrites, both the leading-edge jitter and the trailing edge jitter (measured separately) shall
fulfil the following requirements:

©150/1
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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 mode;

on layer L1 of a DL disk for all disks, independent on capacity:

<9,0 % when measured using the circuit specified in Annex H and this circuit set t
equalizer mode; and

< 7,0 % when measured using the circuit specified in Annex H and this circuit set t

o limit

o limit

equalizer mode and the edges that are adjacent toa 2T mark or a 2T space are not included

in the jitter measurement.

NOTE Not
only those edg
nz3andmz3

30.7 Inter-vyelocity overwrite

The tracks on
29.4.5 for all g

The jitter sha
and shall fulfj

on an SL

<7
izer

<6,
equl
the

on layer 1

<8,

<6,
equ
the

NOTE Not
only those edg
n=3andmz= 3

including edges that are adjacent to a 2T mark or a 2T space means that in the jitter measul
s are taken into account that are in between an nT mark/space and an mT space/mark, wi

which the inter-velocity overwrite is to be measured and shall berecorded as spec
ombinations of all specified recording velocities.

I be measured on the centre track m of the five recorded tracks, at the reference v|
| the following requirements:

isk and on layer LO of a DL disk for all disks, indepenident on capacity:

% when measured using the circuit specifiedin Annex H and this circuit set to limit
mode; and

b % when measured using the circuitspecified in Annex H and this circuit set t
alizer mode and the edges that are adjacent to a 2T mark or a 2T space are not incly
jitter measurement;

1 of a DL disk for all disks, independent on capacity:

b % when measured using the circuit specified in Annex H and this circuit set t
hlizer mode, and

b % when measured using the circuit specified in Annex H and this circuit set t
alizer mode and the edges that are adjacent to a 2T mark or a 2T space are not incly
jitter measurement.

including edges that are adjacent to a 2T mark or a 2T space means that, in the jitter measus
s are-taken into account which are between an nT mark/space and an mT space/mark, wi

ement

th both

fied in

plocity

equal-

p limit

ded in

b limit

p limit
ded in

ement,
th both

30.8 Read stability

Up to 10 successive reads from a single track with a DC read power of:

0,40 mW
0,44 mW

0,80 mW

for SL disks at 1x speed reading;
for SL disks at 2x speed reading;

0,70 mW for DL disks at 1x speed reading; and

for DL disks at 2x speed reading.

The disk shall remain within all specifications in the operating environment.
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Up to 106 successive reads from a single track with an HF-modulated read power (averaged) of:
— 0,30 mW for SL disks at 1x speed reading;

— 0,33 mW for SL disks at 2x speed reading;

— 0,60 mW for DL disks at 1x speed reading; and

— 0,70 mW for DL disks at 2x speed reading.

The disk shall remain within all specifications in the operating environment.

The modulation should fulfil the following (see Figure 120):

— 1podulation frequency (= 1/Typ.jaser) (400 + 40) MHz;
—  pulse width (300 = 30) ps;
— 1jatio of peak power and average power 7,0£0,7;
—  RQottom level between peaks flat
2
@ Peak
e TiF-laser
=
)
<=
60
=
Pulse width
(FWHM)
Average
time

Figure 120 — Schematic representation of light pulses from laser diod¢

Additianally the SER (Qpp 34 1) shallbe <4 2 x 10-3 in nnyl DC block

Equivalent to <317 counts (= 4,2 x 103 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 pm; and
—  black dots without birefringence: <150 pum.

32 Characteristics of user data

Clauses 32 to 34 describes a series of measurements to test conformance of user data on the disk. They

check the legibility of user-written data. The data is assumed to be arbitrary.

User-written ffata may hiave been WTIitten by any drive at any speed I any operating environment.

33 Method of testing for user data

33.1 Genergl

The read test$ described in Clauses 32 to 34 shall be performed on the reference-drive.

Whereas Clagises 24 to 30 disregard local defects, Clauses 32 to 34 in¢lude them as unavgidable
deterioration|of the read signals. The gravity of a defect is determinéd by the correctability|of the
ensuing errois by the error detection and correction circuit in the<read channel defined below. The
requirements|in Clauses 32 to 34 define a minimum quality of theldata, necessary for data interchange.
33.2 Environment

All signals shall be within their specified ranges when the disk is in its range of allowed environfnental
conditions as(defined in 8.1.1.

33.3 Reference drive

33.3.1 Geneyal

All signals shall be measured in the appropriate channels of a reference drive as specified in Clayse 9.
33.3.2 Read|power

The read powjer is the optical power incident on the entrance surface of the disk. The read powdr shall
be (0,35 £ 0,1) mW for-ad SL disk and (0,70 * 0,1) mW for a DL disk.

33.3.3 Read|channels

The drive shallhave two read channels as detined in 9.5 and J.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.

158 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=47607c27ac6d67a8d2f3b06fc179dcaf

33.3.5

ISO/IEC 30192:2021(E)

Tracking requirements

During measurements of the signals, the axial tracking error between the focus of the optical beam and
the recording layer shall be maximum 55 nm and the radial tracking error between the focus of the
optical beam and the centre of the track shall be maximum 16 nm.

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/s or an average wobble frequency of 956,522 kHz.

3341
Byte e

Abyte
detect

Burst

A burg
betwe

The le
that is
errone

The nu
not co

See ex

sequeIce as they were recorded on the disk (see 13.1 and 13.8):

~

Error-signals
rror

error occurs when one or more bits in a byte have a wrong value, as detected by thg
on and/or correction circuits.

error

t error is defined to be a sequence of bytes where there aré'not more than two
b1 any two erroneous bytes. For determining burst errors,the' bytes shall be orders

gth of a burst error is defined as the total number of bytes counting from the first e
separated by at least three correct bytes from the) last preceding erroneous byte
ous byte that is separated by atleast three correct bytes from the first succeeding ef

mber of erroneous bytes in a burst is defined as the actual number of bytes in that
[Tect.

hmple in Figure 121.

related error

correct bytes
d in the same

'roneous byte
until the last
roneous byte.

burst that are
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Symbol erro

The symbol e
bytes in the

Formula (79)

N

-1 Fa -
N x 75392
where
Ea’l. is the number of all erroneous bytes in LDC block i;
N  is th¢ number of LDC blocks.

Random sym

The random s
in burst erron

SER calculati
N

2

X|clclc|lx|[x|c|lc|x|c]x]|x|x|c]|]c]|c c | x
«—— burst length =9 bytes ——
number of erroneous bytes in burst = 6
c = correct byte, x = erroneous byte
Figure 121 — Example of burst error
r rate

Selected LDC blocks divided by the total number of bytes in those LDC blo¢ks

bol error rate

s of length 240 bytes are counted neither in the numerator nor in the denominatoi

n as per Formula (80):

Ea,i - Eb,i )

N x 7534
where
Ea'l. is the
Eb,i is the

N isthd

N
2= i1 Evi

number of all erroneous bytes in LDC block i;
number of’all erroneous bytes in burst errors 240 bytes in LDC block i;

number of LDC blocks.

'ror rate (SER) averaged over N LDC blocks is defined as the total number of all errtlmneous

as per

(79)

ymbol error rate is defined as the symbelerror rate where all erroneous bytes contained

of the

(80)

34 Minimum quality of recorded information

34.1 Random symbol error rate

When checking the quality of the disk, the area selected for determining SER and burst errors shall be

overwritten t

en times with arbitrary user data.

Random SER after ten overwrites, averaged over any 10 000 consecutive LDC blocks shall be <2,0 x 10-4.

34.2 Maximum burst errors

In each recording unit, block the number of burst errors with length 240 bytes shall be less than 8 and
the sum of the lengths of these burst errors shall be <600 bytes.
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User-written data

User-written data in a recording unit block (RUB) as read in the HF read channel shall not contain any
byte errors that cannot be corrected by the error correction system defined in Clause 13.

35 B

CA

The zone between r; and r is reserved for use as a burst-cutting area (BCA) (see 15.2 and Figure 53).

The BCA shall be used to add information to the disk after completion of the manufacturing process.

The BCA-—code can be written hy a high-pnurnr laser system or hy the initializer i

n the case of

rewritlable disks.

All inf

The B
BCAc

No BC

The B
direct

The infformation in the BCA code can be read by adrive at any radius between radius
radius|{22,0 mm on layer LO.

The d¢cision to record the BCA code is BDAR:dependent. BCA code shall not be record
unless|otherwise specified by the BDAP. Thelformat and content of the BCA code is defined

betwe

de is allowed to overlap the protection zone 1 partially).

on. Each of the stripes shall extend fully across the"BCA in the radial direction.

bn the interchange parties.

brmation in the BCA code shall be written in CAV mode, where every revolation hps exactly the
same qontent, which content shall be radial aligned (see Figure 122).

[A code shall be located between radius 21,3%)3 mm and radius 22,03%’2 mm on|layer LO. (the

A code shall be written on layer L1, but some effect of writing the BCA code on layer LO can be
visiblg on layer L1.

CA code shall be written as a series of low-reflectarice stripes arranged in cifcumferential

21,3 mm and

ed in the BCA
by agreement
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Burst-cutting area

BCA-code

Figure 122 — 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
Let D(
Then,

oS

A2 ]
The re
1,4

A3

The re
Ry

The re
follow

Thickness variation of the transmission stack

e the total transmission stack consists of k layers, the following procedure shall
n1ining the thickness of the individual layers:

e values d; .. d; represent the thicknesses of layers 1.. k;

e values n .. nj represent the refractive indices of layers 1 .. k.

1) be the nominal thickness at refractive index n according to Figtire 15.
he thickness d|, of layer k should be as per Formula (A.1):

=D(n, ) x [1—2 D?;')]

Refractive index n; of all layers in caver layer and spacer layer
fractive index n; of each layer in the covetdand spacer layers shall be as per Formuld

5<n,<1,70

ative thickness of thetransmission stackj Ry, is defined as per Formula (A.3):
k
d.
— 1
P

lative thickness, Ry, of the transmission stacks, measured over the whole disk, 5
ng requirements.

be applied in

(A1)
(A.2):

(A.2)

(A.3)

hall fulfil the

a) TH

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 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 15, D(n;) = 102,4 and D(n,) = 98,5.
From Formulae (A.1) and (A.2), d,, in pm, can be calculated as per Formula (A.6):

d,=98,5 x 1-—75 ) = 26,356 (A.6)
102,4

)
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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.

be in the parallel method only the “total” reflectance; R, can be measured, a calculafion is needed

ss cover layer
h as shown in
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R, to Rint
detector | R
RS
IB
.. P
incident q
beam N

Key
R reflectivity of the recording layer (including the double pass transmission stack fransmission);

r  reflectivityf of the entrance surface;

of reflectivity as measured by the focussed beam (is by definition = R, / I);

Iz incident b¢am;

R, reflectancg caused by the reflectivity of the entrance surface;

R, main refle¢tance caused by the reflectivity of the recording layer;

Ry, reflectanc¢ caused by the internal reflectance’s between theentrance surface and the recording layer;
R,, measured yalue (Rg + Ry, + Ryy,).

Figure B.1 — Reflectivity calibration

The reflectiviky of the entrance surface is\defined by Formula (B.1):
P
r=("—1 (B.1)
n+1

where n is thg index of refraction of the cover layer.

The main reflectance RG/='R, - R, - R, which leads to Formula (B.2):

R
R {(l—r)zx(%—rﬂ
Rref: Im ; (B-Z)
B { 1—rx[2—%] J
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.
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B.3 Measuring method

B.3.1

Reflectivity in unrecorded, virgin rewritable areas

A method of measuring the reflectivity using the reference drive.

a) Measure the total detector current (I; + 1) ¢ from the reference disk with calibrated reflectivity R

ref

b) Measure the total detector current (I; + 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
never have been recorded nor erased.

¢ C

pdr Formula (B.3):

R

B.3.2

A method of measuring the reflectivity using the reference drive.

a) M

b) M
in

be

TR f
8v (11 +12 )ref e

ICulate the unrecorded virgin diskKrerlectivity Kg—v In the groove tracks or the rew

(I +1, )c, o

Reflectivity in unrecorded, erased rewritable areas

pestigation where the groove track and the two adjacent tracks on each side of the g

pasure the total detector current (I; + I;) ¢ from the reference disk with calibrated r¢flectivity R

itable area as

(B-3)

ref*

pasure the total detector current (I; + I,); from acgroove track in an area of the disk under

lFoove track to

measured have been erased. Erasure of thesetracks shall be done by irradiating thle tracks using

only the P, power as determined from the OPC-algorithm (see Annex G for detailed procedure).

c) Cdlculate the unrecorded erased disk reflectivity Ry in the groove tracks of the rewtitable area as

pdr Formula (B.4):

Re

B.3.3

A method of measuringthereflectivity using the reference drive.

a) M

b) M
th
th
Al

_ (I +1, )G o
e (11+12)ref ref

Reflectivity in recorded rewritable areas

pasure the total detector current (I; + I;)..; from the reference disk with calibrated r¢

pasure Igip from a recorded groove track in an area of the disk under investigation

b two<adjacent tracks on each side of the groove track also have been recorded,
e tracks shall be done using the optimum powers as determined from the OPC a
1nex’G for detailed procedure ).

(B-4)

flectivity R

ref*

Wwhere at least
Recording of
lgorithm (see

c) Calculate the recorded disk reflectivity Rgy in the groove tracks of the rewritable area as per

Formula (B.5):

Rg

I
u :%x}eref (B.5)
( 1 + 2 )ref
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Annex C
(normative)

Measurement of scratch resistance of cover layer

C.1 General

The entrance purface of the disk has sufficient scratch resistance, which can be improved by a protective
coating (see 1[1.6.2).

C.2 Taber|abrasion test

The following so-called taber abrasion test verifies whether the scratch resistance of the entrance
surface of the|disk is sufficient.

Two wheels cpvered with abrasive material are applied to the disk under(test with a specified load (see
Figure C.1).

Rotation :I;\xis of disk

Rotation axis
@\\Qf wheels

\\ ~
= Rotation
' / directioh
of disk
Line through

“~-.__centre of disk

.
T~

i Projection of ~ >~ .
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.[1]

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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Measurement of repulsion of grime by cover layer

D.1 General

Annex D des
determining

49N
10s

J

|

ribes a method of applying an artificial fingerprint (AFP) to the disk for the purpose of

he disk's sensitivity to fingerprints. Figure D.1 shows the basic procedure.
49N
10s

Silicone rubber
stamp

e

J

|
adhesion d

After applyin
when measur]
physical clust]
the lengths of

D.2 Specif

The silicone r
dimensio

shore har

e

Disk under test
with AFP

Disk under test
stamping

nk pad
fink to stamp

Figure D.1 — Applying AFP to disk

b the AFP, the random SER (see 3374) in each physical cluster in the AFP-printe

l area,

ed on layer L0, shall be <4,2 x 10=3 when recording and reading through the AFP. In each

er, the number of burst errorsiwith length 240 bytes shall be less than 8 and the
these burst errors shall beg800 bytes.

jcations of stamp
ibber stamp sHall have the following specifications:

hs: stampghape @16 mm x @12 mm x 20 mm height;
dness:istA60.

sum of
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