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Foreword

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

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 high-
definition video content.

The Blu-ray Disc Association (BDA) issued the first version of the Blu-ray Disc™ Recordable Format
Partl in October 2005, and Version 1.3 of the Blu-ray Disc™ Recordable Format Partl in April 2008,
which enabled the recording velocity up to 6x.

Td keep the compatibility of the removable medium in the market, just to make a standard ismg@t enough,
arld it is necessary to check that the disks and devices can satisfy the specifications. The-BDA|conducts
verification activities for the disks and devices and has established more than 10 testing ¢enters in
Adia, Europe and the USA.

Blli-ray™ disks, players, recorders and PC drives/software based on BDA standards becamp popular
all over the world. The BDA gave consumer applications the highest priority n the first few yeprs. But it
wais known, of course, that international standardization would be requited before many gopernment
entities and their contractors would be allowed to use Blu-ray Disc™¢In ‘February and Janupry 2011,
the BDA was formally requested to consider international standardization. The reason for tljis was to
erfable the inclusion of writable BDs, along with DVDs and CDs, in @an‘International Standard gpecifying
teft methods for the estimation of lifetime of optical storage media for long-term data sforage. In
Odtober 2011, the BDA responded that it had decided to pursiie international standardizati¢n for the
bdsic physical formats for the Recordable and Rewritable Blu-tay™ Format.

In|December 2011, the BDA sent project proposals forihternational standardization of fouy formats.
They are 120 mm single layer (25,0 Gbytes per disk).dnd dual layer (50,0 Gbytes per disk) BD R¢cordable
digks, 120 mm single layer (25,0 Gbytes per disk)“and dual layer (50,0 Gbytes per disk) BD Rewritable
digks, 120 mm triple layer (100,0 Gbytes pers;disk) and quadruple layer (128,0 Gbytes per|disk) BD
Rdcordable disks and a 120 mm triple layer (100,0 Gbytes per disk) BD Rewritable disk.

A few additional specifications are required in order to write and read video-recording applications,
such as the BDMV and BDAV formats{which have been specified by the BDA for use on BD rgcordable
digks. These specifications, which_are related to the BD application, the file systems or the content
prptection system, are required for the disk, the generating system and the receiving system1.

The International Organization for Standardization (ISO) and International Electrdtechnical
Cdmmission (IEC) draw.attention to the fact that it is claimed that compliance with this document may
inyolve the use of a patent.

ISP and [EC takemno-position concerning the evidence, validity and scope of this patent right.

The holder ofithis patent right has assured ISO and IEC that he/she is willing to negotiate licenges under
repsonabléand non-discriminatory terms and conditions with applicants throughout the wofld. In this
reppect;-the statement of the holder of this patent right is registered with ISO and IEC. Information may
bd obtained from the patent database available at www.iso.org/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

p

er disk) BD Recordable disk
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Scope

is document specifies mechanical, physical and optical characteristics of a 120 .mm r
tical disk with a capacity of 25,0 Gbytes or 50,0 Gbytes. It specifies the quality ‘af the recc
recorded signals, the format of the data and the recording method, thereby allowing for inf

versible method. This disk is identified as BD recordable disk.
is document specifies the following:
three related but different types of this disk;
the conditions for conformance;
the environments in which the disk is to be operatediand stored;

the mechanical and physical characteristics of the disk, so as to provide mechanical inf
between data processing systems;

the format of the information on the disk,iftcluding the physical disposition of the tracks an|
the error-correcting codes and the coding method used;

the characteristics of the signals.recorded on the disk, enabling data processing systen
data from the disk.

is document provides fop-interchange of disks between disk drives. Together with a sta
lume and file structure(itprovides for full data interchange between data processing syste
Normative references

e following‘deCuments are referred to in the text in such a way that some or all of thej

bcordable
rded and
ormation

rerchange by means of such disks. User data can be written once and read many times using a non-

erchange

d sectors;

s to read

hdard for
ms.

r content

copnstitutes-requirements of this document. For dated references, only the edition cited applies. For

urj

IS

datedreferences, the latest edition of the referenced document (including any amendmentg

D 9352, Plastics — Determination of resistance to wear by abrasive wheels

) applies.

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

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

IEC 60068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

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

[EC 60950-1, 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 and the
following apply.

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

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

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

;'3.1

in-groove

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

ac hlternating current MM MSK mark

ADIP hddress in pre-groove MSB most significant byte

APC hutomatic power control msb most significant bit

AU hddress unit MSK minimuin,shift keying

AUN hddress unit number MwW mengtone wobble

BCA burst-cutting area NA numerical aperture

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

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

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

dc direct current PAA physical ADIP address

DCZ drive calibratien zone PIC permanent information and control data
DDS disk-definition structure PLL phase-lock loop

DFL defect list PoA post-amble

DI disk information PP push-pull

DL dual layer pp peak-to-peak

DMA disk management area PrA pre-amble

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

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

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

FS frame sync Ry relative thickness

FWHM full width at half maximum RUB recording unit block

HF high frequency SER symbol error rate

Hipivt highrfrequenrcy modutated St singletayer

HMW  harmonic modulated wave S/N signal-to-noise ratio

HIPF high-pass filter SRM sequential recording mede

HTL high-to-low SRR sequential recordingrange

Intiws  normalized HFM-wobble signal SRRI sequential recording range informfation
amplitude

Indvs normalized wobble signal ampli- STW saw-tooth-wobble
tude

LAA last ADIP address (of data zone) Sync synchronization

LIC long-distance code TDDS temporary disk-definition structufe

LHF low-pass filter TDFL temporary defect list

LRA Last recorded address TDMA temporary disk management area

LB least significant byte TDMS temporary disk management struqture

Islp least significant bit TP track pitch

Lshp second harmonic distertion level TS transmission stack

Lehy1. second harmoniglevel Vet reference velocity

LN logical secter-number wbs wobbles

LTH low-to-high

5| Conformance

5.[1C-Optical disk

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

5.2 Generating system

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

5.3 Receiving system

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

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

6 Conventions and notations

6.1 Ley

Data is of]
For the cl

Frame:
Block:

Cluster:

Fragment:

6.2 Rej

A measul
specified

EXAMPLE

The 5

(nom

— Thes

— Thes

rels of grouping

ten collected into groups where these groups of data can be collected into higher level'grouj
hrity of the grouping hierarchy, in this document, the following levels of hierarchy@re used

the lowest level of grouping. Generally, frames contain bytes of information.
the second level of grouping. Generally, blocks consist of a numberofframes.
the highest level of grouping. Clusters consist of several blocks:

a level of grouping that can be applied by the application./A\certain amount of data is
located to a (fixed) number of consecutive clusters.

presentation of numbers

ed value, X ..cureq» May be rounded off to the léast significant digit of the correspondi
value, x, before being compared with this specified value.

S:

pecification is: x:1,26f8'8% :

inal value = 1,26 with a positive/tglerance of +0,01 and a negative tolerance of -0,02)
h measured value in the range\1,235 < X, ..cureq < 1,275 fulfills this specification.

pecification is: x < 0,3:

h measured value X572, ¢ e

[rounding off is applied for 0,30 < x

4 < 0,35 fulfills this specification

measured < 0'35: Xrounded = 0'3);

pecificationis: x < 0,3:

h measured value X .. ..req = 0,299 fulfills this specification

[no-rounding off needs to be applied);

I

S.

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

measured ~

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

violate th

e specified limits set by the exact value of x.

EXAMPLES:
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The specification 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 specification is minimum 3 dB:

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

| 1 £2 00 JdR 1 PR o ol R ados. b
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gl

Numbers in decimal notation are represented by the digits 0 to 9. The decimal symbol isS"/{c¢mma). In

large numbers, the

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

pa
01

N

significant bit shown to the left. The character x in binary numbers represents a digit 0 or 1.
Nggative values of numbers in binary notation are given as two’s<complement.

In[a pattern of n bits, bit by,_;y shall be the most significanb bit (msb) and bit b, shall be
significant bit (Isb). Bit b(,_, shall be recorded first.

A
T}

In
as

In

(15

In
ni

In
(15
A
A

k
st

¥ 0.. 7)<Ifthe step size is different from one, this is indicated as: i, (i + step) ..j (e.g. k=1,4 ..

“«wn

(space) can be used as digit grouping symbol.

rentheses or followed by lowercase “h”. The character x in hexadecimal numbers represents
o09orAtoF.

mbers in binary notation and bit patterns are represented by strings.oftdigits 0 and 1, with

uninterrupted sequences of m Os in a bit pattern can-be represented by [0™].
e setting of bits is denoted by ZERO and ONE.

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

a field of 8n bits, bit b(g,_;) shall be the most significant bit (msb) and bit b, the least sign
b). Bit bg,,_1) shall be recorded first.

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

a field of 4n bits, bit(by,,_;; shall be the most significant bit (msb) and bit b, the least sign
b). Bit b(4,_4) shalkbe recorded first.

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

ist of int€gers is indicated as i .. j. The list contains all numbers between i and j, including i

ep = 3.

A to F in

any digit

the most

the least

dentified

ficant bit

ntified as

ficant bit

and j (e.g.
16, where

s with an

A

O

£ + P FEpga | AnY AnY Tl o 1 +
I UulJ Ul lJCll dllITLTT S 15 IIvitdicu as 1 d1rdilrnr.. 1l 1 m-* I n* 1I11T 51 UulJ CUlItallls dirt l.]al dllITiT

index between m and n, including m and n (e.g. byte 16 .. 31, bit 7 .. 4, Add, .. Addss).

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

6.

3 Integer calculus

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

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

For example:
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div(+11, +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

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

For example:

floor(+3,7) = +3 floor(-3,7) = -4

7 Gen

The 120
nominal t

The recot
HTL man
reflectiorn

This docu

Type SL/
top of thi
character

Type DL
films. The
recording
layer, a tn
shall have

Type SL/
On top of
optical ch

To impro
coating.

Data can
low-pows

The reco

navigation system fosthe data to be written to the recording layer concerned.

Recordin
cover layz

eral description of disk

mm optical disk that is the subject of this document consists of a substrate of abeut“1,1 nf
hickness. Clamping is performed in the clamping zone.

ks have lower reflection than the unrecorded layer(s), recorded LTH (marks have high
than the unrecorded layer(s).

ment provides for three types of such disks.

HTL disk the substrate is covered with an HTL recording layer/consisting of several films.
5 recording layer, a transparent cover layer of 0,1 mm is applied with precisely defined opti
istics (see Figure 1). The capacity is 25,0 Gbytes.

HTL disk the substrate is covered with two HTL recerding layers, each consisting of seve
two recording layers are separated by a transparent spacer layer of about 0,025 mm. The fii
layer seen from the read-out side of the disk shallbe semi-transparent. On top of this recordji
ansparent cover layer of about 0,075 mm is applied. Both the spacer layer and the cover lay
precisely defined optical characteristics (see Figure 2). The capacity is 50,0 Gbytes.

[.TH disk the substrate is covered withan LTH recording layer, consisting of several fil
this recording layer, a transparent¢cover layer of 0,1 mm is applied with accurately defin
aracteristics (see Figure 3). The(capacity is 25,0 Gbytes.

r focused optical beam, using the difference in the reflectivity of the marks and the spaces.

rding layer(s),'contain wobbled groove(s) with addresses that enable a speed control a

b and read-out of the data is accomplished through the cover layer or through the total stack
b1, first recording layer and spacer layer, depending on which recording layer is involved.

m

ding layer of the disk may use high-to-low (HTL) or low-to-high (LTH) technelogy. Recordged

er

Dn
al

fal
st
ng
er

S.
d

e the scratch resistance, the\cover layer optionally can be protected with an additional hajrd

be written on the di§k)with a high-power focused optical beam. The data can be read with a

hd

of

For refer
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layer is called the transmission stack of that specific recording layer (see Figures 1, 2 and 3).
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Direction of
rotation

>

. . A
Transmission \

stack y Substrate HTL

Tecoring
layer
/ Cover layer

Entrance surface
for optical beam

(Protective coating)

Figure 1 — Outline of type SL/HTL disk

Direction of
rotation

HTL
recording
L layer LO
Transmission —¢
stack 0 S b trat
Transmission I ubstrate HTL

tack 1 : T
stac Spacer layer f§§2§ Llilg
/ Cover layer
Entrance surface

(Protective coating) for optical beam

Figure 2 — Outline of type DL/HTL disk

Direction of
rotation

>

Transmission 1
stack v Substrate LTH

recoring
/ Cover layer

layer
(Protective coating)

Entrance surface
for optical beam

Figure 3 — Outline of type SL/LTH disk

This document specifies four kinds of recording velocity: 1x, 2x, 4x, 6x.
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Figure 4 shows the recording velocity requirements for each disk type.

. Disk type parameters Recording velocity
Disk type Mark Push-pull Layer
polarity | polarity (see 26.1) | type 1x 2x 4x 6x
Type SL/HTL HTL On-groove SL M M
Type DL/HTL HTL On-groove? DL M M
Type SL/LTH LTH In-groove SI M M
M mandatory
O optional
aGropve geometry is on-groove for both layer L0 and layer L1 (see 15.2).

Figure 4 — Recording velocity requirements for disk type

Figure 5 ghows the recording velocity requirements for the disk (see 15.8.3.7).

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

4x disk M M M — M M — M M M —

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

M manhdatory
— notpllowed in this document.

=

Figure 5 — Recordingvelocity requirements for disk

8 General requirements
8.1 Enyironments

8.1.1 Test environment

8.1.1.1 |General

During nleasurements for testing conformance of a disk with this document, the disk shall be in the
test enviroriinent. The test environment is the environment where the air immediately surrounding the
disk shall have the following properties:

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

No condensation on the disk shall occur. Before testing, the disk shall be conditioned in this environment
for a sufficient time.
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8.1.1.2 Test conditions for sudden change in operating environment

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

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

b) Apply a sudden change in temperature, while keeping the absolute humidity at a constant level
bhout 104 o/m3): T=25°C R =450/ > T—-E5°C P — 1004 (see Figure 6)
AS 4 o/ J 4 H hd 4 H AN —o——J

8..2 Operating environment

A (disk in conformance with this document shall provide data interchange over the’specifi¢d ranges
of| environmental parameters in the operating environment. The operating, environmept is the
environment where the air immediately surrounding the disk shall have the following properties:

—|{ temperature, T: 5°Cto 55 °C;

—{ relative humidity, Ry: 3 % to 90 %;

—{ absolute humidity: 0,5 g/m3 to 30 g/m3;
—| atmospheric pressure: 60 kPa to 106 kPa.

There shall be no condensation of moisture on the disk«lf a disk has been exposed to conditioIS outside
thpse specified above, it shall be acclimatized in an operating environment for at least 2 h befgre use.
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Absolute air humidity, g/m3

01 05 1 10 30 100
100 T ] ] |
1 1|t \ \ \
| | \ \ \ \
i T 1 1
1|1 \ \
[ \
80 1 ‘
1] 1 \ \
[ Vo 1 \
| | | \
| | | i
1 |1 | |a)
60 1 1
s \ \ \
o\~ \ | \
2 \ (I \
= \ o \
£ \ o \ \
Z 40 1 | \ .
o) \
E \ \ \ \ {
ks \ Vo \ \
& 1 | S "5 Y
\ Vo \b) \\Q ‘\ \
\ v \ \
20 . —h N A N
ooy il )
\ \ \ \ N A
\ A S N A$ >
N S\ <] N ~
h N - \‘\E\\ _ ~ i RS N
0 e T - ==
-40 -20 0 20 40 60 80 100
Temperature, °C
Figure 6 — Operating environment
8.1.3 Storage environment
8.1.3.1 |General
The stordge environment is an environment where the air immediately surrounding the optical disk
shall have¢ the following properties:
— tentperature; F;

=16-€to55°C;
—  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.

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

Allter exposure to these environmental conditions, one should allow for some recoverytithe before
measuring [(24 or 48) h].

8.1.4 Transportation

8.1.4.1 General

Aq{ transportation occurs under a wide range of temperature and humidity variations, for| differing
pdriods, by many methods of transport and in all parts of the wotld, it is not possible o specify
mandatory conditions for transportation or for packaging.

8.1.4.2 Packaging

8.1.4.2.1 General

The form of packaging should be agreed between setider and recipient. In absence of such an agreement,
it |s the responsibility of the sender. It should take into account the following hazards.

8.1.4.2.2 Temperature and humidity

Inpulation and wrapping should be designed to maintain the conditions for storage over the ¢stimated
pdriod of transportation.

8.1.4.2.3 Impactloads andVvibrations

a)| Avoid mechanical leads’that would distort the shape of the disk.

b)[ Avoid dropping the disk.

c)| Disks shouldbe packed in a rigid box containing adequate shock-absorbent material.

d)| The fifal box should have a clean interior and a construction that provides sealing to prevent the
ingress of dirt and moisture.

8 annfy requirements

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

8.3 Flammability

The disk shall be made from materials that comply with the flammability class for HB materials, or
better, as specified in [EC 60950-1.
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9 Reference drive

9.1 General

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

characteristics specified in Clause 9.

9.2 Measurement conditions

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

9.3 Optical system

The basiq set-up of the optical system of the reference drive used for measuring specified write a
read pargdmeters is shown in Figure 7. Different components and locations of components are permitte

provided[that the performance remains the same as that of the set-up in Figure 7,

The opticpl system shall be aligned such that the focused optical beam is perpéndicular to the recordi

layer on which the beam is focused at the radius where the measurement is.to’be performed.

The optidal system shall be such that the detected light reflected from,the entrance surface of the di

is minimized so as not to affect the accuracy of the measurements.

11=Ia+1b

L=I+Ia |
I I
: /\ b la|Ib\Ic)la
—_— L I Quadrant
Tangential \\j | - | photodetector
track la Le i !
direction [
:A
|
|
|
——__ b2 R I I ! _ _
Laser Collimator Polarizing SA A/4 Objective
diode lens beam splitter corrector plate lens

HF read channel

Radial PP read channel

Disk

Figure 7 — Optical system of reference drive

A polarizing beam splitter and a quarter-wavelength plate shall be used to separate the entrance

light beam, coming from the laser diode and light beam reflected by the optical disk going toward the

photodetector. The light beam transmitted through the splitter shall have a p:s intensity ratio of at

least 100:1.

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

12
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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:

— \/\mvplpngfh ()) of the laser heam: (4-()'—'{ + '-';) nm;
—|{ polarization: circular;
— NA: 0,85 + 0,0T;

—{ light intensity at the rim of the pupil of the objective lens relative to the maximum 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
[10><lg —m }

Pdc
where

Pm
Py

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

C

— normalized detector size: S/M?% < 25 pm?

where S is the total surface
of the 4-quadrant ghotode-

tector;
— read powerdor-disk testing (average):
— SL disk: (0,35 +0,1) mW;
—DL disk: (0,70 £ 0,1) mW;
— “Gurite power and pulse shape: For write power, sde 29.4.2
for the detailed specifica-
tions.

The pulse shape shall follow
Annex F.

9.5 HF read channel

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

The radigl tracking error is generated as a signal [(I, + I},) - (I, + I)] related to the differencé in the
amount of light in the two halves of the exit pupil of the objective lens.

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

9.7 Digk clamping

While its| parameters are being measured, the disk shall be clamped between two concentric rings
covering most of the clamping zone (see 10.6). The top clamping aréea shall have the same inner aphd
outer diameters as the bottom clamping area (Figure 8).

Clampingshall occur between d;,, = (23,5 # 0,5) mm and d,,,; 5.(32,5 = 0,5) mm.
The total|clamping force shall be F; = 2,0 N+ 0,5 N.

In order to prevent warping of the disk under the momnient of force generated by the clamping force ahd
the chucKing force F,, which is exerted by the tapered cone on the rim of the centre hole of the disk, [F,
shall not ¢xceed 0,5 N (see Figure 8).

The top apgle, 0., of the tapered cone for centering of the disk shall be 40,0° + 0,5°.

» Y

Fl n : Fl

% 5 I -

=

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

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

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

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

@)

He
th

Th
fu
fr

Al

Another frequency of importance-is the frequency fy at which a sinusoidal displacement
corresponds to the fnaximum

an
ex
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Sig
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o) ) .
HN(iw):lx(_—Oj X—2 x(1+ 1nt J
3 |iw 1w iw
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3xa,
here
W =2mMxf;

wy =21 x fy;

Wine = 2m x fint;

K =order of integrator.

re, fy is the 0 dB crossover frequency of the open-loop transfer function. The crossover freq
e lead-lag network of the servo are given by:

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

e term (1+w,,;/iw) in Formula (1) represents.ah integrator function. Such an integrator or ¢
hction is used to further reduce low-frequeli¢y components, especially those due to deviat
pquencies equal to the rotational frequency of the disk or its harmonics.

50, fi,, 1S the crossover frequency ofthe integrator function.

plitude equal to the maximtiun allowed residual tracking error, e, ..,
pected acceleration, a,,,.(This frequency can be calculated with Formula (2):

1 am ax

fx

2T € max

cause the traeking error signals from the disk can have rather large variations, the track
rnal fed inteo each reference servo loop shall be adjusted to a fixed level (effectively calibt
fal loop_gain), which guarantees the specified bandwidth.

lencies of

quivalent
ions with

with an

(2)

ing error
ating the

10-Measurement velocities and reference servos for axial tracking

9.10.1 General

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

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

areference servo for 4x disks and for 6x disks at radii up to 36 mm to be measured at 2x mea
velocity (see 9.10.3);

surement

areference servo for 6x disks at radii 36 mm and higher to be measured at 3x measurement velocity

(see 9.10.3).
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The servo for all conditions has the same basic characteristics, however with a modified integrator.

9.10.2 Reference servo for axial tracking for 1x measurement velocity

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

Gain (dB)

100
97,0

80
77,0

54,6
52,9

40

20

i et e o et Tt i it

xO

1 10 36 ({\@ 1x103 10 x 103 100 x 103
. C) Frequency (Hz)

Figure 9 — Servo cha@ristic for axial tracking at 1x measurement velocity

by Formula (3), where . = 6,0 m/s? is the maximum expected axial acceleration due to lo¢al
disturbances, and « multiplied by a factor m = 1,25 for servo margin. The tracking error e
caused by this m x %, shall be 55 nm. Thus, the 0 dB crossover frequency shall be as follows:

/;»?\%x Oax _ 1 [3x1,25%x6,0 _ 32 3
e 27 55x10°

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

to (6)].

<

The crosgover frequency, fE%QN (f) (see 9.9), in kHz, used to define the limits of [1+H(f)| is specified

max’
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0,9 x |[1+Hy (f) < [1+H(f)| < 1,1 X [1+Hy (f)| 4)

In the frequency range 36 Hz to 100 Hz:
f 4,78

0.9 x [ty (1) £ () = 1 [ty () x 2 )

In JK
N
77,0 < [1+H(f)| < 97,0 (19"1/ ©)
Q’.

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

/ 6,0
2n en "o 55x10°

9.110.3 Reference servo for axial tracking for 2x measuremen

fi=

jloaty
Far the open-loop transfer function H(f) of the reference<é@vo
schematically by the shaded area in Figure 10: Q

Gain (dB) QO

\\<</ (7)

t‘\w{%uty and 3x measurement

for axial tracking, |1+H(f)||is shown

&
\\

1 10 66,5 200 1x103

10x103 100 x103
Frequency (Hz)

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

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

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

@,a¢ in M/s2, as per Formula (8):

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

max 3 max

For the maximum residual h‘qr‘king errorof 110 nm (cpp 114 4), this r‘nrw:cpnndc to an acceleration,

i 2 .
Qpax N MY/s?, as per Formula (9):

2 3\2
2 21tx3,2x10
o :Mxe :%X110X10-9 =14',8 9)

max 3 max

The integrator shall be second order (K = 2) with the crossover frequency of~f;, = 200 Hz [see
Formulad (10) to (12]].

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

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

5,36
f »
0,9 4 L+ Hy ()] < [L+H(] < 11 x [1Hy (f)] % [ 2 d
In the freguency range up to 66,5 Hz (in dB):
[1+H[f) = 77,0 )

9.11 Measurement velocities and refeérence servos for radial tracking

9.11.1 (General

The applicable reference servo/and conditions for measuring residual radial errors depend on the
followingmeasurement velocity of the disk under testing:

— aref¢rence servodor2x disks to be measured at 1x measurement velocity (see 9.11.2);

— arefdrence setvo'for 4x disks and for 6x disks at radii up to 36 mm to be measured at 2x measuremgnt
velodity (see9.11.3);

— arefdrence servo for 6x disks at radii 36 mm and higher to be measured at 3x measurement velocity
(see 9IT.3J.

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

9.11.2 Reference servo for radial tracking for 1x measurement velocity

For the open-loop transfer function H(f) of the reference servo for radial tracking, |1 + H(f)| is shown
schematically by the shaded area in Figure 11:
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Figure 11 — Servo characteristics for radjal'tracking at 1x measurement velocit

e crossover frequency f, of Hy (f) (see 9.9);i11 kHz, which is used to define the limits of

celeration due to local disturbances, and'w,,,, is multiplied by a factor m = 1,25 for servo m4
icking error, e caused by this m xa,, ., shall be 16 nm. Thus, the 0-dB crossover frequeng
follows:

_1 Ixmxa _1 /3x1,25x2,2 _
2\ ey 27t Y 16x107°

e integrator shall be(first order with crossover frequency of f;, = 100 Hz [see Formulae (14

max’

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

the fiequency range 36 Hz to 100 Hz:

specified by Formula (13), where a,,,,-5%2,2 m/s? is the worst-case maximum expected radial

In

0.9 iy (T < A < LAy (i < 7

the frequency range up to 36 Hz (in dB):
79,0 < [1+H(f) < 99,0

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

fi=

2,2
2n en "o V 16x107°
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9.11.3 Reference servo for radial tracking for 2x measurement velocity and 3x measurement
velocity

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

Gain (dB)

9
oG

{665 200
Q-
C)O

Figure 12 — Servo cha@éristics for radial tracking at 2x measurement velocity and 3x

1 10 1x103 10 x10% 100 x 103

Frequency (Hz)

measurement velocity

X
O%

The 0 dB

crossover

uency, fy shall be 3,6 kHz, the same as the measurement condition for the

1x

. For the maximum residual tracking error of 20 nm (see 11.5.4), this corresponds

measurement ve
to an accq lera% ;' ay 1N M/s2, as per Formula (18):

ﬁ"fa )2

a . =———xe

max 3 max

2
(2nx3.6x10°)

3

~_x20x1077 =3,4

(18)

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

Formulae (19) to (21]].

20
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In the frequency range 200 Hz to 10 kHz:

In

1

1

C
el
Th

/

0,9 X [1+Hy (f)| < [1+H(f)] < 1,1 x [1+H), (f)| (19)
In the frequency range 66,5 Hz to 200 Hz:
f 5,36
0,9 x [1+Hy (f)| < [1+H(f) < L1 x [1+Hy (fi,e )| % ( lfnt J (20)
the frequency Tange up to 66,5 Hz (B
[1+H(f)| 2 79,0 (21)
) Dimensional characteristics
.1 General
Dimensional characteristics are specified for those parameters deemed mandatory for interchange and
patible use of the disk. Where there is freedom of design, only:the functional characteristics of the
bments described are indicated. Figure 13 shows the dimensignal requirements in summarized form.
e different parts of the disk are described from the centrefole to the outside rim.
First transition area Second transitiomnrarea
Rim
Cl
Centre / ampin / Information area area
1 hole | |Zone 1 [
P> : <%
| | | | | : Lo
| body > .
' 1 ' | | | Lo
s o N
e | |
. UV d, ' ! o
O~ 1 dio | o
Il I d, I i

Figure 13 — Overview of disk dimensions

10.2 Disk reference planes and reference axis

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

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

read-out side of the disk.

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

© ISO/IEC 2021 - All rights reserved
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The reference axis A is the axis through the middle of the centre hole, perpendicular to the disk
reference plane P.

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

(see Figures 14 and 15).

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

22

Clamping zone

Detail of smooth transition
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|
i
i
i
i
i
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I Vi dg Information area Rimjarea
7y d;
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! : N R S R
! — AN Wy = 2 R
i d < .
i R S -
= + Q
i o < < = <
i ............. —_— /_ - . . — |
: ) 0 A 2= R
i 9 £ E
: P R d
! / 11
I //
[ Coverlayer
Detail jof the edge of | Entrance surface

centrelhole

Detail ofprotection ring

Figure 14 — Details of disk dimensions
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I Centre hole
é 1
i Ty Recording layer LO
i Ta Substrate
I 3 _ ]
_lv_ ..I_.l ...... — —_—— _ _ . U T —
/ IE' : Cover layer

I Turn table

Figure 15 — 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 13).

The diameter of the centre hole shall be d, :15,003%'(1)0 mm-*(see Figure 13).

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 15 the reference for centering the disk and shall be
rounded off or chamfered. The rounding radius shall be maximum r, = 0,1 mm. The height of the
chlamfer 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 14).

The maximum thickness of the djskis defined as the distance in the direction of the referfence axis
A [between the highest structure ‘protruding from the entrance surface of the disk and the highest
stfucture protruding from the top surface of the disk.

The maximum thickness of the disk, including the cover layer, protective coating and label printing at
any radius shall be e; 31540 mm (see Figure 14).

THe minimum thicknress of the disk in the information area shall be e; = 0,90 mm.

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

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

10.4 First transition area

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

10.5 Protection ring

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

Between d, and ds, the height of the protection ring shall sink gradually to the surrounding surface (see
Figure 14).

10.6 Clamping zone

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

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

The thickiness of the disk within the clamping zone shall be e, :1,20J_’8'(1)g mm (see Figure 149.

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

Within t

e clamping zone (dg < d < d;), both sides of the disk shall be parallel withifi maximum 0,1 m

10.7 Se¢ond transition area

The second transition area is an area between the clamping zone and thelinformation area: d; < d <

(see Figu

In the ar

e 13).

ba, the surface at the read-out side of the disk may be‘inside the disk reference plane P

maximuﬂ: hg = 0,12 mm. This surface may be outside the entrance surface in the information area

maximu

In the arg
h{1=0,2

The step
between
top surfa
surface ir
the step g

10.8 Inf]

10.8.1 G

The infor
and 16).

Oneachr

hip=0,01 mm (see Figure 14).

ea, the top surface of the disk may be outside the disk reference plane Q by maximy
mm.

from the top surface in the area to the top surface in the information area is hy¢. The distan
the start and the end diameters of the step is [;. If hy; > 0,2 mm, then the slope down to t
ce of the information area shall be;smooth and /; > 1,8 mm as indicated in Figure 14. If the t

pcording layer, the data zone shall be located between inner diameter, dy7;, and outer diamet
data zones on all recording layers shall have the same storage capacity.

the information area is stepped.down from the top surface in the second transition area, th
hall end within diameter dg 40,0 mm.
prmation area
eneral
mation area§hall extend from diameter dg = 42 mm to diameter d;q = 117 mm (see Figures [L3

mn.

by
by

ce
he
gy
en

The inner diameter, dp,;, on recording layer Ln shall be dDZIn :48,0%)‘2 mm, and the outer diameter,

dpzo Onr

ecording layer Ln shall be dp;,, < 116,2 mm.

The area between dq and dpyy; is called the inner zone, and the area between dj;4 and dy is called the

outer zon

The total

24

e (see Figure 16).

thickness of the disk in the information area is as specified in 10.3.
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Figure 16 — Division of information.area

10.8.2 Subdivision of information zone on SL disks

THe information area is used to record the information zone.

The information zone is subdivided into the following'main parts (see Figure 17):
—|{ alead-in zone (part of the inner zone);

—|{ adata zone;

— alead-out zone (outer zone).

Substrate
Recording Léad:in zone Data zone Lead-out zone
layer
Spiral direction
Cover layer
Inner side ‘Opticai Outer side
of disk beam of disk

Figure 17 — Subdivision of information zone on SL disk

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

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

10.8.3 Subdivision of information zone on DL disks
The information area is used to record the information zone, divided over the two recording layers.

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

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

— an outer zone 0;

On recording layer L1:

— an outer zone 1;

— adatp zone 1;
— alead-out zone (part of the inner zone 1).
On layer L0, the spiral groove shall run from the inner side of the disk towards the outer side’of the digk.

On layer 11, the spiral groove shall run from the outer side of the disk towards the inner’side of the digk.

Substrate

ecording \“
layer LO Lead-in zone Data zone 0 c%\ Outer zone 0
—_—
Spacer layer Spiral directioxn
di -
1 (;CeorrLllng Lead-out zone / \ Data zo&@ Outer zone 1
47
over layer Spiral‘direction
Inner side ‘Optical Outer side
of disk beam of disk

Figure 18 — Subdivision of information zone on DL disk
The lead-in zone starts in the area extending from diameter 44,0 mm to diameter 44,4 mm and shpll
end at th¢ beginning of the data zope\0"at diameter dyy.

The outey zone 0 shall start ag-the end of the data zone 0 at diameter dj;, and shall end at diamefer
minimunj 117 mm.

The outerf zone 1 shall start’at diameter ofminimum 117 mm and shall end at the beginning of data zope
1 at diampter dp;q;.

The lead-out zoneshall start at the end of the data zone 1 at diameter dp;;; and shall end in the arfea
extending fromydiameter 44,0 mm to diameter 44,4 mm.

10.9 Rilrarea

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

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

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

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

11 Mechanical characteristics

11.1 Mass

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

11
T}

1]
T}

1]

11
Y

|.2 Moment of inertia

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

.3 Dynamic imbalance

e dynamic imbalance of the disk shall be <2,5 g-mm.
.4 Axial run-out

4.1 General

hen measured by an optical system using the referenceservo for axial tracking and wit}

rofating at a scanning velocity of 4,917 m/s (for all capacities), the distance between each

lay
be

Y
di

Af
ac

S
to

11

T}
9.
45
re

ber and the disk reference plane R (see Figures 14 an@\l5) in the direction of the reference aj}
maximum h;, = 0,3 mm over the entire disk.

jthin one track (one revolution), the deviationof each recording layer from its average posit
Fection of the reference axis A shall be maxifium 0,1 mm.

celeration of about 4,6 m/s2, based oira sinusoidal deviation at the rotational frequency of t

D&F to the integrator function in’ the reference servo (see 9.10), this component is sy

ficiently such that the residual tracking errors, as defined in 11.4.2,11.4.3 and 11.4.4, are 1
local disturbances.

4.2 Residual axial\tracking error for 1x measurement velocity

e residual axiaktracking error of each recording layer for frequencies below 1,6 kHz (equ

nm (displacement of the objective lens needed to move the focal point of the optical bean
cordingJlayer) with the disk rotating at 1 x V.

Spikes.in the residual axial tracking error signal due to local defects, such as dust and scratc
b

excluded.

) the disk
recording
Kis A shall

ion in the

the inner side of the disk, rotating ‘at’a velocity of 4,917 m/s, this corresponds to a maximum

he disk.

ppressed
ainly due

s fy, see

10.2), measuted using the reference servo for axial tracking as specified in 9.10.2, shall be fnaximum

onto the

hes, shall

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

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

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

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

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

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

This meaps that, for frequencies <3,2 kHz, the maximum local acceleration of the recording layer'in the
direction|of the reference axis A does not exceed 10,8 m/s? (see 9.10.3). However, due to the additional
reductior] of low-frequency components by the second order integrator function, the’ maximym
acceleratjon at frequencies below about 400 Hz can reach values up to 45 m/s2.

The rms foise value of the residual error signal in the frequency band from 3,2 kHzto’20 kHz, measurged
with an iptegration time of 10 ms and using the reference servo for axial traeking, shall be maximym
32 nm. The measuring filter shall be a Butterworth BPF from f 5,5 = 3,2 kHz with slope = +60 dB/decade
to f 345 =20 kHz with slope = -60 dB/decade.

11.4.4 Tsidual axial tracking error for 3x measurement velocity.

The residpal axial tracking error of each recording layer for frequencies below 4,8 kHz, measured usipg
the refergnce servo for axial tracking as specified in 9.10.3, shall be as follows:

— maximum 80 nm (displacement of the objective lens‘teeded to move the focal point of the optigal
beanf onto the recording layer) with the disk rotatiig at 3 x V¢ or

— maximum 110 nm (displacement of the objective lens needed to move the focal point of the opti¢al
bean} onto the recording layer) with the diskTotating at 3 x V_ if the jitter performance at £10(%
powqr window meets the requirements.

Spikes in[the residual axial tracking errorsignal due to local defects, such as dust and scratches, shpll
be excluded. For 3x measurement velocity, local defects that cause large axial tracking errors shall pe
taken intp account as described in Annex I.

The meaduring filter shall be 4 Butterworth LPF with f 3,5 = 4,8 kHz and slope = -60 dB/decade.

This meaps that, for frequencies <4,8 kHz, the maximum local acceleration of the recording layer in the
direction|of the reference’axis A does not exceed 14,8 m/s? (see 9.10.3). However, due to the additional
reductior] of low-frequency components by the second order integrator function, the maximym
acceleratjon at fréquencies below about 400 Hz can reach values up to 45 m/s2.

with an iptegration time of 10 ms and using the reference servo for axial tracking, shall be maximym
32 nm. The measuring Iilter shall be a Butterworth BPF, from J ;45 = 4,8 KHz with slope = +60 dB/
decade, to f 345 = 30 kHz with slope = -60 dB/decade.

The rms Tloise value of the residual error signal in the frequency band from 4,8 kHz to 30 kHz, measured

11.5 Radial run-out

11.5.1 General
The run-out of the outer edge of the disk shall be maximum 0,3 mm pp.

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

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

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

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

for-both measurement and radial servo control purposes as indicated in Ficure 7

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

The residual radial tracking error for frequencies below 1,8 kHz (equals fy, see 9.11:2), measured using
the reference servo for radial tracking as specified in 9.11.2, shall be maximwn\9 nm with the disk

rotatingat 1 x V.
i

Spikes in the residual radial tracking error signal due to local defects, sucl’as dust and scratghes, shall
bd excluded.

THe measuring filter shall be a Butterworth LPF with f 3,5 = 1,8 kHz'and slope = -60 dB/decafle.

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

The rms noise value of the residual error signal in the frequency band from 1,8 kHz to 10 kHz, measured
with an integration time of 20 ms and using the refererice servo for radial tracking, shall be I’Iaximum
6,4 nm. The measuring filter shall be a Butterwerth BPF from f ;45 = 1,8 kHz with slope 3 +60 dB/
ddcade to f 345 = 10 kHz with slope = -60 dB/decade.

11.5.3 Residual radial tracking error for; 1x measurement velocity on DL disks

THe residual radial tracking error in.gach recording layer for frequencies below 1,8 kHz (equpls fy, see
9.11.2), measured using the referefice servo for radial tracking as specified in 9.11.2, shall be fnaximum
13 nm with the disk rotating at 1'x V...

Splikes in the residual radial.tracking error signal due to local defects, such as dust and scratdhes, shall
bg excluded.

THe measuring filter Shall be a Butterworth LPF, with f ;45 = 1,8 kHz and slope = -60 dB/de¢ade. This
means that, for frequencies <1,8 kHz, the maximum acceleration of the tracks in the radial|direction
ddes not exceed2y2 m/s?.

The rms ngise value of the residual error signal in the frequency band from 1,8 kHz to 10 kHz, measured
with an.integration time of 20 ms and using the reference servo for radial tracking, shall be Eaximum
9,2 nfn, ‘The measuring filter shall be a Butterworth BPF from f 3,5 = 1,8 kHz with slope § +60 dB/
ddcade to f ~.4r = 10 kHz with slope = -60 dB/decade.

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

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

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

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

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

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

The residpal radial tracking error in each recording layer at frequencies below 3,6 kHz, measured usi

the refer¢
rotating ¢

Spikes in
be exclud

The meas

This mea
not excee
by the se
can reach

bnce servo for radial tracking as specified in 9.11.3, shall be maximum 20 nm with.the di
t3 % Vier

the residual radial tracking error signal due to local defects, such as dust and’scratches, sh
ed.

uring filter shall be a Butterworth LPF with f_3,5 = 3,6 kHz and slopé 5-60 dB/decade.

hs that, for frequencies <3,6 kHz, the maximum local acceleratién in the radial direction dd
d 3,4 m/s? (see 9.11.3). However, due to the additional reduction-6f low-frequency componer
fond order integrator function, the maximum acceleration/atfrequencies below about 400
values up to 15 m/s2.

The rms oise value of the residual error signal in the frequenc¢y-band from 3,6 kHz to 30 kHz, measur

with an iJ
9,2 nm. T
decade to

11.6 Du

itegration time of 10 ms and using the reference séervo for radial tracking, shall be maximy
he measuring filter shall be a Butterworth BPFE'from f ;45 = 3,6 kHz with slope = +60 d
f-345 = 30 kHz with slope = -60 dB/decade.

rability of cover layer

11.6.1 Impactresistance of cover layer

To prever
the disk,
be tested

11.6.2 S

t excessive disk damage in€ase an object lens hits the entrance surface at the read-out side
the surface of the disk should have a minimum impact resistance. This impact resistance c
by the procedures described in Annex L.

cratch resistance-of cover layer

To prevent excessive ‘sCratching, the surface of the disk shall have a minimum hardness. The scrat

resistanc

e shall betésted by the procedure described in Annex C.

11.6.3 Repulsion of fingerprints by cover layer

ng
sk

es
ts
Hz

m
B/

of

To preve

L excessive contamination, the surrace or the disk snould repel grime as much as possible. 1

repulsion of grime shall be tested by the procedure described in Annex D.

12 Optical characteristics in information area

12.1 General

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

e

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

30
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If the layers making up the total TS have different refractive indices, then the procedure described in
Annex A shall be followed.

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

1,45<n<1,70 (22)
12-3-Fhickness-oftransmission-stacks{FS)

13.3.1 Thickness of transmission stack of SL disks

THe average thickness between radius r, and radius ry is called the referencg thickness of the

transmission stack (TS) on the disk. (see 10.2 and Figure 15).

THhe thickness of the TS, measured over the whole disk, shall fulfil the followiing two requirements:

a)[ The thickness of TS as determined by its refractive index shall bewithin the upper shad¢d area in
Figure 19 (in case of a refractive index of 1,6 the thickness shallbejbetween 95 um and 10p pm, and
the dashed line indicates the nominal thickness as a function 6f the refractive index);

b)| The maximum deviation AD of the thickness of the TS froth the reference thickness shall meet the
requirement |AD | £ 2,0 pm.

13.3.2 Thickness of transmission stacks of DL disks

The average thickness between radius r, and radius ry is called the reference thickness of the related

trgnsmission stack (TS0 or TS1) on the disk.

The thickness of TS0 and TS1, measured gver the whole disk, shall fulfil the following four requjirements:

a)| The thickness of TSO (all layers-an‘top of layer L0O) as determined by its refractive indek shall be
within the upper shaded area injFigure 19 (In case of a refractive index of 1,6 the thicknegs shall be
between 95 um and 105 wm; and the dashed line indicates the nominal thickness as a fynction of
the refractive index);

b)[ The thickness of TS1'(@ll layers on top of layer L1) as determined by its refractive indek shall be
within the lower,shaded area in Figure 19 (In case of a refractive index of 1,6 the thicknegs shall be
between 70 pm and 80 um, and the dashed line indicates the nominal thickness as a functlion of the
refractive index);

c)| The thickness of spacer layer shall be between 20 pm and 30 um;

d)| The.maximum deviation, AD, of the thicknesses of TSO and TS1 from their respective [reference
thicknesses shall meet the requirement |AD | < 2,0 pm.

© ISO/IEC 2021 - All rights reserved 31


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

ISO/IEC 30190:2021(E)

Y Se— 1Y

T —-—-{101,1
100 e === ——n === -—--4100,0

-

98,5 e w e m et T S T IO TTI] 382

96

94

\

~
O

~
~
\
o

(e —

=

- — —— —4

’

Thickness of the transmission stack (jum)

N NN
w S Ul

~
-

(o))
NeJ

1,40 1,45 1,50 1,55 1,60 1,65 1,70 1,75

Refractive index of the transmission stack

Figure 19 — Thickness of transmission stacks as function of reflective index

12.4 Reflectivity

12.4.1 Reflectivity'ofrecording layer of SL disks

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

— inunrecorded virgin groove: Rq., =12 % to 24 %;
— inrecorded groove:
— for HTL disks: Rgy =11 % to 24 %j;
— for LTH disks: Rgy =16 % to 35 %;
— ateachlocation on the disk:
— for HTL disks: 0,75 x Rg_V <Rgy < 1,25 x Rg_v;

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

sh

all have a higher reflectivity than the unrecorded layer for LTH disks.

12.4.2 Reflectivity of recording layers of DL disks

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

Y

17

TH
ad

Th
fo

Th
re
to
lay

in unrecorded virgin grooves: Ry, =4 % to 8 %;
in recorded grooves: Rgy = 3,5 % to 8 %;
at each location on the disk: 0,75 Ry, <Rgy<1,25x Ry,

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

.5 Birefringence

ditional information):

e in-plane birefringence of the transmission stacks shall be as per.Formula (23) (see Annex ] for

An,, <1,5<107* (23)
e perpendicular birefringence of the transmission stacks$ shall be as per Formula (24) (see Annex ]
 additional information):
An <1,2x1073 (24)
2.6 Angular deviation
e angular deviation is the angle, @y:-between a parallel incident beam, perpendicular tq the disk
ference plane P, and the reflected-beam. The incident beam shall have a diameter in the range 0,3 mm
1,0 mm. The angle, 8,, includes deflections of the entrance surface and lack of parallelism of|the cover
rer and/or spacer layer (see.Figure 20).
Cover layer
Substrate Recording layer
\ Read-out
surface
% Y Reflected beam
Ao
Incident beam
Figure 20 — Definition of angular deviation
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The angle, 6, shall fulfil the following requirements:

— in the radial direction:

— under the normal test conditions specified in 8.1.1: 10, max = 0,60°;

— under the “sudden change” test conditions specified in 8.1.1: 10,4 max = 0,70
— in the tangential direction:

— phder-thenormattesteonditions-speeifiedin 81+ st =636

13 Data format

13.1 General

The data|received from the source (application or host), called user data frames}.are formatted i} a

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

34
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User data User control data
32 sectors
32 frames 32 units
X 2 048 bytes X 18 bytes
v
Data frame
32 frames
X (2 048 bytes data)
+ 4 bytes EDC)
v
Scrambled data frame| - Phys. sector number
32 frames Addr. unit number
X 2 052 bytes 16 addresses x 9 bytes
v \ 4 ) 4
Data block Access block
304 columns 24 columng
216 rows 30 rows
v A
LDC block BIS block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity 32 rows parity
v v
LDC cluster BIS cluster
152 columns 3 columns
496 rows 496 rows
/ 7 7
v ¥ X ¥ X ¥ X
LDC BIS LDC BIS LDC BIS LDC 496 rows divided in
& 5 16 address units
38 col. \ col.l 38col. |1col| 38col. |1col| 38col of 31 rows each
ECC cluster
(155 columns )
O T T T T -7
Frame dc dc dc 496
sync Dzzéta contr Df ;a contr D: ;a contr] | recording
20 frames
Physical cluster
(1 932 channel bits
=1 288 data bits)

Figure 21 — Schematic representation of encoding process

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

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

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

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

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

— Firstthe 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.

of (62,30,33) Reed-Solomon (RS) code words. These BIS code words carry addresses for allocatipn
purppses and control information belonging to the user data. They can also be used to indicatedong
bursf errors, by means of which the LDC can efficiently perform erasure corrections.

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

All the data is arranged in an array as indicated in Figure 22. This array is read in the horizontal
direction| row after row, and recorded on the disk after insertion of additienal dc-control bils,
modulatipn, and insertion of synchronization patterns.

The errof correction codes are applied in the vertical direction, which gives’a good basic break-up|of
burst errgrs on the disk. Additionally, the LDC code words have been interleaved in a diagonal directign.

38 1 38 1 38 1 38
Bync bytes byte bytes byte bytes byte bytes
T | D Dj, B, Dig e Do B Dy e Di13 B, D14 Disy T
Digy .o Dygg B, Dgg rersmeens
Address| 31
unit 0 | rowg
L] S B\ S U I N Rl
data stream
496 -> | —= -> | — | > | —
rows d on disk
e b o e ] - - - - —C) ——————————— B I SR e T _—T—-
) . Address| 31
unit 14 | rows
I B I > S S U I N nal
T
Address| 31
unit 15 [ rowq
!l o f 't 1 [ 1 | .. Dyeagy | 4

—Figure 22— Schematic Tepresentation of phystcal chusterondisk

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

Logical sectors

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

13.2 Data frame

A flata 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 gd 45 to edl, o5; (see
Figure 23).
T ud, T
2048
user data :
bytes : 2052
l ud, 4, bytes
T ed; g4
4 ed; g4
EDC bytes ed; pap

The 4-byte field ed, (45 to ed, g54 shall contain an error detection code computed over the 2

of]
fir
m

E4

13.3 Error detection code (EDC)

Figure'23 — Data frame

user data. Considering the-data frame as a single-bit field, starting with the most significant
st user data byte (ud,) and’ending with the least significant bit of the last EDC byte (ed, 5}
b is by 415 and the Isbyis b,,.

ch bit b; of the EDC\S shown as Formula (25) for i =0 to 31:
0
EDC (x)= Zbixi =1(x)modG (x)
i=31
nere

48 bytes
bit of the
, then the

(25)

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

13.4 Scrambled data frame

Each data frame, consisting of 2 052 bytes of user data + EDC, shall be scrambled with the output of
the circuit defined in Figure 24, in which bits s, (msb) to s, (Isb) represent a scrambling byte at each
8-bit shift.
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The heart of the circuit is a linear feedback shift register (LFSR) based on the polynomial as per

Formula (26):

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

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

— ;5 shall be set to ONE;

S14 --9p shall be set to PSq .. PS¢ of the PSN (see Figure 24).

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

Physical sector number (PSN)

MSB LSB
P P P p P P p P P P
S S S S S S S S| IS[S 3
3 2 2 1 1 1 8 7| |54 0
1 4 3 9 6 )
YYVVVVVY
parallel T s l«— Shift clock
oad 113 1 SIS[S|S[S|S|S|S
s5l4] |2 7/6|5|4(3[2|1|0le
|r\ Jan 4R
ANZENY U

Figure 24 — Scrambler circuit

After loading the preset value, s, .. sy are taken out as scrambling byte S,. Then, an 8-bit shift is repeatped
2 051 timjes and the following 2 051 bytes are taken from s; .. s as the scrambling bytes S; to S; o5¢. The
2 052 bytes ud/ed, ef'the data frame become scrambled bytes d;, where d; = ud/ed;, @ S, for k = Ofto
2 051; (¢ stands foy'exclusive-or)

13.5 Datablock

In the next step, 32 scrambled data frames (F = 0 .. 31) are combined into one block of data (see
Figure 25).
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32 frames
« -
0 1 F 31
T d0,0 dO,l dO,F d0,31
dyg dy, dyp dy 3
2052 : : :
bytes
d; 0500 d; 0501 d; os0,r d; 050,31
l A | pa | A | A |
A 050510 00511 O 051LF 0505131

These data are rearranged into an array of 216 rows x 304 columns by dividing each scra
frgme into 9,5 columns as shown in Figure 26. This new array is called a data block. It shoul
thpt every even scrambled data frame ends halfway down a column, and every odd scra

Figure 25 — 32 scrambled data frames

frgme starts halfway down a column.

bled data
:ibe noted

led data

« 304 columns -
0 1 9 10 18 19 303
T Cl00 d2160 dl 944.0 d108&\) dl 836.1 d02 dl 836131
dig dy170 dj o450 1 digszg d;, dgadda;
\‘ . .
dZ 050.0 i
216 Cl2 051.0
rows 0.1
dl 1
d106 1
\ dyis0 dazy0 dig74 d3z3s dyosig | doiso d; 0s1f31

Figure 26.-— Composition of data block from 32 scrambled data frames

13.6 LDC bloek

The bytes‘iheach column of the data block are renumbered as shown in Figure 27 starting from the top

coIlumn number: 0 to 303).

ofleach'celumn as follows: ey ; e;; .. €;; .. to e,15;, in which L represents the code word num

per (= the

The LDC block is completed by extending each of the columns with 32 parity bytes according to a
(248,216,33) long-distance RS code. The parity bytes are numbered: py16 ; P217,, - Pj 1 - t0 P47,
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304 columns
« -
Code word | Code word Code word Code word | Code word
0 1 L 302 303
T T €0,0 €o,1 €o.L €0,302 €0,303
216 €10 €11 €11 €1,302 €1,303
rows €20 : : : :
with .
1{LDC data
codg word \ €215,0 €215,1 €215,L €215,302 €215,303
=|248 T P216,0 P216,1 P216,.L P216,302 p@osl'/
blytes 32 : : : : N
rows : : : : : : aQ
with c : : c c 0 b
parity : : : : : :Qg)
;g 1 P247,0 P247,1 : P247,1 : p,z«bboz P247,303

Figure 27 — Renumbering data bytes and forming LDC blockby adding parities

13.7 LDLC code words

The long{distance RS code is defined over the finite field GF(28)- The non-zero elements of the fin|te
field GF(Z8) are generated by a primitive element @, wheré@is a root of the primitive polynomial p(x)|as

per Formpla (27).
p(x) 4x8+xt+x3+x2+1 (A7)

The sympols of GF(28) are represented .bf bytes (groups of 8 bits), using the polynomial bgse
represenfation, with (a’, a®, a5, .., a2, a, 1)(asa basis. The root a is thus represented as a = 00000010.

Each LD( code word, represented bythe vector Ij. = (e . €, - €215 P216 L - P;1 - P2471), IS @ Reqdd-
Solomon [code over GF(28) having ‘32 parity bytes and 216 information bytes. S/ﬁch a code word chn
be repregented by a polynomial Ij{(x) of degree 247 (possibly having some coefficients equal to zerp),
where the highest degrees correspond to the information part of the vector (e ; .. etc.) and the lowg¢st
degrees dorrespond to theparity part of the vector (p,4 ; - etc.).

l4.(x) is a multiple of thé-generator polynomial g(x) of the LDC code word. The generator polynomial g(x)

is as per formula (28]:

31

g(x) :H(x—ai). (48)

=0

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

Hype Iy =0 (29)

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

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

13.8.1 General

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

13.8.2 Firstinterleaving step

In the fi interleaving with 152

columns and 496 rows.

E4ch new column is formed by multiplexing each even column from the LDC block with’the| next odd
column. The new column is filled by taking the first byte from the even LDC block column, theh the first
byjte from the odd LDC block column, next the second byte from the even LDC block ¢élumn, followed by
the second byte from the odd LDC block column, etc. as shown in Figure 28.

- 152 columns -
0 1 151
T €00 €02 : : €0302 T
€01 €03 : QV: €0303
432 €10 €12 : : €1302
rows €11 €13 N\ : €1303
with : : : :
data : : WY
€2150 €152 : : €215302
1 €2151 €215 : : €215303 496
T P2160 P2162 : : P216302 rows
DPaisa| . CP2i63 : : P216303
64 P2170 P2172 : : P217302
rows P21z1]. P2173 : : P217303
with : : : : :
parity NI
P22z P2472 : : P247302
;g .~ DPoazs P2473 : : P247303 d

Figure 28 — First step of interleaving

13.8.3 {Second interleaving step

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

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

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

13.9.1 General

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

13.9.2.1 General

F(Jr positioning the optical head onto the desired track, a fast addressing mechanism is implemented
by subdividing the 64K physical clusters into 16 address units. Each address unit contains a:L address,
which is placed in such a way into the BIS code words (see 13.11) that it can be accessed qujickly (see
Figure 30).

Edch address field consists of 9 bytes:

—{ 4 bytes for the address unit number (see Clause 17);

— 1 byte for flag bits;
—|{ 4 bytes for error correction.
“« 16.addresses -
0 1 : S : 15
T AF, AF, : AF ¢ : AF 5
Address-unit | AF; AF,, : : : AF, ;5
numbers : : : : : :
9 AF. AE3y : AF, ¢ : AF. .
bytes Flag bits AF,, AF, : AF, ¢ : AF, ;-
AFs AF5 : AF; ¢ : AF; ;5
Parities : : : : : :
\ ARy, AFg, : AFg ¢ : AFg .

Figure 30 — 16 address fields

13.9.2.2 Byte assignment for address fields

Al ¢ MSB of the address unit number;

Al ¢ 2nd SB of the address unit number;

A¥, ¢ 3rd SB of the address unit number;

AF3 ¢ LSB of the address unit number;

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

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

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

Formula (31).

xXB+xt+x3+x2+1 (31

p) =

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

Each address field code word, represented by the vector afc = (AF, < .. AF; ¢.. AF4 o), is a Reed-Solomon

code over
by a poly
highest d
correspol

afc(x) is
polynomi
g(x)
The addr
positions

address-f

HAFC

1d to the parity part of the vector (AFs s .. etc.).

h multiple of the generator polynomial g(x) of the address field code word. The genera

al is as per Formula (32):

3

:H(x—ai) (3

i=0

bss field code is systematic. The 5 information bytes appear unaltered in the highest-degn
of each code word. The parity check matrix H,p. of codé gfc is as per Formula (33) for
ield code words afc:

afcT=0 (3

GF(28) having 4 parity bytes and 5 information bytes. Such a code word can be represented
nomial afc(x) of degree 8 (possibly having some coefficients equal to zero), where the
pgrees correspond to the information part of the vector (AF ¢ .. etc.) and the lowest|dégrees

or

2)

ce
hll

3)

The secopd row, h,gc ,, of the parity check matrix, H,gp, corresponding to the zero a of the generator

polynomi

of the parjity check matrix Hy ¢ is given by Formula(34):

hapcAd= (@8 a’ .. a?, a, 1) (3
13.9.2.3 |Address unit numbers
The 16 adldress fields to be recorded in the BIS columns of the physical cluster each contain a 4-by
address ynit number (AUN).
The address unit numbe¥s)shall be derived from the physical sector numbers (PSN) as defined |i
Figure 31|,
The addfess unit“numbers increase by two for each successive address unit, for reasons

al g(x), defines the code word positions to b&used for error locations. This second row, h,

synchronjfizatiomswith the PSNs (see Clause 17).

The addr

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

2

4)

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:

- AU4_ .

.. AUg shall be a copy of PS5, .. PS; from the PSNs;

AUj shall count from 0 to 15 inside the physical cluster;

— AU shall be reserved.

44
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MSB LSB
P P P P P P Pl P[P
S S S S S S S| SIS S
3 2 2 1 1 8 7| |54
In cluster
count
/
I VYVYVYVYY I YYVYYVYVY YYVYVYVYVYVY Y VY l(
A AlAl |A A A A A Al |A A AlA
J e i 0 L]
8 7 4 1(0
1 7161 14 3 6 5
Address-unit number (AUN)
Figure 31 — Composition of AUNs from PSNs
13.9.2.4 Assignments for flag bits
Bit b, be bs b, b, b, b, by
Byte
AFys
AF,, Sag Saj Sapp Sa,, Rsv Rsv Rsv Rsv
AF, Sa, Sag Sas Sag, Rsv Rsv Rsv Rsv
AF,, Sa, Sag , Sa, o Sag Rsv Rsv Rsv Rsv
AF, 5 Sag, Sazy Sag, Say, Rsv Rsv Rsv Rsv
AF,, Sag, Sag Sag, Sag, Rsv Rsv Rsv Rsv
AF,s | Sajor\} Sa;; | Sagg | Sajgg Rsv Rsv Rsv Rsv
AF,¢ | Sawp+ | Sajz; | Sajpg | Saggg Rsv Rsv Rsv Rsv
AF,, K-Saj,; | Sa;s; | Sagyy | Sagsy Rsv Rsv Rsv Rsv
AF N Sajer | Saj;q | Sagee | Sagqp Rsv Rsv Rsv Rsv
AR5 | Sajg; | Sajgq | Sajgy | Sajqp Rsv Rsv Rsv Rsv
AF, 10 | Saye: | Sapiq | Sazee | Sapg Rsv Rsv Rsv Rsv
AF, 11 | Say g | Sapysy | Sayy | Sassg Rsv Rsv Rsv Rsv
AF, 1, | Sayy; | Sapsy | Sapy, | Sagsy Rsv Rsv Rsv Rsv
AF,15 | Saz1 | 8271 | SAzeo | Sdz70 | KV Rsv Rsv Rsv
AF, 1, | Sayg; | Saye; | Saygy | Saygy Rsv Rsv Rsv Rsv
AF, 15 | Sazg; | Sasyy | Saggg | Saggy Rsv Rsv Rsv Rsv
Rsv: Reserved unless otherwise specified by the BDAP.

Figure 32 — Flag bits from 16 address fields

ZERO

Status bits Sa,; (0 <i <31, 0 <j < 1): Because each cluster contains 32 data frames and there are only 16
address units, each such address unit shall hold the flag bits for 2 data frames (see Figure 32).
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Bit b; and bit bs of successive flag bytes AF, ¢ are defined as status bits Sa,¢, and Sa,g, respectively,
for data frame 25.

Bitbg and bitb, of successive flag bytes AF, gare defined as status bits Sa,,; ; and Sa,,, o, respectively,
for data frame 25+1.

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

13.9.2.5 Usage of status bits Sa,;

Each painofstatusbitsSa;7/Sa5 s usedtoimdicate thestatus of amrindividuatdataframretmachuster.
The folloying settings are defined:

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

11: the data frame contains padding data inserted by the drive to camplete clustdrs
before recording them onto the disk;

other settings: reserved unless otherwise specified by the BDAP

In the usgr data area, the status bits Sa; ;/Sa; ; shall be set to 11 in data frarhes that have been inserted
by the dr{ve to complete clusters before recording them onto the disk (padding).

In other dases, where the data for data frame i is supplied by the haost,the status bits Sa; ;/Sa; , shall pe
set to 00.

13.9.3 User control data

For accesping the user data, special control data can be added to each user data frame. These additional
bytes car] carry BDAP-dependent information. A user;data frame accompanied by its user control ddta
unit is called a sector. Each user control data unit censists of 18 bytes (see Figure 33).

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

Figure 33 — 32 user control data units

13.9.4 Byte/bitassignmrent foruser controtdata

The user control data bytes are BDAP dependent. If this setting is not specified by the BDAP, these bytes
shall be set to 00h.
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Figure 34 — Composition of access block
(from 16 address fields and 32 user control data units)
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13.10 Access block

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

Because of the need for a fast access of the address fields, the data for these address fields is mapped in

a special

pre-interleaved way.

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

The thre
direction

ogroups of bytes of each of the addresses 0 to 7 are placed in the access block in a diagonal

in the first, third and fifth row, starting with address 0 and each successive address shifted
cyclically|three positions to the left (see Figure 34).

The thre¢ groups of bytes of each of the addresses 8 to 15 are placed in a diagonal direCtion in the

second, f

three poditions to the left.

Within e3
1 byte po

Within edch group of bytes in the fifth and sixth rows, the bytes are shiftedcyclically to the left over

byte posi

Mathema
Formula

Byte AF, | shall be allocated in:

rowr

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

The user
fills 34 of

13.11 B
The byte

top of eag

column n

The BIS |

(62,30,33

urth and sixth row, starting with address 8 and each successive address shifted cyclica

Kition.

Fions.

fically, this mapping of the address bytes into the ac€ess block can be represented

[35):

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

control data unit is placed in the celimn direction, whereby each user control data unit oy
h column (4 user control data units in 3 full columns, see Figure 34).

IS block

in each column of an access block are renumbered as shown in Figure 35 starting from t
h column as follows¥b by (.. b; ;.. to byg (, where C represents the code word number (= t
imber: 0 to 23):

block is completed by extending each of the columns with 32 parity bytes according td
RS codg, The parity bytes are numbered: pbs, - pbsy .. pbj .. to pbg; ¢

ly

ch group of bytes in the third and fourth rows, the bytes are shifted cyelieally to the left over

—

y

he
he
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13

Th
ar

« 24 columns -
Code word [ Code word Code word Code word | Code word
0 1 C 22 23
T T b o bo 1 by by 53
bl,O bl,l bl,C b1,23
30 : : : :
information by :
1 BIS hy‘rpc : :
code word l byg o b,y by by 23
QV
= 62 bytes T pbsg, pbsg pbs ¢ : ([/ pbio 23
32 : : : : QQ
parity bytes Q.'\
g . = . ‘b g
! ! Pbs1o Pbgs 1 Pbe1c (/C) : Pby; 23

$.12 BIS code words

e generated by a primitive element a, where « is a root of the primitive polynomial p

Fdrmula (36).

TH
re

E4

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

e symbols of GF(28) are represented by bytes (groups of 8 bits), using the polyno
presentation, with (a7, a®, @3, .., a?;d@,1) as a basis. The root « is thus represented as a = 000

S

represented by a polynomial bis(x) of degree 61 (possibly having some coefficients equal to zer
the highest degrees correspond to the information part of the vector (b .. etc.) and the lowes

C

bi
is

ch BIS code word, represented by the vector bis = (bg ;.. b; ¢ .. byg ¢ Pb3g ¢ - PDj ¢ - Pbg1 ),
lomon code over GF(28) hawing 32 parity bytes and 30 information bytes. Such a code wo

respond to the paritypart of the vector (pbs (.. etc.).

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

e BIS RS code is defined over the finite field GF(28), The non-zero elements of the finite fig

1d GF(28)
X) as per

(36)

ial base
0010.

s a Reed-
Ird can be
0), where
tdegrees

(x) is a multiple.ofthe generator polynomial g(x) of the BIS code word. The generator polyn¢mial g(x)

s per Formylay(37):

31 '
9= J(x-')
i=0

(37)

Tl

nc i - - P +1 20 . C P 1 - 1 A ISR | h I | PR |
C DIo COUT IS S ySLCIIAUL. LT OU TITUTHIALIUIT Uy LS dpPpPTdl UlldILCI TU I UIT IISHCSTUCEI TT P

sitions of

each code word. The parity check matrix Hg;g of code bis is as per Formula (38) for all BIS code words bis:

Hps % bisT=0

(38)

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

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

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

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

e=0to 2 (see Figure 36).

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

examplesin-Higure 37 and Higure 38}

— eachrow of a BIS block is split into 8 groups of 3 bytes. These 3-byte groups are each placed.itv one
row ¢f the BIS cluster;

— the even rows of a BIS block are mapped into units 0 to 7 and the odd rows of the\BIS block are
mapped into units 8 to 15;

— the 3fbyte groups from an even row of the BIS block are placed each in the same-row of units 0 td 7,
whereby the units are used in reverse order (according to their numbering), The first 3-byte grojp
of ea¢h successive row of the BIS block shall be placed in a unit with a pumber which is one higher
than fhe start unit used for the previous row:

— 1ow N = 0 of the BIS block is placed on rows r = 0 of units: 0, 2.6, 5, .., 2, 1;
— 1ow N = 2 of the BIS block is placed on rows r = 1 of units:\1, 0, 7, 6, .., 3, 2;
— 1ow N =4 of the BIS block is placed on rows r = 2 of units: 2, 1,0, 7, .., 4, 3.

— this process is repeated cyclically until row N = 60; which is placed on rows r = 30 of units: 6}5,
4 3,.,0,7;

— now, within each unit, each row ris shifted cyelically to the right by mod(r, 3) positions: so row r 0
is not shifted, row r = 1 is shifted 1, row r = 2'1s shifted 2, row r = 3 is not shifted, row r = 4 is shifted
1, etd;

— 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
T T B, B, B, T T
31 :
oYl _Be_ . By, _____] Boo _|___L___
T 93 Bg, Bos
31 :
S N R S S S R
S N R Vu__
T T
496 | 16
rows 31 e lr units
rows | «—
S S N R
e R EED G bl EEEEEEE
31
i 4 B 47 i

Figure 36,— BIS cluster

Mathematically, the mapping of the bytes)from a BIS block into a BIS cluster can be represented by
Fdrmulae (40) to (42):

Byte by, - or pby, . (see Figure 35) i§ placed as follows:

— in unit:

u = mod{[div(N,2) + 8 =div(C,3)],8} + 8 x mod(N,2) (40)
— onrow:

r=div(N,2] (41)
— in cecelumn:

= mod{[C + div(N,2)],3} (42)

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

m=@ux31+r)x3+e (43)
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Byte number N,C from BIS | Shift right | Filling in upward direction
block (=mod(r,3))
Column e
Unitu Rowr 0 1 2
0 0 0,0 0,1 0,2 0 Start of block row N =0
1 2,5 2,3 2,4 1 T Continuation of block row N =2
2 4,7 4,8 4,6 2
3 6,9 6,10 6,11 0
7 14,23 14,21 14,22 1
8 16,1 16,2 16,0 2 Start of block row N =16
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 End of block row N = 0~
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 « N7
1 2,23 2,21 2,22 1 End of Block row N = 2
2 4,1 4,2 4,0 2 Startef block row N = 4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 0,17 0
1 2,20 2,18 2,19 1
2 4,22 4,23 4,21 2
3 6,0 6,1 6,2 0 Start of blockrow N =6
4 0 0,12 0,13 0,14 0
1 2,17 2,15 2,16 1
2
5 0 0,9 0,105 0,11 0
1 2,14 2,12 2,13 1
2
6 0 0,675 07 0,8 0
1 2,411 2,9 2,10 1
2 4,13 4,14 4,12 2
7 0 0,3 0,4 0,5 0 T Continuation of block row N =0
1 2,8 2,6 2,7 1 T Continuation of blockrow N = 2
2 410 411 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 block row N = 60

Figure 37 — Example of mapping (partial) of BIS bytes into first 8 units
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Byte number N, C from BIS Shift right | Filling in upward direction
block (= mod(r,3))
Column e
Unitu Rowr 0 1 2
8 0 1,0 1,1 1,2 0 Start of block row N = 1
1 3,5 3,3 34 1
2 5,7 5,8 5,6 2
3 7,9 7,10 7,11 0
8 17,1 17,2 17,0 2 Start of block row N = 17
30 61,18 61,19 61,20
9 0 1,21 1,22 1,23 End of block row-N = 1
10 0 1,18 1,19 1,20 ~ 2
11 0 1,15 1,16 1,17 A
12 0 1,12 1,13 1,14 S
13 0 1,9 1,10 1,11 O
14 0 1,6 1,7 18 RN
15 0 1,3 1,4 1,5 R 0 T Continuation of block row N = 1
1 3,8 3,6 3,7 1
2 5,10 511 5,9 2
7 15,2 15,0 15,1 1 Start of block row N =15
30 61,21 61,22 61,23 0 End of block row N =61

Figure 38 — Example of mapping (partial) of BIS bytes into last 8 units

The following are sofme conclusions.
— 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 3 rows of each address unit (see Figure 39).

1" 1A L OO 1 'y
AT LUGU CUITUSICI

After constructing the LDC cluster and the BIS cluster, the LDC cluster is split into four groups of
38 columns each. In between these four groups, the 3 columns from the BIS cluster are inserted one by
one. After multiplexing the BIS cluster with the LDC cluster, the ECC cluster of Figure 39 is reached.
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LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns |[column| columns |column| columns |column| columns
«— > «— > — > «— > — > «— > — >

AF;, AF,, AF;

AF, AF; AFg Address

uc,, : : unit 0

"""""" ARy, |7 AR, | AR, | T AT
496 AF3, AF, AFs
rows AF¢ AF,, AFg, Address
uc,, : : unit 1
\
Figure 39 — ECC cluster after multiplexing©ofBIS cluster with LDC cluster

13.15 Rpcording frames
Each row] of the ECC cluster is transformed inte a recording frame by adding locations for frame syjnc
bits and fpr dc-control bits.
For this gurpose, a stream of 1 240 databits which is formed by the 155 bytes of each row of the ELC
cluster is|divided into one group of 25 data bits and 27 groups of 45 data bits (see Figure 40) with the
most sigrfificant bits of the bytesthandled first.
The first group of 25 data bitsis’extended with 20 data-bit positions for the insertion of the frame sync,
which is g special sequence-of 30 modulation/channel bits.
Next, each group of 45data bits is completed with one additional bit position to form a dc-control blo¢k.

54
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155 bytes

A
\/

38 1 38 1 38 1 38
bytes | byte] bytes | byte] bytes [ byte] bytes

U

< 1 240 bits >
25 45 5 1 45 45
bits bits bits bits bits
Frame Data dc Data dc Data dc
sync ! control control control
20 '+ 25 1 45 1 | 45 1

P dc-controlblock#g _ dc-controlblock#{ ‘dc-controlblock#2.£6‘ dc-controlbloc<#2]

46 bits 46 bits 25X 46 bits 46 bits
1 288 bits

»
'

A

Figure 40 — Composition of recording frame

13.16 Physical cluster

The 496 rows from an ECC cluster, transformed jnto recording frames, are called a physical cluster.
13.17 17PP modulation for recordable data

13.17.1General

Alll the bits of recording frames except the frame sync are converted to modulation bits acdording to
the 17PP modulation code. /Fhis is an RLL(1,7) code with run lengths 22T and <8T and sonpe special
properties. PP means: panity-preserve/prohibit RMTR as follows:

—|{ Parity preserve~)if the number of ONEs in the data-bit stream is even, then also the fumber of
ONEs in the modulation-bit stream is even;

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

This property makes it easy to control the low-frequency content of thgrecorded
signal efficiently (see 13.17.3).

—  Prohibit RMTR:  the number ol consecutive minimum run lengths (ZTJ 1s limited to 6.
Because of the low signal levels on minimum run lengths, this improves the
read-out performance.

13.17.2Bit conversion rules

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

A ONE in the tables represents a transition in the recorded signal. The modulation-bit stream is
converted to an NRZI channel bit stream (see 13.18), and subsequently recorded onto the disk.
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Data bits Modulation bits
00 00 00 00 010 100 100 100
00 00 10 00 000 100 100 100
00 00 00 010 100 000
00 0001 010 100 100
0000 10 000 100 000
000011 000 100 100
0001 000 100
0010 010000
0011 010 100
01 010
10 001
11 000 If preceding modulation bits = xx1
101 If preceding modulation bits,Zxx0
Data bit pattern Substituting
to be substituted modulation bits Condition for substitution
110111 001 000 000 If next modulation bits = 010
Terminating Terminating
data bits modulation bits
00 00 010 100
00 000
Figure 41 — 17PP modulation code conversion table
13.17.3dc-control procedure
Because 3§ ONE in the modulation;bit'stream means a transition in the recorded signal, the polarity
of this signal can be inverted if(amodd number of ONEs is added to the modulation-bit stream i a

controlledl way. Because of the parity preserve property of the 17PP modulation code, this is possible just
by inserting additional bits ifite the data-bit stream and setting these to ONE if an inversion is needed

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

13.17.4Frame.sync

The physjcatclusters consist of 16 address units, where each address unit contains 31 recording frames
(see Figure ZZand Figure 40]J.

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

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

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

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

Be
id
fr

prj

T}
T}

Sync number 24-bit sync body 6-bit sync ID
FSO #01 010 000 000 010 000 000 010 000 001
FS1 #01 010 000 000 010 000 000 010 010010
FS2 #01 010 000 000 010 000 000 010 101 000
FS3 #01 010 000 000 010 000 000 010 100 001
FS4 #01 010 000 000 010 000 000 010 000 100
FS5 #01 010 000 000 010 000 000 010 001 001
FS6 #01 010 000 000 010 000 000 010 010 000

Figure 42 — 30-bit frame sync codes

cause seven different frame syncs are insufficient to identify 31 recording frames, each
bntified by the combination of its own frame sync and the frame synclof)one of the preceding
imes. The mapping of these combinations can be made such that, @ven with missing framg
2 or 3 preceding frames, a recording frame can still be identified by its own frame sync anld the last
esent frame sync (see Figure 43).

frame is
recording
P SYNCS in

Rec. frame n-4 | Rec.framen-3 | Rec.frame n=2<| Rec.framen-1 | Rec.framen

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

e other frame syncs areimapped as specified in Figure 44.

Figure 43:== Identification of recording frames

e first recording frame of €ach address unit has a unique frame sync: FSO.
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Frame number [ Framesync | Frame number | Frame sync
0 FSO
1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FS6
7 FST 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 ES2

Figure 44 — Mapping of frame sync codes on recording frames

13.18 Modulation and NRZI conversion

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

D3ta Modulation Ex-OR NRZI converted

bits bits channel bits
» Modulator > NRZ ) :q_\
conversion

»
>

1T
T =1 channel clock period delay

Example of data bit pattern: 0 1 01 10 01

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

NRZ converted signal: |_|

NRZI converted signal:

Figure 45 — Modulation and NRZI conversion

14 Physical data allocating and linking

14.1 General

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

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

14.2 Recording unit block (RUB)

14
E4

49
w

Eq

.2.1 General

bbble periods).

Run-in Physical cluster

Run-out

Guard_3

« 40 wbs —| <496 x 28 wbs —

« 16 wbs —

< 8wbs —»

ch RUB consists of a data run-in of 2 760 cbs (nominally 40 wobble periods), a physical
6 x 1 932 cbs (nominally 496 x 28 wobble periods) and a data run-out of 1 104:cbs (nominally 16

Figure 46 — Layout of single written recording unit block

ch single written RUB or each continuously writtenisequence of RUBs shall be termin

cluster of

hted by a

Gyard_3 field, ensuring that no gaps (unrecorded areas)-€ver occurs between any 2 RUBs.
Such a Guard_3 field shall consist of 540 cbs (nominally ~ 8 wobble periods).
Run-in Physical cluster [ Run-out Run-in-~ | Physical cluster Physical cluster | Run-out | [Guard_3
X
40 wbs — [« 496 x 28 wbs — [« 16 wbs.—><3HO wbs —| <496 x 28 wbhs— <496 x 28 wbs— [« 16 wbs — |« 8 wbs—
N

14

14
T}

.2.2 Data run-in

.2.2.1 General

Guard_1:

e data rdnyin consists of the following parts:

1 100 channel bits;

Figure 47 — Layouit.of continuously written sequence of recording unit blocks

PrA (pre-amble):

1 660 channel bits.

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

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

© ISO/IEC 2021 - All rights reserved

59


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

ISO/IEC

30190:2021(E)

Guard_1 PrA

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

Figure 48 — Layout of data run-in

14.2.2.2
The Guar
The conte

These pat
electroni

14.2.2.3
The first

an autonjatic power control procedure. The modulation-bit patfern to be used for such an A

procedur
repeated

14.2.2.4
The PrA f

The conte

Content of Guard_1 fields
d_1 field has a length of 1 100 channel bits.
nt represented in modulation bits is 55 times repeated 01[02]1[02]10101[04]1{63}.

terns result in a repeated 3T/3T/2T/2T/5T/5T sequence, which is well-sdited to re-settle t
[ circuits.

Automatic power control (APC)
b wobbles of the Guard_1 field at the start of a recording sequerice can be used for performi

e can be chosen freely by the recorder manufacturer and is allowed to be different from t
pattern as defined in 14.2.2.2.

Content of PrA fields
jeld has a length of 1 660 channel bits.

nt of the PrA field shall be as shown in‘Figure 49:

ng
PC
he

77
01[02]1

imes repeated 2 times repeated
02]10101[04]1[0%] | Sync_1 $.01[02]1[0%2]10101[0%]1[03] | Sync_2 | 01[0%]1[0%2]10101[0%]1[03]

In generd
sync afte

This mea

-1 540 cbs——— <30 chbs— «—40 cbs—— <30 cbs—> 20 cbs

Figure 49 — Layout of PrA field

" the RrA'is FS(N)(N = 0..6, see 13.17.4).
hsthat Sync_1 shall be FS4 and Sync_2 shall be FS6 (the first frame sync after the PrA is FS

| Sync_1:shall be FS{mod[(N+4),7]} and Sync_2 shall be FS{mod[(N+6),7]} if the first frame

).

The first

bit of each of Sync_1, Sync_2 and the first frame sync after the PrA is allowed to be used for

control (# = ZERO or ONE, see Figure 42).

14.2.3 Data run-out

14.2.3.1

General

The data run-out consists of the following parts:

— PoA

(post-amble): 564 channel bits;

—  Guard_2: 540 channel bits.

60
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The PoA field is meant as a run-out for signal processing.

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

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

Figure 50 — Layout of data run-out

14.2.3.2 Content of PoA fields
The PoA field has a length of 564 channel bits.

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

24-times repeated
Sync_3 01[08]1[08]1[08]1[08]1[08]1[07] 01[6*]1[0%]10101[04]1[03]

< 30cbs—> | «—54cbs 480 cbs

Figure 51 — Layout of PoA field

In|general, Sync_3 shall be chosen such that if\corresponds to a frame number n+1 if the user dgta before
the PoA ends with frame number n (see 13.17.4).

ThHis means that Sync_3 shall be FSO;
The first bit of the Sync_3 patterns shall be used as defined in 13.17.4.

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

14.2.3.3 Content of/Guard_2 fields
The Guard_2 fieldhds a length of 540 channel bits.

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

14.2.4 \Guard_3 field

14.2.4.T General

Guard_3

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

Figure 52 — Layout of Guard_3 field

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

14.2.4.2 Automatic power control (APC)

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

14.2.4.3 |Linking requirements

The Guaid_1 and Guard_3 fields shall be used for linking separately written recording unit’block
sequencep. The Guard_3 area of the previous recording unit block sequence shall be overwritten py
the Guard_1 field of the actual written recording unit block sequence. The SER requirenment for linked
sequencef is specified in 34.1.

Alinkinglexample of 3 separately written single recording unit blocks is given in&igdre 53.

Run-in Run-out
« - « -
Run-in Run-out c1 | pra Physical poal 62 | g3
— - — - cluster
Run-in Run-out Physical
- N - | G1 | PrA cluster PoA| G2 | G3
o1 |pfa| PRSI lpoal 62 | 63 T
cluster Link
T G1 = Guard_1 field
Link G2 = Guard_2 field

G3 = Guard_3 field

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

14.3 Log¢ating data relative to wobble addresses

are the ldcations of the middle of-the wobble in NWL 25 in the reference unit between the Sync_3 unit

The nom{lal start positions for recordings (and single RUB) as continuous sequences of several RUBs,
and the first Data_x unit of the ADIP words with a PAA of which bits AA1,AA0 = 00 (see 15.7).

The accufacy for determitiing the start positions shall be better than +34 cbs.

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

15 Tracdk forimat

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

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

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

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

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

Thegroove tracks 1T thie BCA ZoTe shath be straigit groove(s) (withiout any modutation) hetween a
rafius of 21 mm and the point where the encoding of the HFM groove in the embossed HEM atea starts
or layer LO or the wobbled groove ends on layer L1 (see Clause 18).

Inner zone n L Datazoneé n
| BCA Embossed HFM area Recordablearea
“«— »|« > | <
LayerLO I ——» g _—
y s g S p i gy B gy H iy F U7 e 7 7 Uy, U7 e e NI/
ry S‘Icralght groove HFM Groove Wobbled groove Tracking
/ >i r N
S : 2 direction
// | r3
Straight groove Wobbled groove Tracking
dpz1 direction
s - -
Connection Connection
area area

Figure 54 — Connection areas between different groove types

In[the embossed HFM area on layer L0 (see Clause 16), the tracks are formed by a single spiral groove
coptinuing uninterruptedly from the.end of the straight groove in the BCA zone.

These groove tracks in the embossed HFM area move with a rather high frequency deviatfon in the
rafial direction around theirheminal centrelines, thereby providing a high bit rate/high capacity data
chlannel for the storage of replicated information (HFM groove).

The shape of each track.is determined by the requirements in Clause 26.

In|the recordable-areas (see Clause 16) the tracks are formed by a single spiral groove, starfing from
the end of the€€mbossed HFM area on layer LO or ending at the beginning of the straight-grpove area
or] layer L1, The groove in the recordable areas move with a mainly monotone sinusoidal defiation in
the radial\direction around their nominal centrelines [wobbled groove(s)]. The sinusoidal dgviation is
mpdulated by replacing some cycles at certain locations by different patterns.

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

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

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

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

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

Land Land
/_4 / ro(ﬁ Substrate / /_<G rocﬁ_k Substrate
Transmission stack / \ Transmission stack \
Read-out Read-out
beam beam
“On-grooverecording” “In-grooverecotding”

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

15.3 Track path

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

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

On an SL disk, the tracks shall start at the beginning'of the inner zone, terminate at the end of the oufer
zone and [pe continuous in the information zone*(see Figure 17).

On a DL disk, the tracks on layer LO shall start at the beginning of the inner zone, terminate at the epd
of the oufler zone 0 and be continuous in the information zone. On layer L1, the tracks shall start at the
beginning of the outer zone 1, terminate at the end of inner zone 1 and be continuous in the informatipn

zone (see|Figure 18).
15.4 Track pitch

15.4.1 Track pitch in.BCA zone

The tracld pitch (TP),in BCA zone is the distance between the average centerlines of a groove in adjacgnt
tracks, mpasured-iit the radial direction.

The tracK pitch shall be (2,0 £ 0,1) pm.

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

15.4.2 Track pitch in embossed HFM area

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

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

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

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

15.4.4 Track pitch between embossed HFM area and recordable area

Th
tr

1]

1]

In
de

T}
2

d4
Clj

A

Far detailed descriptions of the related processing steps and applied codes, reference is ma

de

icks (revolutions), which tracks shall be located completely in protection zone 2 (see Rigute
.5 Track layout of HFM groove

.5.1 General

this subclause, only the encoding format of the data is described. The locations and the ca
fined in Clause 18.

e data in HFM groove is recorded in 4K partitions, called PIC clusters. Each such PIC cluster
Hata frames, each with 2 048 bytes of data. The error-correction mechanisms used to pr
ta and the procedures to build up fully formatted partition are very similar to those des
huse 13.

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

scriptions in Clause 13.

Sync

1 byte 10 bytes 1 byte 9 bytes

T | D D, B, |D B Dig T
Dig .. Dyg B, | PP
"""" Datastream | : | | 216data
248 rows > > N N .
on disk : :
_________________________________ )
T

32 parities

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

84).

ntent are

contains
ptect this
cribed in

de to the

Figure 56 — 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 the procedure described in 13.4. For the preset of
the scrambler AUN; ;.. AUN; (see 15.5.3.2 and 13.9.2.2) shall be used instead of PS;g .. PS;.

15.5.2.3 Data block

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

15.5.2.4 |LDC block

Next 32 rpws with error-correction parities are added according to the procedure described in13.5 ahd
13.6, with the difference being that there are only 19 columns (L = 0 ..18). The result of thisprocessing
is a matrix of 248 rows x 19 columns.

15.5.2.5 |Interleaving

The interfleaving procedure is different from the one described in 13.8. Only-the second interleaving
step descfibed in 13.8.3 is applied., That is each successive row is shifted oné-ore byte position to the
left [shift|= mod(k, 19), where k is the row number, 0 < k < 247)]. The bytes that shift out at the left side
are re-enfered in the array from the right side (see Figure 57).

« 19 bytes -
« shift0 €00 €1 |- €018 T
« shift1 €14 €1y |- €118 €10
« shift 2 €, €3 |- | epig €50 €,
, YO
< shift 18 €1g1s | €180 |er ™ €1g17 248
« shift0 €19 €191 - €1913 | TOWS
¢ shift mod(k,19) R
< shift 18 Poab18 | P2aco |- P246,17
< shift 0 P24z0 | Poaza |- P24718 !

Figure 57 — Interleaving of PIC LDC block

After thiq process the bytes are renumbered in the horizontal direction through all the rows resultihg
in the nullnbering D, to D, 717 as indicated in Figure 56.

15.5.3 Addressing and control data

15.5.3.1 General

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

rows (see Figure 58).

66 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 30190:2021(E)

4 columns
0 1 2 3
T 0 AF,, AF, 4 AF,, AF, 4 T
1 AFg, AF, - AF, . AF, <
2 AF, AF, AF, 4 AF,,
3 AF; ¢ AF,, AF,, AF, .
4 AF,, AF, 4 AF, AF, .
5 AF, ¢ AF, ¢ AF, , AF, -
6 AE. . AE., AE. AE
7 AF, , AF; AF, ¢ AF,,
8 AF,, : : AF, 4 18rows
9 AF, , : : : addfesse
10 AF¢ 4 AF.,
11 AF. . : :
1 BIS 12 AF,, AF¢ 4 AF,,
codeword 13 AF¢ ¢ : : ;
=62bytes 14 AF. , AF., _(AF,,
15 AF- - : :
16 AFg, : : AFg 4
17 AFg, AFg AEge AFg . \
18 UCy UCys 0 UCy; UCysq T
19 UCq 0 UCy39 UCy 4 UCy34 12 rows
: : : a : : user contrpl
28 UCy00 UCyo*s|  UCyq UC,, 4 data
29 UCyq, UG} UCyq4 UCys 4 l
30 Pbso, PD304 Pbs, Pb3os T
31 Pbsi, Pbs; 4 pbs;, Pbs; 5 32 rows
: : : : : parities
! 61 Pbeifo Pbaig Pbey, Pbgia d
Code word | Code word | Code word | Code word
0 1 2 3
Figure 58 — PIC BIS block
153.5.3.2 Address fields
Cdmparable to the recordable areas of the disk, where each 1/16 of a 64K cluster (= 4K|bytes) is

id
ur

entified\by one address unit number (see 13.9.2), each 4K PIC cluster shall be identified by onle address
itnumber. These address unit numbers shall increase by two for each successive 4K PIC cl:l‘Fter.

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

to

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

— bit 7 to bit 3 shall be set to reserved;
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— bit 2 to bit 0 shall be set to the binary value of S;
— AF;g.. AFg ¢ = parity bytes for forming an (9,5,5) RS code over the address field.
The parity bytes shall be calculated according to the definitions given in 13.9.2.
The 8 addresses are mapped into the PIC BIS block in a special pre-interleaved way.

The bytes of addresses 0 to 3 are placed in a diagonal direction in the even-numbered rows, starting
with byte 0 of address 0 in row 0, column 0 and each successive address being shifted cyclically one
position to the left (see Figure 58).

The byte$ of addresses 4 to 7 are placed in a diagonal direction in the odd-numbered rows, startikg
with bytg O of address 4 in row 1, column 0 and each successive address being shifted cyclically one
more posjtion to the left.

Mathematically, this mapping of the address bytes into the PIC BIS cluster can be(represented py
Formula {44). Byte AF, , shall be allocated in:

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

column: ¢ = mod[(x + 8 - y),4] (44)

15.5.3.3 |User control data

There arq two user control data units, each consisting of 24 by:tes. Bytes 0 to 11 of the first user control
data unit|shall be placed in column 0, rows 18 to 29 of the PIC BIS block and bytes 12 to 23 in colurhn
1, rows 1B to 29. In the same way, bytes 0 to 11 of the seeond user control data unit shall be placed|in
column 2[and bytes 12 to 23 in column 3 (see Figure 58):

All bytes pf both user control data units shall be reserved.

15.5.3.4 |BIS code words

The PIC BIS block is completed by addihg 32 rows with parity bytes (see Figure 58) according to the
procedurg described in 13.11 and 13332, with the difference that there are only 4 columns (c = 0 ..B).
The resulf is now a matrix of 62 gows x 4 columns.

15.5.3.5 |BIS cluster

Finally, te matrix of BIS.code words is reconstructed into one-column of 248 bytes that can be inserted
in the PI( cluster as indicated in Figure 56.

Bytes B fo By,saré filled by successively copying bytes from the even rows by going through the BIS
block cyclicallydin a diagonal direction starting from row 0, column 0 (see Figure 59).

Bytes B1 T i p44/ are filled ]'“r cnr‘r‘nccnrnln r‘npylng ]f\nfnc from-the odd rows hxr gnlng Hﬁrnngh the H IS

block cyclically in a diagonal dlrectlon startmg from row 1, column 0.

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

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 x 1, 62) + div(i,124); (45)
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(46)

(47)

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

BIS cluster

BIS block

i c=0 1 2 3

r=0 0 93 62 31
1 124 217 186 155
2 32 1 94 63
3 156 125 218 187
4 33 2 95
5 157 126 219
6 34 3
7 158 127
8 4 35
9 128 159
10 5

11 129

12 6

13 130

53 243
54 120 27
55 244

56 28 121

57 152 245

58 60 29 122

59 184 153 246

60 92 61 30 123
61 216 185 154 247

< 1 byte —»
B;
Bias 248
Bi2a rows
B4z !

Figure 59 — Reading order for constructing PIC BIS cluster

15.5.4 Recording frames

15.5.4.1 General

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

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

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

© ISO/IEC 2021 - All rights reserved

69


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

ISO/IEC 30190:2021(E)

15.5.4.2 Modulation

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

indicated in Figure 60. The length of each bit cell shall be 36 T, where T corresponds to the length of a

channel bit in the recordable areas.

A

15.5.4.3

Each recc

Pvnmp]n of data bit stream

\verage

centre

groove - -

36T

1

Figure 60 — Biphase modulated HFM groove

Frame sync

/N

I

I

1

|
0
\!I"

rding frame starts with a synchronization pattern,equivalent to 8 data bits. The first 4 b

are replaged by 4 bit cells with a special pattern that vielates the normal biphase encoding rules (g
Figure 61| two possible patterns depending on the initial phase).
B Syneypattern R
Data Sync body Sync identification Data
—> > | < > |«—
- - - - IDO ID1 ID2 Parity
1 1 0 0 1 0 0 1 1 X 1 x 1 x 1 X 1
1 110 0|1 07]O0 1 1 x 1 x 1 x 1  x 1

Figure 61 — Biphase synchronization pattern

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

70
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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
re
15

T}

T}

5.3.5).

Figure 62 — Sync identification

e 31 successive recording frames of each such group are identified by-a special sequend
pdtterns (see also 13.17.4). The first recording frame of each group has the unique sync patter

e other sync patterns are mapped as specified in Figure 63.
Frame number | Sync number || Frame nuimber | Sync number

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 ES4 21 FS6
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 FS2

Figure 63 — Mapping of sync patterns on PIC recording frames

means of the PIC BIS column, the 248 rows of a PIC cluster can be divided inte’eight grqups of 31
cording frames, where each group of recording frames carries an address in(ts first nine

Fows (see

e of sync
n FSO.

15.6 Track layout of wobbled groove(s)

15.6.1 General

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

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

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

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

15.6.2.1 General

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

Some wobbles are modulated, where two modulation methods shall be used simultaneously as follows:

thes

In the pr
modulate

Both mod

15.6.2.2

MSK-cos
(MM). An|
as indicat

the first modulation method is called MSK-cos (minimum shift keying - cosine variant);

MSK-cos modulation

econd modulation method is called HMW (harmonic modulated wave).

ulation methods shall represent ADIP information as defined in 15.7.

ptection zone 3 area in the outer zone(s) (see Clause 16 and 20.2.10) the groové shall
d by MSK-cos only and not by HMW.

be

modulation is applied by replacing three consecutive monotone &obbles by one MSK mark

— the first NWL starts the MSK mark with a cosine wobble withaafrequency = 1,5 x £, \.;

the s

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

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

MSK mark consists of three nominal wobble lengths NWL with the following wobble patterjns
ed in Figure 64:

Waobble:
-COS(ZT X fyyop X )
\Sxxfggcb(l)gs Wobble; Wobble:
+cos(2m x (1,5 xf4on)x t) -cos(2mx (1,5 x fi,op )% t)
Inner sjde ¥ v
of disk «f—r|—|—>
y —
\ / \
Outer ;ide > | | <« 1l B ey ol B —
of disK '\‘\ MSK mark (MM) /'/'
Monotone wobbles (MW): +cos(21t % f,,o, X t)
Figure 64 — Definition of MSK mark (on groove)
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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 (48):

cos(2m x f,op xt) xaxsin[2mx (2 xf, ) x t] (48)
where a = 0,25.
Such a combination of a cosine with the fundamental frequency and a certain amount pf second
hgqrmonic represents a first-order approximation of a saw-tooth wave. The + or - sign(@regtes a left
or|right inclination, where the + sign is used to represent the bit value ONE and the & 'sign {s used to
represent the bit value ZERO (see Figure 65).
+COS(2T X fi,op X £ )+ axsin[2m x(2 x f,, ) x t ] +COS(2T % f,0p X t ) -a x sSiRf2mw = (2 x f,, 1)) x t]
Ihner side . ONE *, ﬁ ONE | ZERO¢ ¢ZERO }
df disk
Oputer side
ofdisk 1< <> 14 (ST e D) R e e
W wobbles T Saw tooth Wobbly'
Monotone wobbles (MW): +cos(2Tt x f,,, % t)
Figure 65 —Definition of saw-tooth wobbles (on groove)
13.6.3 Wobble polarity
When push-pull polarity (see 26.1) is negative, then the wobbled groove shall start its firgt wobble
dgviation towards thée-éuter side of the disk.
When push-pull ‘polarity (see 26.1) is positive, then the wobbled groove shall start its fir§t wobble
dgviation towards inner side of the disk.

1]

b.7 ADIP information

15

7.1 Generat

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

ca

lled an ADIP unit (see Figure 66).
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2 recording frames
<1932 channel bits 1932 channel bits ———— »
Sync Data Sync Data
-— 9)5—» -~ = 9,5_>
wobbles wobbles
1 ADIP unit
56 NWLs

Figure 66 — General ADIP structure

15.7.2 ADIP unit types

By inserting MMs into the 56 NWLs of an ADIP unit with unique distances between adjacent MNls,
different fypes of ADIP units can be created.

The ADIP|units representing a data bit are additionally modulated with STWs.

Furthernfore, a reference STW unit is defined. Each type of ADIP unitstarts with an MM.

The folloyving types of ADIP units are defined (see Figure 67).

— Mongdtone unit:  consisting of one MM followed by 53 MWs;

— Referlence unit:  consisting of one MM followed by\15 MWs, 37 STWs and one MW;

— Sync|0 unit: consisting of one MM followed by $3"MWs, one MM, 7 MWs, one MM and 27 MWs;
— Sync]|1 unit: consisting of one MM followed-by 15 MWs, one MM, 7 MWs, one MM and 25 MWs;
— Sync|2 unit: consisting of one MM followed by 17 MWs, one MM, 7 MWs, one MM and 23 MWs;
— Sync]3 unit: consisting of one MM-followed by 19 MWs, one MM, 7 MWs, one MM and 21 MWs;
— Data|x unit: with x representing ONE or ZERO:

— Dhata_1 unit: consisting of one MM followed by 9 MWs, one MM, three MWs, 37 STWs and one MW;

— Data_0 unit: censisting of one MM followed by 11 MWs, one MM, one MW, 37 STWs and one MW.

The 4 synjc units are‘used for synchronization purposes while the Data_1 unit is used to represent the
bit value DNE, and:the Data_0 unit is used to represent the bit value ZERO.
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NWL numberO.. .. 3.. 18 T 1)
Monotone unit N | HEEEEEEEEEEEEEEEEEEEEEEEE NN EEEEEEEN
Reference unit I | [T TT T NNARNNNNNNNNARNANNRNNNNARNRNNNRNANARARNN

[
I

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

Sync_1unit N |

Sync_2 unit I ] HEEEEEE HEEEEEE BEEEEEEEEEEEEEEEEEEEN

Sync_3 unit 1 HEEEEEEEE SEEEEEE BEEEEEEEEEEEEEEEEEE
[ NNRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRN

Data 0 unit I
Data_1 unit I W 1 T I ANANNANNANANANAANAAANAAAAAAAAAAAAAN AN

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

Figure 67 — ADIP unit types

153.7.3 ADIP word structure

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

Edch ADIP word shall be constructed as indicated in Figute 68.
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. . ADIP nibble ADIP code word
ADIP unit number ADIP-unit type bit number nibble nmumber

0 Monotone -

1 Sync_0 -

2 Monotone

3 Sync_1 -

4 Monotone --- -

5 Symc—2 =

6 Monotone -

7 Sync_3 -

8 Reference

9 Data_x b, O.)Q\

10 Data_x b, {<5J

11 Data_x b, \\ 0

12 Data_x b ‘an

13 Reference - -

14 Data_x b, & T

15 Data_x b, O\)

16 Data_x AN ) €1

17 Data_x onv

18 Reference
8+ix5 Reference. | - -
9+ix5 Data_x b,
10+ix5 Data_x b, .
11+ix5 Data_x b, i
12 +ix5 Data~x b,

78 ,U ) Reference

79 Data_x b,

80 Data_x b,

81 Data_x b, C14

82 Data_x b,

FHonre 68— ADP word shrvetre ————————————————————

15.7.4 ADIP data structure

15.7.4.1 General

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

Th
Be
th

17
T}

T}

TH
T}

T}

.7.4.2 ADIP information bit assignments

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

e last address of thedata zone on layer LO (LAA) shall be located at a radius <58,1 mm.

e first address-of-the data zone on layer L1 (FAA) shall be located at a radius <58,1 mm.
e last address of the data zone on layer L1 (3D FF FEh) shall be located at radius 24,0%)1 njm.

AX11 .. AXO0: These 12 bits contain auxiliary information about the disk:

Figure 69 — ADIP information structure

e nibbles n; to ng are transcoded to nibbles ¢, to ¢y, by an error correctien system (sge 15.7.5).
cause this error-correction system is non-systematic, there is no simple direct relationshig between
e bits in the information array and the coded bits in the ADIP unit.

AA23..AA0: 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:

— AAZ23..AA21: These 3 bits shall indicate thé€’layer number and shall be set to: 000 op layer L0
and to 001 on layer L1. All other settings'shall be reserved;

— AA20..AA2: These 19 bits shall contain a sequential number, which shall increase bylone after
each 3 consecutive ADIP words_ (Synchronized to the RUB’s, see 14.2);

— AA1,AAQ0: These 2 bits shalkbe set to 00, 01 and 10 consecutively in 3 successive AIDIP words
corresponding to one RUB)The setting 11 shall not be used.

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

inthedatazonaolal and tho autor zanala) afthe dick tho quviliarv hite chall ho cat to ERO
SEEEEEE il GO A 5OEEEEET TR jod = i — ’

........ FeIrecretritoy TeO—OTrerTT

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

AX11.. AXO from 96 consecutive ADIP words (equivalent to 32 RUBs), shall form one ADIP
aux frame with 144 bytes;

the first bits of each ADIP aux frame shall be located in an ADIP word with a PAA thatis a
multiple of 128 (PAA = xxxx xxxX XxxX Xxxx X000 0000);

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

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

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

1 1 Q 1 1 DIlR 1
LdyCl ITUIIIDCI OCUUCIILC ITUITIDCI ITIUT A" RNUD ITUIITDCT

AA1,AA0=00,01,10

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

TSR ARS AA1, AAO =©00,01,10

PAA; onlayer L1 AA23 .. AA21 =001 20 .. AA2 frorm outéite inner
_ |
Layfer LO First address Last address
02 00 00h ... PAA, | . LAA
1 T 1 T 1 T 1
Innjer zone ! ! ! ! Outer zone
L AR L
3D FF FEh ... PAA; |  «O .. FAA
Layer L1 Last address First address

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

Mathematically, this can be expressed in the following way.

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

PAA,|=PAA,+C00001h (49)

(The addjtion of 1 corrects) for the order of the intra-RUB numbers, while the addition of CO 00 0Ph
takes carg of the correetlayer number.)

In this way, the last-address of data zone 1 can be derived as Formula (50):

3DFHFEh=020000h+C00001h (30)

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

FAA=LAA+C00001h (51)

15.7.5 ADIP error correction

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

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

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

zc xx14- ’—Zn xg(1) +n8><gp (x) (53)

where g,(x) is the parent generator polynomial:

13 '
9p (x):H(x—a’ ); and

gW(x) is a specific generator polynomial for each symbol n; (i =.0577).

g®(x) is derived from the parent generator polynomial 9p(x)-by removing one of the zeroes g; of g, (x)
arld normalizing the result such that g()(z)) = 1. The zero Z to\be removed is given by Formula|( 54]

z; =t (54)

The generator polynomials are then calculated as per Formula (55):

5(1)
g (X):g—(x) (55)
B;
where
gp (%)
X—z

Bi=3"(z):

Bgfore recording on'the disk, all bits of the nibbles ¢q to ¢y, shall be inverted.

;and

g (x)=

Bdcause the 'code is non-systematic, an additional calculation is needed to derive the information
syjmbols.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 ((x) in the
zero-corresponding to the information symbol, i.e. by calculating a syndrome as per Formula [56):

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

ni :S

i+6

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

NOTE Each information symbol n; corresponds to a zero in the parent generator polynomial g,(x). Figure 71
gives the corresponding zero factor for each information symbol (note that ng does not have a correspondlng Zero).
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Symbol Corresponding
zero factor
(x - a%)
(x-a')
(x-a?)
(x - a%)
(x-a*)
x-a’)
n, (x - a®)
n, (x-a’)
n, (x-a®)
n, (x-a%)
n, (x- a9
ng (x-a')
ng (x-a'?)
n, (x-a'?)

Figure 71 — Corresponding zero factor for each information symbol

If an infj‘rmation symbol is known and its corresponding zero extends the existing series of zerdes
corresponding to (x - a% .. (x - @®) .., the Hamming distance increases. For instance, if n, is known, the
Hamming distance becomes d = 8. If both ny and n,; are’known, the Hamming distance becomes d = 9, efc.

In other words, prior knowledge of information-Symbols can increase the Hamming distance of the
code. Becpuse the addresses in the ADIP increase linearly, such prior knowledge is present.

This pheijomenon can be used for additional checking of the reliability of the decoding result.
15.8 Digk information in ADIP-frame

15.8.1 General

The infofmation nibblés from the auxiliary fields of 96 consecutive ADIP words are grouped irto
frames of bytes andscdrry several disk parameters. The nibbles are re-ordered into bytes according|to
Figure 72. Severakdisk information (DI) aux frames can be grouped into a DI block. All disk informatipn
blocks shhll have:the same content.
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T}
su
ad
re
an

Byte
nur§r11ber b, b b b, b, b, b, b,
0 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 1 word 1 word 1 word 1 word 1 word 1 word 1 word 1
1 AX3 AX?2 AX1 AXO0 AX11 AX10 AX9 AX8
word 1 word 1 word 1 word 1 word 2 word 2 word 2 word 2
2 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word2 | word2 | word?2 word2 | word2 | word?2 word 2 | word 2
3 AX11 AX10 AXY AXo AX/ AXO AXS AX4
word 3 word 3 word 3 word 3 word 3 word 3 word 3 wqrd 3
141 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95 | word95-] word 95 | wold 95
142 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
word 95 | word 95 | word 95 | word 95 | word 96 | aword 96 | word 96 | wofd 96
143 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXO0
word 96 | word 96 | word 96 | word 96 | word96 | word 96 | word 96 | wofd 96

Figure 72 — ADIP aux frame byte ordering

.8.2 Error protection for disk information aux frames

DI block

e DI aux frames are protected by a long-distance RS error-correction code according to 13.7. Because
ch a long-distance code is built up fron(’248 bytes, 104 dummy bytes (not recorded on the|disk) are
ded to complete the long-distance Difaux frame code words (see Figure 73). Bytes e ; .. €1 ; in 13.7
present the dummy bytes (all set\to-FFh), bytes ey, ; .. €515, represent the disk informatjon bytes,
d bytes p,16 1 - P247,, represent the parity bytes.

DI aux frame
N-1

DI aux-frame

0

DI aux frame

1

DI aux frame

DI aux frame

g

N-1 0

[
<=~ — Dummy bytes: > (< 1 DI aux frame from disk: —>
104 bytes added to each DI aux frame 96 ADIP words x 12 bits = 144 bytes
FFh Disk information unit (112 bytes) Parity

N

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

15.8.3.1

General

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

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

In protec
Figure 85

contiguoys with a DI aux frame 0 at the addresses specified above).

The 112
unit shall

DI units ¢an contain different sets of parameters, such as different write strategies. To distinguish
units that have different definitions for their content, a unique identification ¢f'such DI units is needdd.

Byte 2 in

types of DI units with different content can be distinguished.

If the nun

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

Wheneve

tion zone 2 of layer LO (see Figure 84) and buffer zone/OPC1/buffer zone of layer I (9
) the auxiliary bits can be set to ZERO or can contain DI aux frames (such that the sequeérnce

lisk information bytes in each DI aux frame are called a disk information (DI) unit. Each
start with 8 bytes, forming the DI unit header (see 15.8.3.2).

the DI unit header, the DI format number, shall be used for this.purpose. With this byte, 2

DI

DI

b6

nber of parameters of a single set do not fit in one DI unitysuch a set shall be stored in multiple
consecutjve DI units, in which case bit b, of byte 6 indicates that the next DI unit in the sequence i
continuatlion of the actual one.

a

' new DI aux frames are added, the existing/ones can still be used if appropriate, and in that

way backjwards compatibility with existing drives can be facilitated. Each drive should check all DI aux

frames present on the disk and, based on the Di:format number (byte 2) and the indicated recordi

velocity (

15.8.3.2

Each DI upit shall consist of a header/a body and a footer as shown in Figure 74.

bytes 32 to 35), only use the ones thatit is supporting (see also 15.8.3.7).

General definitions for DI unit

Byte number Content l;l;llr)r}l, ?:;
0to1 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)
Hefder 4 Reserved
5 DT-unit sequence numper in DI bIOCK
6 Continuation flag (1 bit) 1
Number of DI bytes in use in this DI unit (7 bits)
7 Reserved 1
Body 8 to 99 DI-unit content 92
100 to 105 |Disk-manufacturer ID 6
Footer 106 to 108 |Media-type ID 3
109to 110 |Time stamp 2
111 Product revision number 1

82

Figure 74 — General DI unit format
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Bytes 0 to 1: Disk information identifier

These two bytes shall be set to 44 49h, representing the characters “DI".

Byte 2: 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.

N(

and the version number as defined in byte 11.

Toa
cld

TH
by
to

If the read compatibility can be made to conform to an existing class{honew class number is 1

T}

class number update is needed (read compatibility is maintaine€d) and the new specifications

TE The DI tformat number only defines the content of the Dl unit and has no relation with the claj

prevent backwards compatibility problems of newer disks with older drives as much as g
ss number and a version number have been introduced.

e class number is incremented if a BD layer according to the new specifications;should not be
legacy drives at all, neither for reading nor for writing (e.g. to prevent possible damage to t
the drive).

e version number is incremented if the new specifications imply an extension/change for

ss number

ossible, a

accessed
he disk or

needed.

which no
results in

a yrite compatibility break. Although such a BD layer is carrying a higher version number, ift still can

contain a DI unit according to a previously defined DI format, if this layer can be recorded acqg
the write strategy as defined in such DI unit.

Cd
to

nsequentry, drives should always check for the presence of a DI unit with a DI format numb
the drive. In such cases, the recording parameters (such as e.g. recording velocities, recordi

ording to

er known
hg power,

titning requirements) needed to set the related write strategy can be checked and if these are within

the capabilities of the drive, the drive should accept the disk for recording.

By

fufure disks can be maximized while\still preventing possible damage to disks and drives.

E4
ny

using the class number and the.version number as described above, backwards compafibility of

ch layer type (defined by bytes 8 to 10) has its own independent DI format numbering. The
mber is also an indication for the write strategy type, which is specified in the DI unit.

DI format

© ISO/IEC 2021 - All rights reserved
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Byte 3: Number of DI aux frames in each DI block/Number of the layer to which this DI

unit applies

Bits b, to bs:  These 5 bits specify the number of DI aux frames N in each DI block (1 < N < 31).

Bits b, to by:  These 3 bits specify the number of the recording layer to which the specifications in

this DI unit apply.

Byte 4: Reserved
This hyfn shallbe setto QQh:

Byte 5: DI unit sequence number in DI block

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

This byte shall specify the sequential DI unit number within the DI block.

The sequence of DI units shall be ordered (see Figure 75) first agccerding to increasi
nominal recording velocity (byte 32 to 33), second within each‘sequence of DI un
with the same nominal recording velocity, according to ascending layer number (byte
and third according to the preference of the write strategy.[identified by the DI fornjat
number, but need not be in the sequence of DI format numbers).

Sequence number | Recording velocity Layer nutiber Write strategy
0 0 Preferred WS
1 Alternative WS
: 1 Preferred WS
k-1 Alternative WS
k V1 Preferred WS
Alternative WS
: i1 Preferred WS
2k-1 Alternative WS
2k 0 Most preferred WS
vV, >V
k-1 Least preferred WS
V3>V, 0
N-1 etc. etc.

It shall be set to a number n, where n indicates the actual number of the'BFunit witHin

ng
ts
3)

Figure 75 — Example of DI block sequence

84
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Byte 6: Continuation flag/Number of DI bytes in use in this DI unit

Bit bs: This bit specifies if the parameter set in this DI unit is continued in the next DI unit or
if the next DI unit is the start of a new set of parameters.

It shall be set to as follows:
ZERO if the next DI unit is the start of a new set of parameters; or

ONE if the parameter set in this DI unit is continued in the next DI unit (see Figure 76).

bsbto-bp—theseseven bitochallbindiente e nmber ol bylesnrse e nebnal Bl 1p Lo Lhe
last unused (reserved) bytes immediately preceding footer (see Figure 7.7):
Byte 2 =..
Byte 3 =N/ Layer LO
Byte 5 =n-1
Byte 6, bitb, =0 End of preceding parameter set
Byte 2 =x Startof actual parameter set
Byte 3 =N/ Layer L1 :
Byte5=n < {
Byte 6, bitb, =1 Q :
- N
Parameter set gyi g 3 E el 5\0 :
for layer L1 the 5 ; el y % Continuation of actual parameter set

spans 3 DI units Byte 6, bitb. = 1 ,,$ .
Byte 2 =x K\
Byte 3 = N / Lager L1
Byte 5 = n+, :
Byte 6,(b) ;=0 End of actual parameter set
Byte2 =..
Byte'3 = N / Layer LO
Byte 5 = n+3 Start of next parameter set
Byte 6, bitb, =..

Figure 76 — Example of DI unit extension
Byte,7: Reserved
B tCD 3 tU 99- DI uu;t LUlltCllt

These 92 bytes shall store the specific content of the DI unit, for example, general
disk parameters, read/write powers and write strategy parameters.

Bytes 100 to 105: Disk manufacturer ID

The format and the content of these 6 bytes require agreement between the in-
terchange parties, else these bytes shall be set to all 00h.

Bytes 106 to 108: Media type ID

The format and the content of these 3 bytes require agreement between the in-
terchange parties, else these bytes shall be set to all 00h.
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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 t

he

same recording properties (only minor differences are allowed: the time stamp

shall be irrelevant for recorders).

Bits b, to b, of byte 109 plus bits b, to b, of byte 110 shall form one 12-bit binary number represent-
ing the year of production.

Bits 1
If the|

Byte 111}

15.8.3.3

The conte

3 to by of byte 110 shall form one 4-bit binary number representing the month of productio

time stamp is not used, both bytes shall be set 00h.

Product revision number

This byte shall identify the product revision number in binary potation. All dig
with the same disk manufacturer ID and the same media type 1D, regardless
the product revision numbers, shall have the same recording properties (o

e

ks
of

ly

minor differences are allowed: product revision numbexrs'shall be irrelevant for

recorders).

The content of this byte can be chosen freely bythe disk manufacturer. This

document does not specify the format and the content of this byte. It shall
ignored in interchange.

Definitions for DI format 1 (N-1 write strategy)

nt of the body of DI units according to format 1:shall be as shown in Figure 77.

be

86
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Byte number Content Number of
bytes
0to7 DI unit header 8
8to 10 BD layer-type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-pull polarity flag bits 1
15 Recorded-mark polarity flag bits 1
16 BCA descriptor 1
17 Maximum transfer rate 1
18 to 23 Reserved 6
24 to 31 Data-zone allocation 8
32to35 Recording velocities 4
36 to 39 Maximum dc read powers 4
40to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
48 to 55 Write-power settings 8
56 Typ Write multi-pulse duration 1
57 to 68 dT,,, first-write-pulse start time 12
69 to 92 Ty, first-write-pulse duration 24
93 to 94 T p last-pulse duration 2
95 to 97 dT; start time of space-level 3
98 to 99 Unused = all 00h 2
100to 111 DI unit footer 12
Figure 77 — Content of disk information for DI format 1
Bytes O to 1: Disk information identifier
See 1518.8.2.
Byte 2: DI format number
This byte shall be set to 01h for disks with BCA code.
This byte shall be set to 81h for disks without BCA code.
Byte 3: Number of DI aux frames in each DI block/Number of the layer to which this
DI unit applies
See 15.8.3.2.
Byte 4: Reserved
See 15.8.3.2.
Byte 5: DI unit sequence number in DI block
See 15.8.3.2.
Byte 6: Continuation flag/Number of DI bytes in use in this DI unit

This byte shall be set to 62h indicating that the first 98 bytes of the DI unit are used
and that there is no continuation in the next DI unit. All remaining bytes of the DI unit
body (excluding the bytes in the DI unit footer) are unused and shall be set to 00h.
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Byte 7:

Bytes 8 to 10:

Byte 11:
Bits b,

Bits bs

Bits by

Byte 12:

Bits b,

Bits b

Byte 13:
Bits b,

Bits b,

Byte 14:

Bitb;:

Byte 15:

88

Reserved
See 15.8.3.2.

BD layer type identifier

These 3 bytes identify the type of the BD layer to which this DI unit applies and shall

be set to 42 44 52h, representing the characters “BDR” in each recordable layer.

Disk size/Class/Version

O bg:

to by:

to by:

to by:

to by:

to by:

to by:

I'hese 2 bits specily the disk size. They shall be set to 00, indicating a 120 mm d1

These 2 bits specify the class number. The class number identifies BD layeks)of t
same layer type but with different basic specifications.

BD layers according to this document shall have these bits set to 00.

Drives that are not familiar with a particular class of layers should not access t
data zone of such layers (neither for reading nor for writing)

These 4 bits specify the version number. They shall be sett0)0001, indicating a lay
according to this document.

BD structure

These 4 bits specify the total number of BD recording/recorded layers on the di
On SL disks they shall be set to 0001, indicating one recording layer.

On DL disks they shall be set to 0010;dntdicating two recording layers.

These 4 bits specify the type of BD'recording/recorded layer to which this DI u
applies.

Bits b; to b shall be set tg 0010, indicating a recordable recording layer.

Channel bit length
These 4 bits shall'be set to 0000.

These 4 bits.specify the main data channel bit length, which shall be the same
all BD reconding layers.
Theyrshall be set to as follows:

0001: indicating a channel bit length of 74,5 nm (25,0 GB per layer),

other settings: reserved.

Push-pull polarity flag bits

Jd

e

nit

Eachbitbishall specifuvthe polaritvofthe push-pullsignal onrecordinglaver Li (:
) ol v I 4 I Ir [=] (=] v AY

26.1). They shall be set to as follows:
ZERO: indicating that the push-pull polarity on layer Li is positive,
ONE: indicating that the push-pull polarity on layer Li is negative.
For recording layers that are not present, bit b; shall be set to ZERO.

Recorded mark polarity flag bits
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Bitb;,: Each bit bi shall specify the polarity of the recorded marks on recording layer Li.
They shall be set to as follows:

ZERO: indicating a layer type on which recorded marks have a lower reflectivity
than the unrecorded layer (HTL disks),

ONE: indicating a layer type on which recorded marks have a higher reflectivity
than the unrecorded layer (LTH disks).

For recording layers that are not present, bit b; shall be set to ZERO.

Byte 16: BCA descriptor
Bits b, to by: These 4 bits shall be reserved.
Bits b; to by: These 4 bits shall indicate the presence of a BCA code on this,disk as follqws:

0000: indicates that there is no BCA code,
0001: indicates that BCA code is present,

other settings: reserved.

Byte 17: Maximum transfer rate

This byte specifies the maximum read transfer rate needed by the BDAP as|a number
n such that:

n = maximum read transfer rate in\Mbit/s (n < 255; M = 109),

n shall be set to 00h, indicating po maximum transfer rate is specified.

Bytes 18 to 23: Reserved
These bytes shall all be set to 00h.

Bytes 24 to 31: Data zone allocation

Bytes 24 to 27:  These bytes specify the first physical ADIP address of the data zone of the relpted layer.

In each DI unit relating to layer LO these bytes shall be set to 00 02 00 00h, indicating
PAA 131072 as the first PAA of data zone 0.

Ineach’DI unitrelating to layer L1 these bytes shall be set to a value FAA, wihich shall
be00 26 B1 80h for a disk with a user data capacity of 25,0 GB per layer, indicating
FAA as the first PAA of data zone 1.

Bytes 28 to 34+ These bytes specify the last physical ADIP address of the data zone of the relpted layer.

In each DI unit relating to layer L0 these bytes shall be set to a value LAA, wihich shall
be 00 19 4E 7Eh for a disk with a user data capacity of 25,0 GB per layer, indicating
LAA as the last PAA of data zone 0.

Inanch Dlunitralatinagtalaunel 1 thacabhutacchallbha cnt o NN 2N EE EEL
rH-eathorHhererae i Etoaye o tO-o oS-t

1e-tolayrerthese-byrtesshall-beset r{ndicating
PAA 4 063 230 as the last PAA of data zone 1.

Bytes 32 to 35: Recording velocities
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Byte 32 to 33:

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.

Byte 31

Byte 3

Bytes 36

Byte 3

Bytes 3

NOTE 1

=g

to 39:

7 to 39:

For reading at lower velocities than the lowest specified velocity, a reduction of the read power can

This byte specifies the maximum recording velocity, to be used with the paramets
as defined in this DI unit.

It shall specify the maximum recording velocity as a number n such that:
n=100xV_../ V,om (n 2100)

Here, n shall be equal to 64h to indicate a maximum recording yelocity equal to t

nominal recording velocity.

This byte specifies the minimum recording velocity, to be used with the paramete

as defined in this DI unit).

It shall specify the minimum recording velocity as anumber n such that:
n=100x Vi, / Vyom (n < 100)

Here, n shall be equal to 64h to indicate a minimum recording velocity equal to t

nominal recording velocity.

Maximum dc read power

The maximum read power is defined as the maximum optical power on the entran
surface of the disk, at which(at least 10° successive reads can be applied witha

degrading the recorded signals (see 30.6). Maximum read powers in this 15.8.3.3

shall be greater than-er'equal to the read powers defined in 30.6. By default, t
powers defined in 30:6'shall be used.

This byte shallspecify the maximum dc read power P, at the reference velocity|i

milliwatts, &8s anumber n such that:
n=100/P,

Thesé-bytes each shall specify the maximum dc read power P, at a read veloc

ty

corresponding to the nominal recording velocity, as defined in byte 32 and 33 of this

PI unit, in milliwatts, as a number n such that:
n=100x P,

il £l

necessary

90

s £ £ HH - H £
o gaararrcCt=StaoTrty Ottt T CCoOT U g S OT tiCOTSISe
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Bytes 40 to 43: Maximum HF-modulated read powers
The maximum read power is defined as the maximum optical power on the entrance
surface of the disk, at which at least 10 successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.3 shall
be greater than or equal to the read powers defined in 30.6. By default, the powers
defined in 30.6 shall be used.
Byte 40: This byte shall specify the maximum HF-modulated read power P, at the reference
velocity, in milliwatts, as a number n such that:
n=100x P,
Bytes 41 to 43: These bytes each shall specify the maximum HF-modulated read power P}, ataread
velocity corresponding to the nominal recording velocity as defined in byite 32 and
33 of this DI unit, in milliwatts, as a number n such that:
n=100x P,
NQTE 2 Forreading at lower velocities than the lowest specified velocity, a reduction of the read poyver can be
nefcessary to guarantee stability of the recordings on the disk.
Bytes 44 to 47: Reserved
These bytes shall all be set to 00h.
Bytes 48 to 55: Write power settings
Byte 48: Pyp: Piyp can be used as a starting value for the determination of Py, 4. in the OPC
procedure (see Annex G for detailed procedure).
This byte shall specify theindicative value Pyyp of Py, pqer in milliwatts, asfa number
n such that:
Byte 49: myyp: myyp ca be used as a starting value for the determination of Py, 4, in the OPC
procedure. (See Annex G for detailed procedure).
This byte shall specify the modulation at Pyyp, as determined by the meglia manu-
facturer, as a number n such that:
=200 x myyp
Byte 50: p: This byte shall specify the write power multiplication factor p, used ih the OPC
algorithm (see Annex G for detailed procedure), as a number n such that:
n=100xp
Byte 51: ggw: This byte shall specify the write-bias/write-peak power ratio &gy, uped in the
OPC algorithm (see Annex G for detailed procedure), as a number n such that:
n =200 x gy
Byte 52: £c: This byte shall specify the cooling/write-peak power ratio &¢, used in the OPC
algorithm (see Annex G for detailed procedure), as a number n such that:
n=200x¢gc
Byte 53: &g: This byte shall specify the space/write-peak power ratio &g, used in the OPC

algorithm (see Annex G for detailed procedure), as a number n such that:
n=200 x &
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Byte 54:

Byte 55:

Byte 56:

k: This byte shall specify the target value for k, used in the OPC procedure (see
Annex G for detailed procedure), as a number n such that:

n=20xk

B: This byte shall specify the target value for 8, used in the alternative OPC procedure
(see Annex G for detailed procedure), as a number n such that:

n=500x(£+0,2)

Typ write multi-pulse duration

Bytes 57(to 68:

Bytes 37 to 60:

This byte specifies the duration of the second and higher pulses of the multi-pulsgtrgin
of the N-1 write strategy, for recording marks (see Annex F for detailed definitiop).

The multi-pulse duration, Ty;p, consists of two contributions: a variable-part and a
fixed part (Typ = Typyar + Tvp fix)-

The first 4 bits (bits b, to b,) of this byte shall specify the variable part, as a fractipn
of the actual channel bit clock period, as an unsigned binaryftumber p such that

T
p=16x—"2¥  (0<p<15)
TW
The last 4 bits (bits b to by) of this byte shall specify'the fixed part as a fraction|of
Ty, where Ty =15,15nsat 1 x Vcor Ty = 7,58 ms\at 2 x V.. The value is expresspd
as an unsigned binary number g such that:

T
q=16x—"2M  (0<q<15)
Ty
dT,,p first write pulse start time

The first 5 bits (bits b; to bs)}of these bytes shall specify the start time of the fifst
pulse of the multi-pulse train, of the N-1 write strategy, for recording marks with
run lengths of 2T, 3T and 24T that succeed a space with a run length of 2T, 3T, 4T|or
>5T (see Annex F for(detailed definition).

The first pulse start'time, dT,,, is expressed as a fraction of the actual channel pit
clock period a§a'signed two’s-complement binary number 7 such that:

thop

i=16x (—14<i<15)
TW

Thetast 3 bits (bits b, to b)) of these bytes shall be reserved.

These bytes specify the start time of the first pulse of the multi-pulse train for fe-
cording marks with run lengths 24T that succeed a space with a run length 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 values are lagging, see Annex F for detailrd

Hofinifinh)

92

Byte 57 shall represent the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run lengths =5T.

Byte 58 shall represent the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run length of 4T.

Byte 59 shall represent the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run length of 3T.

Byte 60 shall represent the start time of the first pulse for recording marks with
run lengths 4T that succeed a space with a run length of 2T.
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These bytes specify the start time of the first pulse of the multi-pulse train for re-
cording marks with run length of 3T that succeed a space with a run length of 2T,
3T, 4T or =5T, relative to the trailing edge of the first channel bit of the data pulse
(positive values are leading, negative values are lagging, see Annex F for detailed
definition).

Byte 61 shall represent the start time of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length >5T.

Byte 62 shall represent the start time of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length of 4T

Bytes 65 to 68:

Bytes 69 to 92:

Byte f:

Byte 63 shall represent the start time of the first pulse for recordingmatks with a
run length of 3T that succeed a space with a run length of 3T.

Byte 64 shall represent the start time of the first pulse for recording magks with a
run length of 3T that succeed a space with a run length of 2T!

These bytes specify the start time of the first pulse of themulti-pulse train fpr record-
ing marks with run length of 2T that succeed a space‘with run lengths of T, 3T, 4T
or 25T, relative to the trailing edge of the first chapnel bit of the data pulsg (positive
values are leading, negative values are lagging, see Annex F for detailed d¢finition).

Byte 65 shall represent the start time of the first pulse for recording magks with a
run length of 2T that succeed a space withza run length >5T.

Byte 66 shall represent the start timelgf the first pulse for recording marks with a
run length of 2T that succeed a spacexwith a run length of 4T.

Byte 67 shall represent the starptime of the first pulse for recording magks with a
run length of 2T that succeed«a.space with a run length of 3T.

Byte 68 shall represent the start time of the first pulse for recording mafks with a
run length of 2T that suc¢ceed a space with a run length of 2T.

Tiop first write pulse duration

These bytes specify the duration of the first pulse of the multi-pulse train, pf the N-1
write strategy, for recording marks with run lengths 2T, 3T and 24T thqt succeed
a space-with a run length of 2T, 3T, 4T or =T (see Annex F for detailed deffnition).

The first pulse duration, Ttop, consists of two contributions: a variable gart and a
fixed part (Ttopz Ttop,var + Ttop,fix)'
For each of the byte fields fto f+1, with f= 69, 71, ...91, the following yalues are
defined:

The first 5 bits (bits b, to b3) of this byte shall specify the variable part, asfp fraction
of the actual channel bit clock period, as an unsigned binary number j su¢h that:

Ttop,var

j=16x—PY (< j<30)

Byte (f+1):

T
w
The last 3 bits (bits b, to b)) of this byte shall be reserved.

The first 5 bits (bits b, to b3) of this byte shall specify the fixed part as a fraction of
Ty, where Ty =15,15nsat1 x V or Ty =758 ns at 2 x V_,.. The value is expressed
as an unsigned binary number k such that:

k=16x Ttop,fix

(0<k<30)
X
The last 3 bits (bits b, to b)) of this byte shall be reserved.
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Bytes 69 to 76:

These bytes specify the duration of the first pulse of the multi-pulse train for re-
cording marks with run lengths 24T that succeed a space with a run length of 2T,

3T, 4T or 25T (see Annex F for a detailed definition).

Byte 69 and 70 shall represent the duration of the first pulse for recording marks

with run lengths 24T that succeed a space with a run length =5T.

Byte 71 and 72 shall represent the duration of the first pulse for recording marks

with run lengths >4T that succeed a space with a run length of 4T.

Byte 73 and 74 shall represent the duration of the first pulse for recording marks

Bytes 717 to 84:

Bytes §5 to 92:

Bytes 93|to 94:

with runlengths 241 that succeed a space with a run length or 51.

Byte 75 and 76 shall represent the duration of the first pulse for recording-mar
with run lengths 24T that succeed a space with a run length of 2T.

These bytes specify the duration of the first pulse of the multi-pulse train for 1
cording marks with a run length of 3T that succeed a space with ajtun length of
3T, 4T or 25T (see Annex F for a detailed definition).

Byte 77 and 78 shall represent the duration of the first pulsefor recording mar
with a run length of 3T that succeed a space with a run léngth =5T.

Byte 79 and 80 shall represent the duration of the first pulse for recording mar
with a run length of 3T that succeed a space with.a rin length of 4T.

Byte 81 and 82 shall represent the duration of\the first pulse for recording mar
with a run length of 3T that succeed a space with a run length of 3T.

Byte 83 and 84 shall represent the duration of the first pulse for recording mar
with a run length of 3T that succeed a-space with a run length of 2T.

These bytes specify the duration;ef the first pulse of the multi-pulse train for 1
cording marks with a run lengthof 2T that succeed a space with a run lengths
2T, 3T, 4T or =5T (see Annex(F for a detailed definition).

Byte 85 and 86 shall represent the duration of the first pulse for recording mar
with a run length of 2T that succeed a space with a run length >5T.

Byte 87 and 88 shall represent the duration of the first pulse for recording mar
with a run length of 2T that succeed a space with a run length of 4T.

Byte 89 and'90 shall represent the duration of the first pulse for recording mar
with a runlength of 2T that succeed a space with a run length of 3T.

Byte91'and 92 shall represent the duration of the first pulse for recording mar
with/a run length of 2T that succeed a space with a run length of 2T.

T\ p last pulse duration

ks

e-
of

94
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These bytes specify the last pulse length of the multi-pulse train, of the N-1 write
strategy, for recording marks with run lengths of 3T and 24T (see Annex F for a

detailed definition).

The last pulse duration T} p consists of two contributions: a variable partand a fixed

part (Typ = T pyar + Typfix)-
The first 4 bits (bits b, to b,) of this byte shall specify the variable part, as

afraction

of the actual channel bit clock period, as an unsigned binary number s such that:

AL TLPﬁvar LA EH =AY
>—10A kU_b_.L-))
Ty
The last 4 bits (bits b to by) of this byte shall specify the fixed part@@s‘a fraction of
Ty, where Ty =15,15nsat 1 x V or Ty = 7,58 ns at 2 x V.. Thevalde is ¢xpressed
as an unsigned binary number ¢ such that:
Tioe
t=16x—1%  (0<t<15)
Ty
Byte 93: This byte shall specify the duration of the last pulse,of the multi-pulse train for re-
cording marks with run lengths 24T (see Annex’Ffor a detailed definition).
Byte 94: This byte shall specify the duration of thelast pulse of the multi-pulse train for re-
cording marks with a run length of 3T (seé Annex F for a detailed definitjon).
Bytes 95 to 97: dTg start time of space level
The first 6 bits (bits b, to b,) of these bytes shall specify the start time of|the space
level of the N-1 write strategy,succeeding the recording marks with run lengths of
2T, 3T and 24T (positive valiles are leading, negative values are lagging; see Annex F
for detailed definition).
The start time of thesspace level, dTs, is expressed as a fraction of the actugl channel
bit clock period as:asigned two’s-complement binary number u such that:
dT.
u=16x—= " (-24<u<15)
TW
The last.2 bits (bits b; to b)) of these bytes shall be reserved.
Byte 95: This byte shall specify the start time of the space level, of the N-1 writg strategy,
succeeding the recording marks with run lengths 24T.
Byte 96: This byte shall specify the start time of the space level, of the N-1 writq strategy,
succeeding the recording marks with a run length of 3T.
Byte 9% This byte shall specify the start time of the space level, of the N-1 writg strategy,
succeeding the recording marks with a run length of 2T.
Bytes 98 to 99: Unused.
15.8.3.4 Definitions for DI format 2 (N/2 write strategy)
The content of the body of DI units according to format 2 shall be as shown in Figure 78.
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Byte number Content Number of
bytes

0Oto7 DI unit header 8
8to 10 BD layer-type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-pull polarity flag bits 1
15 Recorded-mark polarity flag bits 1
16 BCA descriptor 1
17 Maximum transfer rate 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
40to 43 Maximum HF-modulated read powers 4
44 to 47 Reserved 4
481to 55 Write-power settings 8
56 to 57 Typ Write multi-pulse duration 2
58to 61 dT,,, first-write-pulse start time 4
62 to 69 T, first-write-pulse duration 8
70to 73 T,p last-pulse duration 4
74 to 77 dT; start time of space-level 4
78 to 99 Unused = all 00h 22
100to 111 DI unit footer 12

Bytes O tp 1: Disk information identifier
See 15.8.3.2.
Byte 2: DI formatnumber

Byte 3:

Byte 4:

Byte 5:

Byte 6:

96

Figure 78 — Content of disk information for DI format 2

This byte’shall be set to 02h for disks with BCA code.
This byte shall be set to 82h for disks without BCA code.

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

See 15.8.3.2.

Reserved
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 4Eh indicating that the first 78 bytes of the DI unit are used
and that there is no continuation in the next DI unit. All remaining bytes of the DI unit
body (excluding the bytes in the DI unit footer) are unused and shall be set to 00h.
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Byte 11:
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Reserved
See 15.8.3.2.

BD layer type identifier

These 3 bytes identify the type of the BD layer to which this DI unit applies and shall
be set to 42 44 52h, representing the characters “BDR” in each recordable layer.

Disk size/Class/Version

By

Bits b, 0 b

Bits bs to by:

Bits bs to b:

rte 12:

I'hese 2 bits specity the disk size. They shall be setto 00, indicatinga 120

These 2 bits specify the class number. The class number identifies-BD Tay
same layer type but with different basic specifications.
BD layers according to this document shall have these bits set.fo 00.

Drives that are not familiar with a particular class of layers should not 4
Data zone of such layers (neither for reading, nor for writing).

mm disk.

ers of the

ccess the

These 4 bits specify the version number. They shall be set to 0001, indicating a layer

according to this document.

BD structure

Bits b, to by: These 4 bits specify the total number‘ef BD recording/recorded layers o1} the disk.
On SL disks they shall be set to 0001; indicating one recording layer.
On DL disks they shall be set t00010, indicating two recording layers.
Bits b; to by: 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 0010, indicating a recordable recording layer.
Byte 13: Channel bit length
Bits b, to b,: These 4 bits shall be set to 0000.
Bits b; to by: These 4 bits specify the main data channel bit length, which shall be th¢ same on
all BD recording layers.
They shall be set to as follows:
0001: indicating a channel bit length of 74,5 nm (25,0 GB per layer);
other settings: reserved.
Byte 14: Push-pull polarity flag bits
Bit hl- Eachbithishall cpnrify the pn]nrify ofthe pnch-pn]] cignn] an rnr‘nrding]n:/er Li (See
26.1). They shall be set to as follows:
ZERO: indicating that the push-pull polarity on layer Li is positive;
ONE: indicating that the push-pull polarity on layer Li is negative.
For recording layers that are not present, bit b; shall be set to ZERO.
Byte 15: Recorded mark polarity flag bits
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Bit b;:

Each bit bi shall specify the polarity of the recorded marks on recording layer Li.
They shall be set to as follows:

ZERO: indicating a layer type on which recorded marks have a lower reflectivity

than the unrecorded layer (HTL disks);

ONE: indicating a layer type on which recorded marks have a higher reflectivity

than the unrecorded layer (LTH disks).
For recording layers that are not present, bit b; shall be set to ZERO.

Byte 16:
Bits b, [to by:

Bits bsto by:

Byte 17:

Bytes 18|to 23:

Bytes 24{to 31:

Bytes 24 to 27:

Bytes 28 to 31:

BCA descriptor
These 4 bits shall be reserved.

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

other settings: reserved.
Maximum transfer rate

This byte specifies the maximum read transfer raté needed by the BDAP as a numH

n such that n equals the maximum read transfertrate in Mbit/s (n < 255; M = 109).

n shall be set to 00h, indicating no maximuin transfer rate is specified.

Reserved
These bytes shall be set to all 00hs

Data zone allocation

er

These bytes specify the first physical ADIP address of the data zone of the related layfer.

In each DI unit relatingto layer LO these bytes shall be set to 00 02 00 00h, indicatipg

PAA 131 072 as the first PAA of data zone 0.

In each DI unitirelating to layer L1 these bytes shall be set to a value FAA, which shpll
be 00 26 B1 80h for a disk with a user data capacity of 25,0 GB per layer indicatipg

FAA as thefirst PAA of data zone 1.

Thesebytes specify the last physical ADIP address of the data zone of the related layr.

Iliteach DI unit relating to layer L0 these bytes shall be set to a value LAA, which shpll
be 00 19 4E 7Eh for a disk with a user data capacity of 25,0 GB per layer, indicatipng

LAA as the last PAA of data zone 0.

In each Dl unitrelating to layer L1 these bytes shall be set to 00 3D FF Feh, indicatipg

PAA 4 063230 asthelast PAA of data zone 1

Bytes 32 to 35:

98

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

as defined in this DI unit, as a 2-byte binary number (byte 32 is MSB).
It shall specify the nominal recording velocity as a number n such that:
n=100xV, .,
n shall be equal to:
01 Ech to indicate a nominal recording velocity of 4,92 m/s; or

03 D7h to indicate a nominal recording velocity of 9,83 m/s.

Byte 34:

Byte 35:

Bytes 36 to 39:

Byte 36:

Bytes 37 to 39:

NOTE3.' Forreading atlower velocities than the lowest specified velocity, a reduction of the read po
negessary to guarantee stability of the recordings on the disk.

This byte specifies the maximum recording velocity, to be used with the p4d
as defined in this DI unit.

It shall specify the maximum recording velocity as a number n such that:
n=100xV_../V,om (n2100)

rameters

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

nominal recording velocity.

This byte specifies the minimum recording velogity,to be used with the p3

as defined in this DI unit.

It shall specify the minimum recording velocity as a number n such that:
n=100x Vi, / Vyom (n <100)

om

rameters

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

nominal recording velocity.

Maximum dc read powers

The maximum read powerds defined as the maximum optical power, on the
surface of the disk, atwhich at least 10 successive reads can be applie
degrading the recorded signals (see 30.6). Maximum read powers in 15.§
be greater than-griequal to the read powers defined in 30.6. By default, t}
defined in 30(6 shall be used.

This byte:shall specify the maximum dc read power P, at the reference v
milliwatts, as a number n such that:

15100 x P,
These bytes each shall specify the maximum dc read power P, at a rea

corresponding to the nominal recording velocity as defined in byte 32 and|
DI unit, in milliwatts, as a number n such that:

n=100x P,

entrance
1 without
.3.4 shall
e powers

elocity, in

1 velocity
33 of this

ver can be
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Bytes 40 to 43:

Byte 40:

Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power on the entrance
surface of the disk, at which at least 10 successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.4 shall
be greater than or equal to the read powers defined in 30.6. By default, the powers
defined in 30.6 shall be used.

This byte shall specify the maximum HF-modulated read power P, at the reference
velocity, in milliwatts, as a number n such that:

Bytes 41 to 43:

n=100x P,

These bytes each shall specify the maximum HF-modulated read power Pgata repd
velocity corresponding to the nominal recording velocity as defined in byte 32 ahd
33 of this DI unit, in milliwatts, as a number n such that:

n=100x P,

NOTE 4 |Forreading at lower velocities than the lowest specified velocity, a reduction.of the read power canjbe

necessaryfto guarantee stability of the recordings on the disk.

Bytes 44{to 47:

Bytes 48|to 55:

Byte 48:

Byte 49:

Byte 50:

Byte 51:

Reserved

These bytes shall be set to all 00h.
Write power settings

Pyyp. Piyp can be used as a starting valug for the determination of Py, .. in the OPC

procedure (see Annex G for the detailed procedure).

This byte shall specify the indicagive value Py, of P, in milliwatts, as a numHber

n such that:
n =20 x Pi\p

arget

myyp: myyp can be usedds a starting value for the determination of Py, 4 in the OPC
procedure (see AnnexG for the detailed procedure).

This byte shallspecify the modulation at Py, as determined by the media marju-
facturer, as anumber n such that:

n= 200 X mIND
p: This'byte shall specify the write power multiplication factor p, used in the OPC
algorithm (see Annex G for the detailed procedure), as a number n such that:
n=100xp

egw: This byte shall specify the write-bias/write-peak power ratio egy, used in the
OPC algorithm (see Annex G for the detailed procedure), as a number n such that:

Byte 52:

Byte 53:

100

n =200 x ey

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

algorithm (see Annex G for the detailed procedure), as a number n such that:
n=200x g

&g: This byte specifies the space/write-peak power ratio &g, used in the OPC algorithm

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

n =200 x &g
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k: This byte shall specify the target value for k, used in the OPC procedure (see
Annex G for the detailed procedure), as a number n such that:

n=20xk

B: This byte shall specify the target value for 8, used in the alternative OPC procedure
(see Annex G for the detailed procedure), as a number n such that:

n=500x (f+0.2)

Typ write multi-pulse duration

Byte 56:

Byte 57:

Bytes 58 to 61:

These bytes specify the duration of the second and higher pulses of the leti-pulse
train, of the N/2 write strategy, for recording marks (see Annex Ffer the detailed
definition).

The multi-pulse duration T);p consists of two contributions:'a variable gart and a
fixed part (Typ = Twpyar + Tmpfix)-

The first 5 bits (bits b, to b3) of this byte shall specifj«the variable part, ¢xpressed
as a fraction of the actual channel bit clock period;as an unsigned binary number
p such that:

T
p:16xJ€?EE (0<p<31)

w
The last 3 bits (bits b, to b)) of this byte shall be reserved.

The first 5 bits (bits b, to b3) of these bytes specify the fixed part, expr¢ssed as a
fraction of Ty, where Ty = 15,36\nsat 1 x V_or Ty = 7,58 ns at 2 x V... THe value is
expressed as an unsigned binary number g such that:

T ¢
q:16>< MP,le (

0s5g<31)
X
The last 3 bits (bits b, to b)) of this byte shall be reserved.

dT,

top first write pulse start time

These bytes specify the start time of the first pulse of the multi-pulse train, of the
N/2 Write strategy, for recording marks with run lengths of 2T, 3T, [4T, 6T, 8T], and
[5T))7T, 9T] (positive values are leading, negative values are lagging, se¢ Annex F
for a detailed definition).

The first pulse start time, thOp, is expressed as a fraction of the actual clhannel bit
clock period as a signed two’s- complement binary number i such that:

thop

i=16x (-16<i<15)
W

The last 3 bits (bits b, to b)) of these bytes shall be reserved.

Byte 58:

Byte 59:

The first 5 bits (bits b, to b3) of this byte shall specify the start time of the first
pulse of the multi-pulse train for recording marks with run lengths of [5T, 7T, 9T]
relative to the trailing edge of the first channel bit of the data pulse (positive values
are leading, negative values are lagging, see Annex F for a detailed definition).

The first 5 bits (bits b, to b3) of this byte shall specify the start time of the first
pulse of the multi-pulse train for recording marks with run lengths of [4T, 6T, 8T]
relative to the trailing edge of the first channel bit of the data pulse (positive values
are leading, negative values are lagging; see Annex F for a detailed definition).

© ISO/IEC 2021 - All rights reserved 101


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

ISO/IEC 30190:2021(E)

Byte 60:

Byte 61:

The first 5 bits (bits b, to b3) of this byte shall specify the start time of the first pulse
of the multi-pulse train for recording marks with a run length of 3T relative to the
trailing edge of the first channel bit of the data pulse (positive values are leading,
negative values are lagging; see Annex F for a detailed definition).

The first 5 bits (bits b, to b3) of this byte shall specify the start time of the first pulse
of the multi-pulse train for recording marks with a run length of 2T relative to the
trailing edge of the first channel bit of the data pulse (positive values are leading,
negative values are lagging; see Annex F for a detailed definition).

Bytes 62|to 69:

Byte f:

Byte (f+1):

Bytes 62 to 63:

Bytes 64 to 65:

Bytes 66t0'67:

Tiop first write pulse duration

These bytes specify the duration of the first pulse of the multi-pulse traif,\of the
N/2 write strategy, for recording marks with run lengths of 2T, 3T, [4T, 6T,\8T] apd
[5T, 7T, 9T] (see Annex F for a detailed definition).

The first pulse duration Ty, consists of two contributions: a vayiable part and a

fixed part (Ttop = Ttop,var + Tt

For each of the byte fields fto f+1, with f= 62, 64, 66 and 68jthe following valyes
are defined:

op,fix)'

The first 6 bits (bits b, to b,) of this byte shall represeiit the variable part, expressged
as a fraction of the actual channel bit clock peried, as an unsigned binary numHber
j such that:

Ttop,var

j=lex—— (0<j<46)
TW
The last 2 bits (bits b; to by) of this byte shall be reserved.

The first 6 bits (bits b, to b,) of this byte shall represent the fixed part, as a fractipn
of Ty where Ty = 15,15 ns at 1.x V cor Ty = 7,58 ns at 2 x V. The value is expresspd
as an unsigned binary number k such that:

k=16x Ttop,fix

(0<k<46)
X
The last 2 bits(bits b; to b,) of this byte shall be reserved.

These bytes shall specify the duration of the first pulse of the multi-pulse train,|of
the N/22write strategy, for recording marks with run lengths of [5T, 7T, 9T] (see
Annex-F for a detailed definition).

These bytes shall specify the duration of the first pulse of the multi-pulse train,|of
the N/2 write strategy, for recording marks with run lengths of [4T, 6T, 8T] (see
Annex F for a detailed definition).

These bytes shall specify the duration of the first pulse of the multi-pulse train,|of

Bytes 68 to 69:

102

el

4] ANLLD ik i . £ e 1 il ] | £ A
LTINS 47 WIILT St ditgy, TUT TTLUTUII G TIIdT RS WILIT 4 TUIl ITITZGUIT UL O 1T (SCTT AIILITA

for a detailed definition).

These bytes shall specify the duration of the first pulse of the multi-pulse train, of
the N/2 write strategy, for recording marks with a run length of 2T (see Annex F
for a detailed definition).
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T\ p last pulse duration

These bytes specify the last pulse length of the multi-pulse train, of the N/2 write
strategy, for recording marks with run lengths of [4T, 6T, 8T], and [5T, 7T, 9T]; (see
Annex F for a detailed definition).

The last pulse duration T} p consists of two contributions: a variable partand a fixed
part (Tpp = Trpyar + TLpfix)-
For each of the byte fields fto f+1, with f= 70, 72, the following values are defined.

B_y'ch.

Byte (f+1):

Bytes 74 to 77:

Bytes 70 to 71:

Bytes 72 to 73:

Lanh] il el Ll 1 " 1 Y Ll 1 " 1 1l dedel . 1.1 "

TITETITST O OICS (DIt U7 (0 U3 J O tITS Dy tE SITAIT TEPTESEITC UTE VAT TdDIE PdT G, g xpressed
as a fraction of the actual channel bit clock period, as an unsigned binary number
s such that:

T

LP,var

s=16x——— (0<s5<31)
TW
The last 3 bits (bits b, to b)) of this byte shall be reserved.

The first 5 bits (bits by to b;) of this byte shall represesit the fixed part, asp fraction

of Ty, where Ty =15,15nsat 1 x V or Ty = 7,58 nsat2 x V... The value is ¢xpressed
as an unsigned binary number ¢ such that:

T o e
t=16x LP fix

(0<t<31)
X
The last 3 bits (bits b, to b)) of thisbyte shall be reserved.

These bytes shall specify the.diration of the last pulse of the multi-pulsg train, of
the N/2 write strategy, for reeording marks with run lengths of [5T, 7T} 9T] (see
Annex F for a detailed definition)

These bytes shall specify the duration of the last pulse of the multi-pulsg train, of
the N/2 write strategy, for recording marks with run lengths of [4T, 6T} 8T] (see
Annex F for a détailed definition).

dTg start time of space level

The fir§t)6 bits (bits b, to b,) of these bytes shall specify the start time of|the space
leveljof the N/2 write strategy, succeeding the recording marks with run lengths
ofi2T, 3T, [4T, 6T, 8T] and [5T, 7T, 9T] (positive values are leading, negat{ve values
are lagging, see Annex F for a detailed definition).

The start time of the space level dT is expressed as a fraction of the actugl channel
bit clock period as a signed two’s-complement binary number u such that:

dT,
u=16x—= (-31<u<15)
TW
The last 2 bits (bits b, to b,) of these bytes shall be reserved.

Byte 74:

Byte 75:

This byte shall specify the start time of the space level of the N/2 write strategy
succeeding the recording marks with run lengths of [5T, 7T, 9T].

This byte shall specify the start time of the space level of the N/2 write strategy
succeeding the recording marks with run lengths of [4T, 6T, 8T].
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Byte 76: This byte shall specify the start time of the space level of the N/2 write strategy
succeeding the recording marks with a run length of 3T.

Byte 77: This byte shall specify the start time of the space level of the N/2 write strategy
succeeding the recording marks with a run length of 2T.

Bytes 78 to 99: Unused.

15.8.3.5 Definition for DI format 3 (Castle write strategy)

The contgnt of the body of DI units according to format 3 shall be as shown in Figure 79.
Byte number Content Number of,
bytes
Oto7 DI unit header 8
8to 10 BD layer-type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-pull polarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BCA descriptor 1
17 Maximum transfer rate 1
18 to 23 Reserved 6
24to 31 Data-zone allocation 8
32to 35 Recording velocities 4
36 to 39 Maximum dc read powers 4
40to 43 Maximum HF-modulated ¥ead powers 4
44 to 46 Reserved 3
47 to 55 Write-power settings 9
56 to 58 dT. cooling-leve] start time 3
59 to 67 dT,,, start time of T, level 9
68to 76 T,,, level duration 9
77 T, p last<pulse-level duration 1
78 to 80 dTsStart time of space-level 3
81to 99 Uhused = all 00h 19
100to 111 DI unit footer 12
Figure 79 — Content of disk information for DI format 3
Bytes 0 th 1= Disk information identifier
See 15.8.3.2.
Byte 2: DI format number
This byte shall be set to 03h for disks with BCA code.
This byte shall be set to 83h for disks without BCA code.
Byte 3: Number of DI aux frames in each DI block/Number of the layer to which this
DI unit applies
See 15.8.3.2.
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Byte 4: Reserved.
See 15.8.3.2.
Byte 5: DI unit sequence number in DI block
See 15.8.3.2.
Byte 6: Continuation flag / Number of DI bytes in use in this DI unit
This byte shall be set to 51h indicating that the first 81 bytes of the DI unit are used
and-thatthereisne-continvation-inthenextDlunit-AHremainingbytesofthe Dl unit
o)
body (excluding the bytes in the DI-unit footer) are unused and shall be.get to 00h.
Byte 7: Reserved
See 15.8.3.2.

Bytes 8 to 10:

Byte 11:

Byte 12:

Bits b, to bg:

Bits bg to by:

Bits b; to by:

Bits b, to b,:

Bits b; to by

BD layer type identifier

These 3 bytes identify the type of the BD layer to which/this DI unit applieq and shall
be set to 42 44 52h, representing the characters “BBR” in each recordablg¢ layer.

Disk size/Class/Version
These 2 bits specify the disk size. They shall be set to 00, indicating a 120|mm disk.

These 2 bits specify the class number. The class number identifies BD layjers of the
same layer type but with different-basic specifications.

BD layers according to this doeument shall have these bits set to 00.

Drives that are not familiaftwith a particular class of layers should not gccess the
Data zone of such layers(neither for reading, nor for writing).

These 4 bits specify the version number. They shall be set to 0001, indicating a layer
according to this@oecument.

BD structure

These 4 bits specify the total number of BD recording/recorded layers o1} the disk.
On-SLdisks they shall be set to 0001, indicating one recording layer.
On DL disks they shall be set to 0010, indicating two recording layers.

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

On disks bits b5 to b, shall be set to 0010, indicating a recordable recording layer.

Byte 13: Channel bit length
Bits b, to by: These 4 bits shall be set to 0000.
Bits b; to by: These 4 bits specify the main data channel bit length, which shall be the same on
all BD recording layers.
They shall be set to as follows:
0001: indicating a channel bit length of 74,5 nm (25,0 GB per layer);
other settings: reserved.
Byte 14: Push-pull polarity flag bits
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Bitb;: Each bit b; shall specify the polarity of the push-pull signal on recording layer Li (see
26.1). They shall be set to as follows:
ZERO: indicating that the push-pull polarity on layer Li is positive;
ONE: indicating that the push-pull polarity on layer Li is negative.
For recording layers that are not present, bit b; shall be set to ZERO.
Byte 15: Recorded mark polarity flag bits
Bitb;: baehbibshatspecithe polir olbrecorded ks onrecordinebaver o
They shall be set to as follows:
ZERO: indicating a layer type on which recorded marks have a lower reflectivity
than the unrecorded layer (HTL disks);
ONE: indicating a layer type on which recorded marks have a higher reflectivity
than the unrecorded layer (LTH disks).
For recording layers that are not present, bit b; shall be set 80ZERO.
Byte 16: BCA descriptor
Bits by [to by: These 4 bits shall be reserved.
Bits bs|to by: These 4 bits shall indicate the presence of a BOA“code on this disk as follows:
0000: indicates that there is no BCA code;
0001: indicates that BCA code is present;
other settings, reserved.
Byte 17: Maximum transfer rate
This byte specifies the maximum read transfer rate needed by the BDAP as a number
n such that n equals the maximum read transfer rate in Mbit/s (n < 255; M = 109).
n shall be set to 00h, indicating no maximum transfer rate is specified.
Bytes 18[to 23: Reserved
These bytes shall be set to all 00h.
Bytes 24{to 31: Datazoene allocation
Bytes 34 to 27:  These bytes specify the first physical ADIP address of the data zone of the related laygr.
In each DI unitrelating to layer LO these bytes shall be set to 00 02 00 00h, indicatipg
PAA 131 072 as the first PAA of data zone 0.
In each DI unitrelating to layer L1 these bytes shall be set to a value FAA, which shpll
he 00 26 R1 80h for a disk with a nser data capacity of 25 0 GR per layer, indicatihg
FAA as the first PAA of data zone 1.
Bytes 28to 31:  These bytes specify the last physical ADIP address of the data zone of the related layer.
In each DI unitrelating to layer LO these bytes shall be set to a value LAA, which shall
be 00 19 4E 7Eh for a disk with a user data capacity of 25,0 GB per layer, indicating
LAA as the last PAA of data zone 0.
In each DI unitrelating to layer L1 these bytes shall be set to 00 3D FF fEh, indicating
PAA 4 063 230 as the last PAA of data zone 1.
Bytes 32 to 35: Recording velocities
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These bytes specify the nominal recording velocity, to be used with the parameters

as defined in this DI unit, as a 2-byte binary number (byte 32 is MSB).
It shall specify the nominal recording velocity as a number n such that:
n=100xV, .,
n shall be equal to:
01 eCh to indicate a nominal recording velocity of 9,83 m/s;

03 D7h to indicate a nominal recording velocity of 19,68 m/s; or

Byte 34:

Byte 35:

Bytes 36 to 39:

Byte 36:

Bytes 37 to 89:

0B 86h to indicate a nominal recording velocity of 29,50 m/s.

This byte specifies the maximum recording velocity, to be used withjthe pgrameters

as defined in this DI unit.
It shall specify the maximum recording velocity as a number 7 such that:
n=100xV_../ V,om (n2100)

Here n shall be equal to 64h to indicate a maximumré&cording velocity equal to the

nominal recording velocity.

This byte specifies the minimum recording velacity, to be used with the pgrameters

as defined in this DI unit).
It shall specify the minimum recordingvelocity as a number n such that:
n=100x Vi, / Vyom (n <100)

Here n shall be equal to 64h to ifidicate a minimum recording velocity equal to the

nominal recording velocity.

Maximum dc read powers

The maximum read pewer is defined as the maximum optical power on thg entrance

surface of the diski-at which at least 10 successive reads can be applie

1 without

degrading the-récorded signals (see 30.6). Maximum read powers in 15.§.3.5 shall
be greater thar'or equal to the read powers defined in 30.6. By default, the powers

defined in'30.6 shall be used.

This byte shall specify the maximum dc read power P, at the reference vglocity, in

milliwatts, as a number n such that:
n=100x P,

These bytes each shall specify the maximum dc read power P, at a rea

1 velocity

corresponding to the nominal recording velocity as defined in byte 32 and|33 of this

DI unit, in milliwatts, as a number n such that:
n=100x P,

NOTES rorreddlng at iower VvelocCItles tiiall thie IOWeSt Speclled VEIOCItYy, d Feductlol oI thie read po

necessary to guarantee stability of the recordings on the disk.
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Bytes 40 to 43:

Byte 40:

Maximum HF-modulated read powers

The maximum read power is defined as the maximum optical power on the entrance
surface of the disk, at which at least 10 successive reads can be applied without
degrading the recorded signals (see 30.6). Maximum read powers in 15.8.3.5 shall
be greater than or equal to the read powers defined in 30.6. By default, the powers
defined in 30.6 shall be used.

This byte shall specify the maximum HF-modulated read power P, at the reference
velocity, in milliwatts, as a number n such that:

Bytes 41 to 43:

n=100x P,

These bytes each shall specify the maximum HF-modulated read power Pgata repd
velocity corresponding to the nominal recording velocity as defined in byte 32 ahd
33 of this DI unit, in milliwatts, as a number n such that:

n=100x P,

NOTE 6 |Forreading at lower velocities than the lowest specified velocity, a reduction.of the read power canjbe

necessaryfto guarantee stability of the recordings on the disk.

Bytes 44|to 46:

Bytes 47|to 55:

Byte 47 to 48:

Byte 49:

Byte 50:

Byte 51:

Reserved
These bytes shall be set to all 00h.

Write power settings

Pjyp: Piyp can be used as a starting valyg for the determination of Py, 4. in the OPC
procedure (see Annex G for the detailed procedure).

These bytes shall specify the indj¢ative value Py of P in milliwatts, as a num-

ber n such that:
n =20 x Pi\p
Bit b, of Byte 47 is msh:and bit b, of Byte 48 is Isb.

target’

myyp: myyp can besed as a starting value for the determination of Py, 4 in the OPC
procedure (see-Annex G for the detailed procedure).

This byte shall specify the modulation at P}y, as determined by the media marfu-
facturer, as/a number n such that:

n= 200 X mIND

p« This byte shall specify the write power multiplication factor p, used in the OPC
algorithm (see Annex G for the detailed procedure), as a number n such that:

n=100xp

&y This byte shall specify the middle/write-peak power ratio &, used in the OPC

Byte 52:

Byte 53:

108

algorithm (see Annex G for detailed procedure), as a number n such that:
n =200 x gy
£c: This byte shall specify the cooling/write-peak power ratio &¢, used in the OPC
algorithm (see Annex G for the detailed procedure), as a number n such that:
n=200x¢gc
&g: This byte shall specify the space/write-peak power ratio &g, used in the OPC
algorithm (see Annex G for the detailed procedure), as a number n such that:
n =200 x &g

© ISO/IEC 2021 - All rights reserved


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

Byte 54:

Byte 55:

Bytes 56 to 58:

ISO/IEC 30190:2021(E)

k: This byte shall specify the target value for k, used in the OPC procedure (see
Annex G for the detailed procedure), as a number n such that:

n=20xk

B: This byte shall specify the target value for 8, used in the alternative OPC procedure
(see Annex G for the detailed procedure), as a number n such that:

n=500x(£+0,2)

dT. cooling level start time

Byte 56:

Byte 57:

Byte 58:

Bytes 59 to 67:

By#tes(59 to 61:

These bytes specify the cooling level start time for writing pulse, of the Cattle write
strategy, for recording marks with run lengths of 3T, 4T and =5T (see/Afpnex F for
a detailed definition).

The first 6 bits (bits b, to b,) of these bytes shall specify the start time asp fraction
of the actual channel bit clock period as a signed two's-complement binarly number
k such that:

dT
k=16x—< (-31<k<8)
Ty
The last 2 bits (bits by to b,) of these bytes shall'be reserved.

This byte shall specify the start time of thé.cooling level of the writing pullse, of the
Castle write strategy, for recording marks with run lengths =5T.

This byte shall specify the start time of the cooling level of the writing pullse, of the
Castle write strategy, for recaording marks with a run length of 4T.

This byte shall specify thestart time of the cooling level of the writing pullse, of the
Castle write strategy, fot\recording marks with a run length of 3T.

dT,

top level

start time of Ty,

The first 5 bits'(bits b; to b3) of these bytes shall specify the start time ¢f the T,
part of the writing pulse, of the Castle write strategy, for recording markg with run
lengths 2T, 3T and 24T that succeed a space with run lengths of 2T, 3T, or 24T (see

Annex for detailed definition).

The first pulse start time dT, is expressed as a fraction of the actual channel bit
cloek period as a signed two’s-complement binary number i such that:

thop

i=16x

(-16<i<15)
TW
The last 3 bits (bits b, to b)) of these bytes shall be reserved.

These bytes specify the start time of the first pulse of the multi-pulse train for re-
cording marks with run lengths 24T that succeed a space with run lengthg§ of 2T, 3T,

or 24T space, relative to the trailing edge of the first channel bit of the data pulse
(positive values are leading, negative values are lagging; see Annex F for a detailed
definition).

Byte 59 shall represent the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run length =4T.

Byte 60 shall represent the start time of the first pulse for recording marks with
run lengths 24T that succeed a space with a run length of 3T.

Byte 61 shall represent the start time of the first pulse for recording marks with
run lengths 4T that succeed a space with a run length of 2T.
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Bytes 62 to 64:

Bytes ¢

Bytes 68

Bytes ¢

to 76:

5to 67:

8to 70:

These bytes specify the start time of the first pulse of the multi-pulse train for re-
cording marks of a run length of 3T that succeed a space with a run length of 2T, 3T
or 24T, relative to the trailing edge of the first channel bit of the data pulse (positive
values are leading, negative values are lagging; see Annex F for a detailed definition).

Byte 62 shall represent the start time of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length >4T.

Byte 63 shall represent the start time of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length of 3T.

yte p p
run length of 3T that succeed a space with a run length of 2T.

These bytes specify the start time of the first pulse of the multi-pulse train for
recording marks with a run length of 2T that succeed a space with a cun length|of
2T, 3T or 24T , relative to the trailing edge of the first channel bit of\the data pulse
(positive values are leading, negative values are lagging; see Annex F for a detailed
definition).

Byte 65 shall represent the start time of the first pulse forrecording marks with a
run length of 2T that succeed a space with a run length’>4T.

Byte 66 shall represent the start time of the first pulse for recording marks with a
run length of 2T that succeed a space with a rundength of 3T.

Byte 67 shall represent the start time of the first pulse for recording marks with a
run length of 2T that succeed a space withayun length of 2T.

Tiop level duration

These bytes specify the duration efithe T;,, level of the write pulses, of the Castle
write strategy, for recording matks with run lengths 2T, 3T and 24T that succepd
a space with a run length of 2T, 3T or 24T (see Annex F for a detailed definition)

The first 6 bits (bits b; to.b,) of these bytes shall specify the length of the T, level,
as a fraction of the actual channel bit clock period, as an unsigned binary numl: er
j such that:

T,
j=16x—2 ((0< j<46)
TW
The last.2 bits (bits b; to by) of these bytes shall be reserved.

Thesebytes specify the duration of the T, level of the write pulses for recordipg
marks of run lengths =4T that succeed a space with a run lengths of 2T, 3T or 24T
(see Annex F for a detailed definition).

Byte 68 shall represent the duration of the first pulse for recording marks with riin
lengths 24T that succeed a space with a run length >4T.

Byvte 69 shall represent the duration of the first pulse for recording marks with riin
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lengths 24T that succeed a space with a run length of 3T.

Byte 70 shall represent the duration of the first pulse for recording marks with run
lengths 24T that succeed a space with a run length of 2T.
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These bytes specify the duration of the first pulse of the multi-pulse train for record-
ing marks with a run length of 3T that succeed a space with a run lengths of 2T, 3T
or 24T (see Annex F for a detailed definition).

Byte 71 shall represent the duration of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length >4T.

Byte 72 shall represent the duration of the first pulse for recording marks with a
run length of 3T that succeed a space with a run length of 3T.

Byte 73 shall represent the duration of the first pulse for recording marks with a

Bytes 74 to 76:

Byte 77:

Bytes 78 to 80:

runlength or 51 that succeed a space with arun length or Z1.

These bytes specify the duration of the first pulse of the multi-pulse ‘trgin for re-
cording of marks with a run length of 2T that succeed a space witha run|length of
2T, 3T or 24T (see Annex F for a detailed definition).

Byte 74 shall represent the duration of the first pulse forrecording marks with a
run length of 2T that succeed a space with a run length=4T.

Byte 75 shall represent the duration of the first pulséfor recording marks with a
run length of 2T that succeed a space with a runlength of 3T.

Byte 76 shall represent the duration of the fixst pulse for recording margks with a
run length of 2T that succeed a space withra'ruin length of 2T space.

T|p last pulse level duration

This byte specifies the last pulse levellength of the write pulses, of the Cafstle write
strategy, for recording marks with run lengths 24T (see Annex F for g detailed
definition).

The first 5 bits (bits b, to bz} of this byte shall specify the length of T p, asfa fraction
of the actual channel bit\clock period, as an unsigned binary number s sufh that:

Tip
s=16x—— (0<s<31)
Ty
The last 3 bits-(bits b, to b)) of this byte shall be reserved.

dTg starttime of space level

The first 6 bits (bits b, to b,) of this byte shall specify the start time of the space level,
of'the Castle write strategy, succeeding the recording of marks with run lengths of
2T, 3T and 24T (positive values are leading, negative values are lagging; see Annex F
for detailed definition).

The start time of the space level dT is expressed as a fraction of the actugl channel
bit clock period as a signed two’s-complement binary number u such that:

dT.
u=16x—= (-31<u<15)

AL

Byte 78:

Byte 79:

Byte 80:

Bytes 81 to 99:

The last 2 bits (bits by to by) of these bytes shall be reserved.

This byte shall specify the start time of the space level of the writing pulse, of the
Castle write strategy, succeeding the recording of marks with run lengths 24T.

This byte shall specify the start time of the space level of the writing pulse, of the
Castle write strategy, succeeding the recording of marks with a run length of 3T.

This byte shall specify the start time of the space level of the writing pulse, of the
Castle write strategy, succeeding the recording of marks with a run length of 2T.

Unused.
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15.8.3.6 Write strategy requirements

The write strategy requirements for disks according to this specification are shown in Figure 80.

Disk type Recor@ing Write strategy
velocity N-1 N/2 Castle
1x Mandatory Optional —
HTL 2X Optional? Optional? Optional
4x — — Mandatory
6X — — Mandatory
LTH 1x Mandatory Optional —
2X Optional? Optional? Optional
4x — — Mandatory
6x — — Mandatory,

Castle write strategy is allowed for 4x and 6x disks only.
See also Figure 5.

— Not allowed in this document.

2 At least one of the two write strategies shall be present-and they
shall be defined as most-preferred write strategydor compatibility
with 2x only devices.

Figure 80 — Write strategy type requirements

15.8.3.7 |Usage of DI units for write strategy

By using fhe concept of multiple DI units, identified by their DI format number (byte 2), the BD syst¢m
facilitate§ the (future) use of disks with different recording velocities and with one, two or mdre
recording layers, while keeping backwards compatibility in the best possible way.

Generally, each different recording)velocity can need a different write strategy (different set |of
parametdrs), which write strategy furthermore can depend on the applied technology.

Additionglly, each recordingayer can need a different set of values for the write strategy parameters.
Examplek of DI sequerce for 2x disks, 4x disks and 6x disks
2x disks

So-called|2x disks (applicable recording velocities shall be one time the reference velocity and tyvo
times the|reference velocity), can have one (SL disk) or two (DL disk) recording layer(s).

These disks shall contain at least 2 DI units for each recording layer, one containing the parameters for
1x recording velocity and the other containing the parameters for 2x recording velocity (see Figure 81).

Additional DI units, containing alternative write strategy parameter sets, may be added in order of
preference (see Figure 75).

In the DI unit defining the parameters for 1x recording velocity, bytes 32 to 35 are set as follows:
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Bytes 32 to 33: These bytes are set to 01 ECh to indicate a nominal recording velocity of 4,92 m/s;

Byte 34: This byte is set to 64h to indicate a maximum recording velocity equal to the
nominal recording velocity;

Byte 35: This byte is set to 64h to indicate a minimum recording velocity equal to the
nominal recording velocity.

In the DI unit defining the parameters for 2x recording velocity, byte 32 to 35 are set as follows:

Byftes 32 to 33: These bytes are set to 03 D7h to indicate a nominal recording velocity of P,83 m/s;

Byfte 34: This byte is set to 64h to indicate a maximum recording velocityéequyal to the
nominal recording velocity;

Byfte 35: This byte is set to 64h to indicate a minimum recording velocity eqygal to the
nominal recording velocity.
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2x disk (DL) with
2x disk (SL) with 1x and 2x N-1 (Layer LO)
1x N-1 and 2x N/2 and
write strategy 1x N-1and 2x N/2 (Layer L1)
write strategy
Byte 2:DI-format number 1 Byte 2: DI-format number 1
Byte 3::# of DIs / L# 2/0 Byte 3: # of DIs / L# 4/0
Byte 4: --- Q0h Byte 4: --- 00h
Byte[5: sequence # 0 Byte 5: sequence # 0
msb pf byte 6: 0 msb of byte 6: 0
Byte|32 to 35: Velocity 1x Byte 32 to 35: Velocity 1x
Byte|36 to 85: WS N-1 Byte 36 to 85: WS N-1
Byte[2: DI-format number 2 Byte 2: DI-format number 1
Byte|3: :# of DIs / L# 2/0 Byte 3: # of DIs / L# 4/1
Byte4: --- 00h Byte 4: --- 00h
Byte[5: sequence # 1 Byte 5: sequence # 1
msb pf byte 6: 0 msb of byte 6: 0
Byte|32 to 35: Velocity 2x Byte 32 to 35: Velocity 1x
Byte|36 to 77: WS N/2 Byte 36:£0-85: WS N-1
Byte2: DI-format number 1
Repeat
Byte 3: # of DIs / L# 4/0
Byte 4: --- 00h
Byte 5: sequence # 2
msb of byte 6: 0
Byte 32 to 35: Velocity 2x
Byte 36 to 85: WS N-1
Byte 2: DI-format number 2
Byte 3: # of DIs / L# 4/1
Byte 4: --- 00h
Byte 5: sequence # 3
msb of byte 6: 0
Byte 32 to 35: Velocity 2x
Byte 36 to 77: WS N/2
Repeat

Figure 81 — Example of DI sequence for 2x disks

4x disks

Parameters in this document have been defined for so-called 4x disks (applicable recording velocities
shall be one time, two times and four times the reference velocity), which can have one (SL disk) or
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two (DL disk) recording layer(s) (see Figure 82). Each recording layer shall fulfil the write strategy
requirements as indicated in Figure 80.

These disks shall contain at least 3 DI units for each recording layer, one containing the parameters
for 1x recording velocity, one containing the parameters for 2x recording velocity one containing
the parameters for 4x recording velocity. Additional DI units, containing alternative write strategy
parameter sets, may be added in order of preference (see Figure 75).

In the DI unit defining the 1x recording parameters, bytes 32 to 35 are set as follows:

By

By

In
fo

By
By

By

In
fo

By

By

By

te 34:

te 35:

This byte is set to 64h to indicate a maximum recording velocityyeq
nominal recording velocity;

This byte is set to 64h to indicate a minimum recording-Velocity eqt
nominal recording velocity.

the DI unit defining the 2x recording parameters for 2x recording veloeity, bytes 32 to 35

lows:

tes 32 to 33:

te 34:

te 35:

These bytes are set to 03 D7h to indicate a nothinal recording velocity of

,92 m/s;

al to the

1al to the

are set as

D,83 m/s;

This byte is set to 64h to indicate a maximum recording velocity eqyal to the

nominal recording velocity;

This byte is set to 64h to indicate’a minimum recording velocity equ
nominal recording velocity.

the DI unit defining the 4x recording parameters for 4x recording velocity, bytes 32 to 35

lows:

te 32 to 33:

te 34:

te 35:

These bytes are setito 07 BOh to indicate a nominal recording velocity of 1

1al to the

are set as

9,68 m/s;

This byte is set to 64h to indicate a maximum recording velocity eqyal to the

nominal recording velocity;

This byte is set to 64h to indicate a minimum recording velocity equ
nominal recording velocity.

1al to the
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4x disk (SL) with ) 4x disks (DL) with
1x N-1 and 2x N/2 X, 2x N-1 and 4x castle
(layer LO) and 1x N-1 and 2x N/2
and 4x castle
. and 4x castle (layer L1)
write strategy .
write strategy
Byte 2: DI-format number 1 Byte 2: DI-format number 1
Byte 3: :# of DIs / L# 3/0 Byte 3: # of DIs / L# 6/0
Byte 4: --- 00h Byte 4: --- 00h
Byte 5: sequence # 0 Byte 5: sequence # 0
msh of byte 6- 0 msh of byte 6- 0
yte 32 to 35: Velocity 1x Byte 32 to 35: Velocity 1x
yte 36 to 85: WS N-1 Byte 36 to 85: WS N-1
I
yte 2: DI-format number 2 Byte 2: DI-format number 1
yte 3: :# of DIs / L# 3/0 Byte 3: # of DIs / L# 671
yte 4: --- 00h Byte 4: --- 00h
yte 5: sequence # 1 Byte 5: sequence # 1
sb of byte 6: 0 msb of byte 6: 0
yte 32 to 35: Velocity 2X Byte 32 to 35: Velocity 1x
yte 36 to 77: WS N/2 Byte 36 to 85: WS N-1
yte 2: DI-format number 3 Byte 2: DI-format number 1
yte 3::# of DIs / L# 3/0 Byte 3: # of DIs 4AL# 6/0
yte 4: --- 00h Byte 4: --- 00h
yte 5: sequence # 2 Byte 5: sequénce # 2
sb of byte 6: 0 msb of byte 6: 0
yte 32 to 35: Velocity 4x Byte 32 to 35: Velocity 2X
yte 36 to 80: WS Castle Byte 36 to 85: WS N-1
Repeat Byte 2: DI-format number 2
Byte 3: # of DIs / L# 6/1
Byte 4: --- 00h
Byte 5: sequence # 3
msb of byte 6: 0
Byte 32 to 35: Velocity 2X
Byte 36 to 77: WS N/2
Byte 2: DI-format number 3
Byte 3: # of DIs / L# 6/0
Byte 4: --- 00h
Byte 5: sequence # 4
msb of byte 6: 0
Byte 32 to 35: Velocity 4x
Byte 36 to 80: WS Castle
Byte 2: DI-format number 3
Byte 3: # of DIs / L# 6/1
Byrte4- 004
Byte 5: sequence # 5
msb of byte 6: 0
Byte 32 to 35: Velocity 4x
Byte 36 to 80: WS Castle

Figure 82 — Example of DI sequence for 4x disks

6x disks

Parameters in this document have been defined for so-called 6x disks (applicable recording velocities
shall be one time, two times, four times and six times the reference velocity), which can have one (SL
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disk) or two (DL disk) recording layer(s) (see Figure 83). Each recording layer shall fulfil the write
strategy requirements as indicated in Figure 80.

These disks shall contain at least 4 DI units for each recording layer, one containing the parameters
for 1x recording velocity, one containing the parameters for 2x recording velocity, one containing the
parameters for 4x recording velocity and one containing the parameters for 6x recording velocity.
Additional DI units, containing alternative write strategy parameter sets, may be added in order of
preference (see Figure 75).

In the DI unit defining the 1x recording parameters for 1x recording velocity, bytes 32 to 35 are set as

foHows:

Byftes 32 to 33:

Byte 34:

Byte 35:

In[the DI unit defining the 2x recording parameters for 2x recording-ve€locity, bytes 32 to 35

follows:

Byftes 32 to 33:

Byte 34:

Byfte 35:

In|the DI unit defining the 4x recording pasameters for 4x recording velocity, bytes 32 to 35

follows:

Byftes 32 to 33:

These bytes are set to 01 ECh to indicate a nominal recording velogity of 4

1,92 m/s;

This byte is set to 64h to indicate a maximum recording velocity eqyal to the

nominal recording velocity;

This byte is set to 64h to indicate a minimum recording velocity eqy
nominal recording velocity.

These bytes are set to 03 D7h to indicaté a hominal recording velocity of

1al to the

are set as

D,83 m/s;

This byte is set to 64h to indicate;amaximum recording velocity eqyal to the

nominal recording velocity;

This byte is set to 64h to indicate a minimum recording velocity eqy
nominal recording velocity:

These bytes are’set to 07 BOh to indicate a nominal recording velocity of 1

1al to the

are set as

9,68 m/s;

1al to the

are set as

9,50 m/s;

al to the

Byte 34: This byte\s set to 64h to indicate a maximum recording velocity eqyal to the
nominalrecording velocity;

Byfte 35: This byte is set to 64h to indicate a minimum recording velocity eqt
nominal recording velocity.

In|the DI unit defining the 6x recording parameters for 6x recording velocity, bytes 32 to 35

follows:

Bytes32to 33: These bytes are set to 0B 86h to indicate a nominal recording velocity of 2

B} tC J‘Al‘- Tllib lLJ_)"l:lZ: ib th ‘l:U ()4‘11 tU iudibatc d lllClAilllulll I'TLUI dills VC}ULity <Y
nominal recording velocity;

Byte 35 This byte is set to 64h to indicate a minimum recording velocity equal to the

nominal recording velocity.

© ISO/IEC 2021 - All rights reserved

117


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

2021(E)

ISO/IEC 30190

jeaday

apse) SM :08 01 9¢ 2149 Z/N SM :LL 01 9€ 2149
X9 £DO[A :GE 03 7€ 9hg Xz £DO[AA :GE 03 7€ 91hg
0 19 914q Jo qswt 0 19 914q Jo qsw

Vi # gouanbas :g 914g ¢ # 9ouanbas :g 914g
400 --- i 94g 100 - 914g
1/8 #71 [ s1ajo # € a4g 1/8 #71/S1ajo # € a4g
€ JIaquinu JpuLio-I( :Z 9349 Z JIaquinu jeulioj-[( :Z 9349
apse) S\ 108 01 9¢ 214y 1-N SM 58 01 9¢ 94g
X9 AD0[4A :GE 03 7€ 91hg XZ AJDO[DA :GE 03 7€ 91hg
0 19 914q Jo qsw 0 19 914q Jo qswt

9 # gouanbas :g 914g Z # 9ouanbas :g 914g
400 --- 1 2149 400 - 1 94g
0/8 #71[ s1ajo # :¢ 914g 0/8 #1/S1AJo # ¢ 914g
< Jlaquinu Jpurioj-1( :Z a4g 1 JIaquIfiyleurio)-1( iz 949
o[se) SV 108 03 9¢ 214g I-N SM768 01 9¢ 9149
Xy ApofgA :5€ 01 7€ 914g XT Apopap :5E.01 7€ 214
0 19 914q Jo qsw 0 :9 934q jo qsw

S # $ouanbas :g 914g T # 90uanbas’g 3)4g
400 --- 1 9149 100 - 1 90Ag
1/8 #1 [ s1ajo # :¢ 914g 1/8 #71/S1AJo # :¢ 9144
< Jlaquinu Jpurioj-1( :Z a4g 1 JIaquinu Jeurioj-1( :z a4g
o[se) SV 108 03 9¢ 214g I-N SM :68 01 9¢ 9149
Xt A100[qA :GE 03 7€ 214d XT AY00[A :GE 03 7€ 214d
0 19 914q Jo qswt 0 19 914q Jo qswt

% # Jouanbas :g 914g 0 # 9ouanbas :g 214g
400 - i 91hg 400 --- 1y a1hg
0/8 #71 [ S14J0 # :€ 91g 0/8 #1/ 51040 # '€ kg
¢ Jaquinu lpuLioJ-1(d :Z wu%m T Jaquinu jeurlo)-[( 2 wu%m

A83reqys LM

(171 194]) a11sEI X9 ‘ X puR 7/N X7 pue [-N X[ pue
(071 194€]) 335€D X9 ‘X pUE T-N XZ ‘ XT YIIM YSIP X9

wadoay

apse) SM :08 03 9¢ 9149
X9 AypolaA ¢ 03 7€ a4g
0 :9 914q Jo qswt
€ # 9ouanbas :g 914g
400 - iy g

oF 1/ 51040,
I J9qUINU JeuLIo}-]( :Z 9349
9[3se) SM 08 03 9¢ a4g
X¥ £IPO[AA :GE 03 7€ 91hg
0 19 914q Jo qsw
z # 9ouanbas :g 914g
400 --- 1 2144
0/% #1/s1ajo #: :¢914g
€ JI9quifiu Jeur1o)-1( :Z a4g
Z/N SM:LL 019€ kg
Xz £PO[AA :GE 03 7€ 9149
0 19 914q Jo qsw
1 # 9ouanbas :g 914g
400 --- 1 2144
0/% #71/s1ajo #: :¢ kg
Z Jaquuipu jeuLioJ-[( ‘2 wu%m
T-N SM :68 01 9¢ 214g
XT APO[AA :GE 03 7€ 9149
0 19 914q Jo qsw
0 # 9ouanbas :g 214g
400 --- 1 2144
0/% #71/s1ajo #: ;¢ kg
T Jaquuipu jeuLio)-[( 2 wu%m

A831813S 911IM
9ISk X9 'X§ pue

7/NXZ pue T-NXE :13 HSIp X9

Figure 83 — Example of DI sequence for 6x disks
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16 General description of information zone

16.1 General

The information zone, which contains all information on the disk that is relevant for data interchange,
is located in the information area extending from dq to d;,. (see 10.8.1 and Figure 16).

The inner part of inner zone 0 (protection zone 1 + PIC) shall contain HFM groove which can carry
replicated information about the disk. The other parts of inner zone(s), data zone(s) and outer zone(s)
nstitute the recordable area in which the information can be recorded on the wobbled groove(s).

co

F
T}

zone 0 and a lead-out zone (outer zone 0) (see Figure 84).

T}

control information and an area for disk and drive testing. The lead-eut'zone allows for a sm

oy

T}

zone 0 and an outer zone 0 on layer LO and an outer zéne 1, a data zone 1 and a lead-out zon

in

D3

contain replicated and recordable control information and an area for disk and drive testing. o

0
in

1!
TH

1]7.2 Format of information zone on single-layer disk

16.3 Format of information zone on dual-layer disk

r consistency reasons, the sole recording layer on an SL disk is also called layer L®0:

e information zone on SL disks is divided in three parts: a lead-in zone (part.ef inner zone

e data zone is intended for recording user data. The lead-in zone contaiils replicated and r

t and also contains control information.

e information zone on DL disks is divided in six parts:a lead-in zone (part of inner zone

her zone 1) on layer L1 (see Figure 84 and Figure 85)).

ta zone 0 and data zone 1 are intended for reécording user data. The lead-in zone and lead

ind outer zone 1 allow for a smooth runsin/run-out for their respective layer and also conta
formation.

/ Layout of recordable area of information zone

e recordable area of the\information zone is constituted from parts of the inner zone(s)

\Y%

TH
of

T}

zgne(s) and the outer zone(s). The starting radii for the zones indicated in Figure 84 are th¢
|

ues of the centre of the first/last groove track in those zones.

e physical ADIP.addresses (PAA) shown in Figure 84 are the first/last addresses in the groq
each zone. Adsoythe numbers of physical clusters (RUBs) that can be recorded per zone are

e values'given in Figure 84 are for a disk capacity of 25,0 Gbytes or 50,0 Gbytes.

0), a data

bcordable
poth run-

0), a data
e (part of

-out zone
uter zone
n control

the data
b nominal

ve tracks
ndicated.
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. First PAA
Descrip- I;I’?arleclirrllal of zone Number
Layer LO tionp ra diusg : of phys.
Last PAA clusters
(mm)
of zone
First transition area Ending radius 11,5 mm
Starting radius 11,5 mm
Clamping zone
Ending radius 16,5 mm
Starting radius 16,5 mm
Second fransition area
Ending radius 21,0 mm
Starting wATE "
radius 21,0 WdePIteh™ gy
mm g
0 N4
Protection 222 (b
zone 1
Embossed =
HFM l‘%@t AUN =
(HFM @ D 8E COh
roove) 22, 512\ 2720
& PIC s\ Last AUN = (x4KB)
/’ 00 0D A3 FEh)
Protection 01 BA‘L 80h
zone 2 23,252 . 224
Lead-in 01 B7 FEh
e 01 B8 00h
(part of INE@2 23,289 o1 B]:3 - 256
inner
zone 0) | 01 BC 00h
K\ 23,329 :
l OPCO 01 DB FEh 2 048
1. . (@)
Inform3tion| Information B\ 01 DC 00h
ared zone N~
Q) 23,647 : 2 048
L N TDMAO 01 FB FEh
Tracki 01 FC 00h
direction | Recordable INFO1 | 23,961 : 256
(wobbled 01 FF FEh
groove) 02 00 00h
Data :
zone 0 24,000 : 381 854
LAA
LAA + 2h
; .
Lead-out INFO 34 58,000 : 268
zone LAA + 4 30h
/ LAA + 4 32h
Outer DCZ 0 58017 : 512
zone 0 LAA + C 30h
Protection 58,049 LAA +.C 32h .
zone 3
Ending radius 58,5 mm
Rim area Starting radius 58,5 mm

Figure 84 — Layout of information zone on layer LO

The values given in Figure 85 are for a disk capacity of 50,0 Gbytes.
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. Last PAA
Nom_mal of zone
Layer L1 Descrip- igg:ﬁsg : l(\)I;m;lbir
tion First PAA Pys.
(mm) of zone clusters
Ending radius “Wide pitch”
21,0 mm groove
Wobbled Protection| ., , :
BTOUVE ZOTEe T SES400h
3E 93 FEh
Butfer -1 22,512 : 1408
3E 7E.00h
3E\7D FEh
22,740 : 2 048
OPC1 3E 5E 00h
Buffer 3E 5]_) FEh
23,067 :
zone 3E 48 00h 1408
Lead-out
( zor;e c 3E 47 FEh
parto 23,289 :
inner INFO 2 3E 44 00h 256
zone 1)
Tracking [ 23329 3E 4? FEh
[nformation direction %\@ TDMA 1 ’ 3E 24 00h 2048
area T | Recordable | <8 3E 23 FEh
Information | tecordanle 1. & Reserved | 23,647 :
zone (wobbled [\~ 3E 04 00h | [¢ 048
1 groove)
3E 03 FEh
23,961 : 256
INFO 1 3E 00 00h
3D FF FEh
Data 24,000 : 381 856
zone 1 ’ :
FAA?
FAA - 2h
58,000 :
INFO 3/4 FAA — 4 30h 268
Outer FAA -4 32h
zone 1 DCZ 1 : 512
58,017 |EaA -'c 30n
Protection| r~g,,o |FAA-C32h| |
zone 3 RO :
Starting radius 58,5 mm
2FAA = LAA 4 C0 00 01h (see 15.7.4.3)
Figure 85 — Layout of information zone on layer L1
Physical sector numbering
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A cluster contains 32 physical sectors, and each physical sector contains 2K data bytes. Although their
numbers are not included in the data recorded on the disk, each physical sector is associated with a
(virtual) physical sector number (PSN).

The PSNs increase by one for each successive physical sector in the tracking direction of the related
recording layer.

The PSN of the first physical sector of each physical cluster is a multiple of 32.
Bits PS3; to PS,; of the PSN shall be reserved.

Bits PS, fo 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 BSN in the data zone 0 is 8 x LAA + 15, which is 00 CA 73 FFh on a 25,0 GB and 50{0\GB disk.
The first PSN in the data zone 1 is 8 x FAA, which is 01 35 8C 00h on a 50,0 GB disk.

The last BSN in the data zone 1 is 01 EF FF FFh.

Set to
layer number Physical sector number (PSN)

]

NISB l l l LSB
P

S D

3 8

\S]eplge]
1N
e 2law)
ong

| \S1eplav]
NNTT
NN

O\ WD

U1—WnNg
wn

~NnNT

In cluster
count ZERO

/_/H
Address-unit number (AUN)
YYVYYYYYY YYVYVVYYYY YYVYVYVYVYYY vw\illl
TTRRIR I OlE o [T TRl T Tl
U u| (U|U Uy
3 2|2 2 2 1 1
2 5| & é 8 7 54 1({0
Set to
00,01, 10
consecutively
YVY Y N YYVYVYY V\V\Vil
AT [AlA AlA A
21| 2 1| ] A
3 110 716 5 8 ’ 2110

Physical ADIP address (PAA)

Figure 86 — Physical ADIP addresses derived from PSNs

These PSNs are converted to address unit numbers, which shall be recorded in the BIS columns of the
ECC clusters (see 13.9.2).

Finally, a physical ADIP address is derived from the PSN/AUN as defined in Figure 86. This PAA identifies
the location on the disk where the data shall be recorded.
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18 Inner zone

18.1 General

On layer LO, the innermost zone of the information zone is called the lead-in zone. On layer L1, the

innermost zone of the information zone is called the lead-out zone.

Inner zone 0 contains an embossed HFM area and a recordable area. Inner zone 1 contains an embossed

wobbled part and a recordable area (see Figure 87 and Figure 88).

In[the embossed HFM area on layer L0, all grooves shall be encoded according to the formg
in[15.5.

On layer LO this encoding shall start at a radius 22,29'(?1 mm, such that the AUN of thefirst cly
bg AUN = 00 0D 85 F4h.

t defined

ster shall

The addressees shall be continuously increasing as described in 15.5:3.2, and shall pnd with

AUN =00 0D A3 FEh in the last 4K cluster at the outermost radius of the PI€ Zone.

In[protection zone 1 of inner zone 0, the content of the data frameg-can be set to all 00h o
edual to the content in the PIC zone.

The protection zone 1 is intended to protect against overwritifig of the PIC zone by BCA code.

In|the permanent information and control data (PIC) zone(s), general information about the
various other information can be stored in the embossed;HFM groove.

it can be

disk and

In|the recordable area and the wobbled groove area-{protection zone 1 on layer L1), all grooye(s) shall

bd wobbled as defined in 15.6.

The recordable area of the inner zone(s) is used to execute OPC (optimum power control) p1
arld to store specific information about.the disk, such as disk management information an
information. Also, a zone has been resetved where drives can store their own specific inform:

ocedures
d control
htion.
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Inner Description First PAA | Number of Purpose
zone 0 of zone | phys. clusters
Protection . . .
zone 1
Embossed PIC . . Permanent information
HFM and control data zone
Przosfl‘;tiz"“ 01 B4 80h 224
Reserved 8 01T B8 00N 32 Future extension
Reserved 7 01 B8 80h 32 Future extension
Reserved 6 01 B9 00h 32 Future extension
INFO 2 Reserved 5 01 B9 80h 32 Future extension
PAC 2 01 BA 0OOh 32 Physical-aé¢ess control
4 DMA 2 01 BA 80h 32 Disk'management
Recordable Control data2 | 01 BB 00h 32 Data information
J Buffer 2 01 BB 80h 32 ---
Tracking|direction OPC 0 Test zone 01 BC 00h 2 044 OPC testing
OPC 0 buffer |01 DB FOh 4 buffer
TDMA 0 --- 01 DC 00h 2048 Temporary DM area
Pre-write area | 01 FC 00h 32 Drive calibration
Drive area 01 FC 80h 32 Drive-specific information
Drive area 01 FD 00h 32 Drive-specific information
INFO 1 Drive area 01,FD'80h 32 Drive-specific information
Drive area 01°FE 00h 32 Drive-specific information
DMA 1 01 FE 80h 32 Disk management
Controldata1l | 01 FF 00h 32 Data information
RAC 1 01 FF 80h 32 Physical-access control
(Datazone 0) | 02 00 00h
Figure 87 — Inner zone 0 (lead-in zone)

124 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 30190:

2021(E)

Inner Description | First PAA Number of Purpose
zone 1 of zone phys. clusters
(Data zone 1)
PAC1 3E 00 00h 32 Physical-access control
Control data1 | 3E 00 80h 32 Data information
DMA1 3E 01 00h 32 Disk management
INFO 1 Dr%ve area | 3E0180h 32 Drive-specific information
Drivearea | 3E 02 00h 32 Drive-specific information
Drive area 3E 02 80h 32 Drive-specific inforrpation
Drivearea | 3E 03 00h 32 Drive-specific inferration
Pre-write area | 3E 03 80h 32 Drive galibratign
Reserved --- 3E 04 00h 2 048 Future extensigdn
TDMA 1 --- 3E 24 00h 2048 Temporary DM afea
\ Buffer 2 3E 44 00h 32
Recordable Control data 2 | 3E 44 80h 32 Data informatiqn
l DMA 2 3E 45 00h 32 Disk managemepnt
PAC 2 3E 45 80h 32 Physical-access coptrol
INFO 2 Reserved 5 3E 46 00h 32 Future extensidn
Reserved 6 3E 46 80h 32 Future extensidn
Reserved 7 | 3E 47 00h 32 Future extensidn
Tracking Reserved 8 | 3E 47 80h 32 Future extensidn
direction [ Byffer 3E 48:00h 1408
OPC1 Test zone 3E.5E 00h 2048 OPC testing
Buffer --- 3E7E 00h 1408 ---
Wobbled Protection(p
groove Zon‘i\]c\}‘
Figure 88 — 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 f¢r various
pyrposes,sitch as disk information. If no specific PIC is supplied, all user data bytes (before scfambling)
shill be\set to 00h. permanent information and control data (PIC) is only present on layer LO.
18.2.2— Content of PICZone

The PIC zone shall consist of five repetitions of a PIC-info fragment, where each PIC-info fragment
consists of 544 PIC clusters (for a total of 2 720, see Figure 89). The PIC clusters shall be formatted as
described in 15.5.

The PIC-info fragments shall start on layer LO at AUNs: 00 0D 8E COh, 00 0D 93 00h, 00 OD 97 40h,
00 0D 9B 80h and 00 0D 9F COh
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PIC-info fragment PIC-cluster AUN
number number on layer LO

0 00 0D 8E COh
1 00 0D 8E C2h
IF 0 2 00 0D 8E C4h
543 00 0D 92 FEh
0 00 0D 93 00h

[F1 : :
5045 00 0D 97/ sEh
0 00 0D 97 40h

[F 2 : :
543 00 0D 9B 7Eh
0 00 0D 9B 80h

IF 3 : :
543 00 0D 9F BEh
0 00 0D 9F COh

IF 4 : :
543 00 0D A3FEh

Figure 89 — PIC zone

The first PIC cluster of each info fragment shall contain a copyof'the disk information block as contained
in the AD|P aux frames (see 15.8.3 and Figure 90). Only the first 112 bytes of each disk information aE

frame shall be included (excluding the 32 parity bytes).«lf less than 32 DI units are present, then the
remaining bytes up to byte 3 584 shall be set to 00h.

The last 312 bytes of the first PIC cluster of each infoé fragment shall contain the emergency brake ddta
set (see 1B.2.3 and Figure 90).

iBnylgeI (I:) (c)lsligt(()er; Content Number of bytes
Oto111 DI unit 0 112
112 to 223 DI unit 1 112
: : 112 x 28
3360+t0 3471 DI unit 30 112
30472 to 3 583 Reserved 112
3584 to 4 095 EB data set 512

Figure 90 — First PIC cluster of each info fragment

All other PIC clusters shall be reserved unless otherwise specified by the BDAP.

18.2.3 Emergency brake

As a protective measure, a data set is defined that can be used by specific drive models to recognize
disks that need special handling to prevent destructive malfunction.

This data is called emergency brake (EB) data.

EB data is specified in bytes 3 584 to 4 095 of the first PIC cluster of each info fragment. It consists
of an EB header, EB data field(s) and an EB footer. EB data fields shall be included only upon mutual
agreement, between the disk manufacturer and the drive manufacturer involved, that specific drives
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require special actions when handling such disks, e.g. to prevent damage to the disk or the drive. Up to

a maximum of 62 EB data fields may be applied.

The emergency brake data shall be implemented as shown in Figure 91.

Byte number Function Definition Nulr)nber of
ytes
3584 to 3585 Identifier 2
3586 EB Version 1
3587 e Reserved 1
3588 List length 1
3589to 3591 Reserved 3
3592to0 3593 EB Drive-manufacturer ID 2
3594 to 3 595 Data field Drive model 2
3596 to 3 597 atal 1€ Firmware version 2
3598to 3 599 Drive actionsg 2
(3584+ix8)to(3584+ix8)+1 EB Drive-manufacturer ID 2
(3584 +ix8)+2to(3584+ix8)+3 | patafield Dtive model 2
(3584+ix8)+4to(3584+ix8)+5 i Firmware version 2
(3584+ix8)+6t0(3584+ix8)+7 | (1<i<N) Drive actions 2
(3584+Nx8)to(3584+Nx8)+1 EB Drive-manufacturer ID 2
(3584 +Nx8)+2to (3584 +Nx8)+3|Data field Drive model 2
(3584+Nx8)+4to(3584+Nx8)+5 N Firmware version 2
(3584+Nx8)+6to(3584+Nx8)+7| (N<62) Drive actions 2
[3584 + (N+1) x 8] .
to [3 584 + (N+13'x 8] + 7 EB footer Terminator 8
[3584 + (N+2) x 8]¢04 095 Unused Reserved 512 - (N+2) x 8
Figure 91 — Definition of emergency brake data
Bytes 3 584 t0-3.585: EB identifier
These\bytes shall be set to 45 42h, representing the characters “EB”.
Byte 3 586: EB version
Thaic bt Lall L ++ O'IL wal forana ot

s o raxni mbing zarcion 1 £l A GAIEIL o
TS Oy tCSTIa Dt SCTtO oI, TCPTCS eIt v e STOT - O tnC gty ora

Byte 3 587: reserved
This byte shall be set to 00h.
Byte 3 588: EB list length N

This byte shall represent the number of EB data fields.
This byte shall be set to 00h when no EB data fields are present.

Bytes 3 589 to 3 591: reserved
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These bytes shall be set to 00 00 00h.

Bytes (3

584 +ix8)to (3584 +ix8)+1(1<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 +ix8)+2to (3584 +ix8)+3(1<is<N):drive model number

These two bytes represent the drive model number and shall be defined by the drive manufacturer.

Tﬂmﬂm@mﬁmﬁm in
inlerchange.

Bytes (3

584 +ix8)+4to (3584 +ix8)+5(1<is<N):drive firmware version

Thlese two bytes represent the drive firmware version and shall be defined by the-drive marnu-

fag
ign

Bytes (3

T
an

Bytes [3

turer. This document does not specify the format and the content of these bytes. It shall
jored in interchange.

584 +i x 8) + 6 to (3 584 +ix 8) + 7 (1 < i< N): drive manufacturénactions

Tﬂzse two bytes represent the actions to be performed by the drive'model to handle this di

be

§id

se bytes shall be defined by the drive manufacturer. This document does not specify the format

d the content of these bytes. It shall be ignored in interchaige.

584 + (N+1) x 8] to [3 584 + (N+1) x 8] + 7 (0 < N < 62): EB terminator

These bytes shall be set to FF FF FF FF FF FF FF FFh.to indicate the end of the EB data.

Bytes [3

584 + (N+2) x 8] to 4 095 (0 < N < 62): reserved

Thlese bytes are reserved.

18.3 Re

18.3.1 P

This zone

for the tr

18.3.2 1I

This zone

For disks
For disks

rordable area of inner zone 0

rotection zone 2

comprising 224 physicalclusters starts at PAA 01 B4 80h and is intended to be a buffer zo
insition from the embossed HFM area to the recordable area (see 15.4.4).

NFO 2 /Reserved-8

comprising’32 physical clusters starts at PAA 01 B8 00h and is BDAP dependent.
with.BC€A code, this zone shall be left unrecorded unless otherwise specified by the BDAP.
wviithout BCA code, this zone shall be recorded all 00h before being shipped.

18.3.3 INFO 2/Reserved 7

This zone comprising 32 physical clusters starts at PAA 01 B8 80h and shall be left unrecorded.

18.3.4 INFO 2/Reserved 6

This zone comprising 32 physical clusters starts at PAA 01 B9 00h and is BDAP dependent.

For disks
For disks

128

with BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.

without BCA code, this zone shall be recorded all 00h before being shipped.
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18.3.5 INFO 2/Reserved 5

This zone comprising 32 physical clusters starts at PAA 01 B9 80h and is BDAP dependent.

2021(E)

For disks with BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.

Fo

r disks without BCA code, this zone shall be recorded all 00h before being shipped.

18.3.6 INFO 2/PAC 2

Thi

us
lef

18

TH
m

1§
T}

lay
di

1§
T}

1§

T}
an

1§

1§

T}

pr
th

onea omBpricing ala 1 Q DA A_Q BA_QQh _on Q 0 nd ic inta

t unrecorded.

.3.7 INFO 2/DMA 2

is zone comprising 32 physical clusters starts at PAA 01 BA 80h and is inténded for use b

.3.8 INFO 2/Control data 2

is zone comprising 32 physical clusters starts at PAA 01 BB 00hyon layer LO and at PAA 3E 4
Fer L1 and is intended to store control information. Unused €lusters shall be left unrecorded
5k is closed.

.3.9 INFO 2 /Buffer 2

is zone comprising 32 physical clusters starts at PAA 01 BB 80h and shall be left unrecorde|

.3.100PC 0/Test zone

e test zone comprising 2 044 physical clusters starts at PAA 01 BC 00h and is reserved fi
d/or OPC procedures. The OPC 0 area'shall be used according to 18.3.11.

.3.11Usage of OPC areas

3.11.1 OPC procedure order

e OPC areas shall.be used consecutively in descending PAA order. The first area used fa
ocedure ends at.the end of the last PAA. The last usable physical cluster of the OPC area is
e first PAA of the OPC area (see Figure 92).

hnagement system. Until the disk is closed (see 22.6), these clusters shall beJleft unrecorded.

g alclu arts—3 . - 3 03 aded to be
ed for storing physical access control (PAC) clusters (see 21.2). Unused clusters in this zonle shall be

7 the disk

L4 80h on
until the

br testing

r an OPC
ocated at
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= OPC usage direction < A
Layer LO
OPC O 2 044{2 043|2042 | <<-- == ---- < - 4 3 2 1
Track direction >
< Track direction
Layer 11 1 2 3 4 b I >> 204612 04712 048
OPC1
5 g
B » OPC usage direction S
2 25
~ n
™ =
S S
: 2

Figure 92 — Direction of usage of OPC area of layer L0 and layer L1

18.3.11.2 OPC physical cluster usage

The length of one OPC procedure may be chosen by the drive and is not restricted to an integer numHber
of physichl clusters (see Figure 93). The transition between the used and unused OPC area shall pe
indicated|by an OPC marker. The distance between any two consecutive OPC markers shall not excepd
16 physicpl clusters. In case an OPC precedure needs more than 16 physical clusters, OPC markers shpll
be inserted to fulfil this requirement~The OPC marker shall have a length of at least 868 NWLs (equal
to one AUN) and its modulation shall'be such that Ig,,/Igy = 0,30.

Cluster # N - 2 ! Cluster # N -1 i Cluster # N Cluster # Pi Cluster# P+ 1 |

»'€ »'a
P4 >4
1 1

NN ¥

2 7

OP(C area / /
' g =: =: Recording direction R =:
:o: o !O! o é: ' - I
S 8 A& S S a
g8 #* 3 * = +*
N = s S
3 It I
K < <
+ +
N [y

NOTE OPC #M occupies exactly one cluster, OPC #M+1 exceeds one cluster, OPC #M+2 is smaller than one
cluster.

Figure 93 — Example of position of OPC markers
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18.3.11.3 OPC update in TDMA

Each OPC procedure shall be completed by updating the corresponding next available PSN of test zone
on layer Ln in the TDDS (see 22.4.4).

18.3.120PC 0/0PC 0 Buffer

This zone comprising 4 physical clusters starts at PAA 01 DB FOh and is intended as a buffer zone for
the transition from OPC 0 area to the TDMA 0 area and shall be left unrecorded.

18.3.13TDMA 0

This zone comprising 2 048 physical clusters starts at PAA 01 DC 00h and is intended foxf use as a
temporary DM area.

18.3.14INFO 1/Pre-write area

This zone comprising 32 physical clusters starts at PAA 01 FC 00h and al{.32 physical clusteifs shall be
reporded by the first drive that writes on layer LO and shall contain all.80h.

Dyives that write the INFO 1/Pre-write area shall update pre-write area flags of the TDDS (seg 22.4.4).
18.3.15INFO 1/Drive area

18.3.15.1 General

The use of this zone, divided into four parts of 32+pliysical clusters each, starting at PAA 01 FC 80h, is
offtional.

This zone can be used by drives to store drive-specific information, restricted to be used only by the
drfive that has created the information. To@uarantee that drives can allocate their own information, the
following format shall be used. These clusters in this zone shall be ignored in interchange.

18.3.15.2 Format of drive-specific information

E4ch drive-specific information shall be contained in one 2K data frame. The first 128 bytes|of such a
ddqta frame shall contain 4 signature of the drive that has created the related data frame, acdording to
the following format:

—|{ 48 bytes for tHesthanufacturers name, represented by characters from the ISO 646 charadter set;
— 48 bytes.ofiadditional identification, represented by characters from the ISO 646 charactér set;
— 32 bytes’for a unique serial number of the drive.

TheAformat of the remaining 1 920 bytes of the data frame is not defined and can be chosen|freely by
each-drive designer

The drive-specific information of the last 32 drives that have used this option shall be stored in the
newest recorded physical cluster. Each time a new drive is going to write its drive-specific information
in a new physical cluster, the oldest drive-specific information located in data frame 31 of the last
physical cluster is removed, the content of data frames 0 to 30 in the last physical cluster are copied
into data frames 1 to 31 in the new physical cluster and the new information is written in data frame 0
in the new physical cluster (see Figure 94). Initially, the physical cluster starting at PAA 01 FC 80h shall
be used to store the drive-specific information.
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Phys. cluster Data frame
(Data frame 0) Manufacturers
Drive i name
(Data frame 1) Onex2K Additional ID
Drive i-1 sector
Drive area SS;ZC:OZFE : Unique ser. num.
Recorded (Data frame 30) Drive-specific
phys. cluster Drive i-30 information
Recorded (Dataframe 31}
phys. ¢luster Drive i-31
Last r¢corded
phys. ¢luster
New recorded
phys. ¢luster
Unrecprded (Data frame 0)
New drive

phys. ¢luster

18.3.16INFO 1/DMA 1

This zong comprising 32 physical clusters starts at PAA 01 FE 80h and is intended for use by the di

32x2K
sectors

(Data frame 1)

Drive i

(Data frame 30)
Drive i-29

(Data frame 31)
Drive i-30

Figure 94 — Format of drive area (example)

managenjent system. These clusters shall(be'left unrecorded until the disk is closed (see 22.6).

18.3.17INFO 1/Control data 1

This zond comprising 32 physijealclusters starts at PAA 01 FF 00h on layer LO and at PAA 3E 00 80h
layer L1 gnd is intended to store control information. Unused clusters shall be left unrecorded until t

disk is cldsed.

18.3.18INFO 1/PAC1

This zon¢ comprising 32 physical clusters starts at PAA 01 FF 80h on layer LO and is intended to
used for §toring physical access control (PAC) clusters (see 21.2). Unused clusters in this zone shall

left unredorded.

bn
he

be
be

18.4 Recordable area of inner zone 1

18.4.1 Buffer

This zone comprising 1 408 physical clusters starts at PAA 3E 7E 00h and shall be left unrecorded.

18.4.2 OPC1

This zone comprising 2 048 physical clusters starts at PAA 3E 5E 00h is reserved for testing and OPC

procedures. The OPC 1 area shall be used according 18.3.11.

132
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18.4.3 Buffer

This zone comprising 1 408 physical clusters starts at PAA 3E 48 00h and shall be left unrecorded.

18.4.4 INFO 2/Reserved 8
This zone comprising 32 physical clusters starts at PAA 3E 47 80h and is BDAP-dependent.
For disks with BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.

Fo

18.4.5 INFO 2/Reserved 7

This zone comprising 32 physical clusters starts at PAA 3E 47 00h and shall be left timrecorded.

18.4.6 INFO 2/Reserved 6
This zone comprising 32 physical clusters starts at PAA 3E 46 80h and is BDAP-dependent.
Fjr disks with BCA code, this zone shall be left unrecorded, unless athierwise specified by the|BDAP.

Far disks without BCA code, this zone shall be recorded all 00hbefore being shipped.

18.4.7 INFO 2/Reserved 5
This zone comprising 32 physical clusters starts at PAA3E 46 00h and is BDAP-dependent.
Fjr disks with BCA code, this zone shall be left unrecorded, unless otherwise specified by the|BDAP.

Fdr disks without BCA code, this zone shall be:recorded all 00h before being shipped.

184.4.8 INFO 2/PAC 2

This zone comprising 32 physical\clusters starts at PAA 3E 45 80h on layer L1 and is intenfded to be
used for storing physical access_control (PAC) clusters (see 21.2). Unused clusters in this zon shall be
left unrecorded.

184.4.9 INFO 2/DMA 2

This zone comprising 32 physical clusters starts at PAA 3E 45 00h and is intended for use by the disk
management system. These clusters shall be left unrecorded until the disk is closed (see 22.6).

18.4.10INFO 2 /Control data 2

ThisZone comprising 32 physical clusters starts at PAA 3E 44 80h and is intended to stofe control
inforfmation. Unused clusters shall be left unrecorded until the disk is closed.

18.4.11INFO 2 /Buffer 2

This zone comprising 32 physical clusters starts at PAA 3E 44 00h and shall be left unrecorded.

18.4.12TDMA 1

This zone comprising 2 048 physical clusters starts at PAA 3E 24 00h and is intended for use as a
temporary DM area.
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18.4.13Reserved

This zone comprising 2 048 physical clusters starts at PAA 3E 04 00h and shall be left unrecorded.

18.4.14INFO 1/Pre-write area

This zone comprising 32 physical clusters starts at PAA 3E 03 80h. All 32 physical clusters shall be
recorded by the first drive that writes on layer L1 and shall contain all 00h. Drives that write the
INFO 1/Pre-write area shall update pre-write area flags of the TDDS (see 22.4.4).

18.4.151tF0 1/Drive area

The use o

This zone
drive thal
the formd

18.4.1611

This zone
managen

18.4.1711

This zong
informati

Unused c

18.4.18l1

This zone
used for s
left unred

19 Dats
On an SL

25,0 GB djisk.

On a DL

50,0 GB djisk.

this zone, divided into four parts of 32 physical clusters, starting at PAA 3E 01 80h, isoptio

I had created the information. To guarantee that drives can allocate their own informati

NFO 1/DMA 1

comprising 32 physical clusters starts at PAA 3E 01 00h and is intended for use by the di
ent system. These clusters shall be left unrecorded until the disk'is closed (see 22.6).

NFO 1/Control data 1

comprising 32 physical clusters starts at PAA 3E*Q0 80h and is intended to store cont}
on.

usters shall be left unrecorded until the disk-is‘closed.

NFO 1/PAC 1

comprising 32 physical clusters.starts at PAA 3E 00 00h on layer L1 and is intended to
toring physical access control (PAC) clusters (see 21.2). Unused clusters in this zone shall
orded.

| Zone

disk, the data zenhe“can contain a total of 381 856 clusters of user data, which results ir

lisk, the data zones can contain a total of 763 712 clusters of user data, which results ix

20 Oute¢rzone(s)

t specified in 18.3.15 shall be used. The clusters in this zone shall be ignoredih interchangg.

1.

can be used by drives to store drive-specific information, restricted to be used’only by the

n,

ol

be
be

20.1 General

On an SL disk, the outermost zone of the information zone functions lead-out zone.

On a DL disk, outer zone 0 and outer zone 1 function as a transition area between the data zones on
layer LO and layer L1 (see Figure 95 and Figure 96).

134
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Outer Description First PAA Number of PUrpose
zone 0 p of zone phys. clusters p
Buffer 4 LAA + 2h 32 ---
. INFO 3 DMA 3 LAA + 82h 32 Disk management
Control data 3 LAA +102h 32 Data information
Recordable
. --- Angular buffer | LAA+182h 76 ---
DMA 4 LAA + 2 B2h 32 Disk management
Tracking——INFOZ Control datad | LAA + 3 3Z2h 37 Data information
direction
Buffer 6 LAA + 3 B2h 32 X
DCZO0 Test zone LAA +4 32h 512 Drive calibrafion
Protection zone 3 | LAA + C 32h
Figure 95 — Outer zone 0/lead-out zone
Outer Description First PAA Number of Purpose
zone 1 P of zone phys. clusters p
--- Protection zone 3 --- --- ---
DCZ 1 Test zone FAA~€30h 512 Drive calibrdtion
l Buffer 6 FAA - 4 30h 32
Recordable | INFO 4 Control data4 | FAA -3 BOh 32 Data informdtion
L DMA 4 FAA -3 30h 32 Disk managenent
--- Angular buffer | FAA -2 B0Oh 76 ---
Tracking Control data 3 FAA - 1 80h 32 Data informdtion
direction INFO 3 DMA 3 FAA -1 00h 32 Disk management
Buffer 4 FAA - 80h 32 ---
Figure 96 — Outer zone 1
2(.2 Recordablearea of outer zone(s)
20.2.1 INFO:3/Buffer 4
This zon&comprising 32 physical clusters shall be left unrecorded.
2(.2.2 INFO 3/DMA 3

This zone comprising 32 physical clusters is intended for use by the disk management system. Until the
disk is closed (see 22.6), these clusters shall be left unrecorded.

20.2.3 INFO 3/Control data 3

This zone comprising 32 physical clusters is intended to store control information. Unused clusters
shall be left unrecorded until the disk is closed.

20.2.4 Angular buffer

This zone comprising 76 physical clusters shall be left unrecorded.
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20.2.5 INFO 4/DMA 4

This zone comprising 32 physical clusters is intended for use by the disk management system. These

clusters s

hall be left unrecorded until the disk is closed (see 22.6).

20.2.6 INFO 4/Control data 4

This zone comprising 32 physical clusters is intended to store control information. Unused clusters
shall be left unrecorded until the disk is closed.

20.2.7 1I

This zone

20.28 D

These tes
shall be u

20.29 U

20.2.9.1

The Drive
a calibrat
is located

]

]

NFO 4 /Buffer 6

comprising 32 physical clusters shall be left unrecorded.

CZ 0/Test zone and DCZ 1 / Test zone

sed according to 20.2.9.
sage of DCZ area

DCZ procedure order

t zones comprising 512 physical clusters are reserved for drive calibrations: The DCZ ardas

calibration zone shall be used consecutively in descendifig PAA order. The first area used for
ion procedure ends at the end of the last PAA. The lastusable physical cluster of the DCZ arjea

136

at the first PAA of the DCZ area (see Figure 97).
o =
N a
<+ |
: <
<<
S .
2 :
< . . P
o DCZ usage direction < A
Layer LO
DCZ0 512 (511 [510 <<mm e e << - 4 3 2 1
Track direction >
< Track direction
avertl 1oq f 2 | 3 | 4 S >> | 510 | 511 | 512
DEZ1
= » DCZ usage direction -
N
© R
) 7
= =
o =
2 i
- A

Figure 97 — Direction of usage of DCZ area of layer L0 and layer L1
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20.2.9.2 DCZ physical cluster usage

The length of one calibration procedure may be chosen by the drive and is not restricted to an integer
number of physical clusters (see Figure 98). The transition between used and unused calibration areas
shall be indicated by a calibration marker. The distance between any two consecutive calibration
markers shall not exceed 16 physical clusters. In case a calibration procedure needs more than 16
physical clusters, calibration markers shall be inserted to fulfil this requirement. The calibration
marker shall have a length of at least 868 NWLs (equal to one AUN) and its modulation shall be such
that Ig,,,/Igy = 0,30.

1
Lluster # IV — 42, cluster # IV -1 . Cluster # N Lluster # P, Cluster # P+ 1

»'a U
NJ
.

L] L]
-

NN

NN
AN

DCZ area O_)Q
N
P RN Recording direction ' ! .
Vo P e i
o o o ) A '
Bop & 3 3 =3
> o o o a o
55 = = = =
S Y] o o) 0
o o2 o = 2. o
o o o o o o
5 3 5 =] 5 5
5 X £ i 2 x
8 X 8 < 2 <
= O+ R + =
] [\ D = [e°)
— — =
3 3 3
< X <
+ +
N [N

NOTE Calibration #M occupies exactly oneteluster; Calibration #M+1 exceeds one cluster;
Calibration #M+2 is smaller than\@re cluster.

Figure 98 — Example of position of Calibration markers

2(0.2.9.3 Update of TDMA

Eqch calibration procedure.performed at any of the DCZ zones shall be completed by updating the
corresponding next available PSN of drive calibration zone on layer Ln in the TDDS (see 22.4.4).

2(.2.10Protection'zone 3

This zone contains an unrecorded groove.

All ADIPamits in the grooves in this zone shall be modulated by MSK-cos only and not by HMW (see
19.6.2)!

21 Physical access control clusters

21.1 General

Physical access control (PAC) clusters provide a structure on the disk for the exchange of additional
information between interchange parties. PAC clusters shall be recorded in the INFO 1/PAC 1 zone and
backup copies shall be recorded in the INFO 2/PAC 2 zone. All PAC clusters shall have the same format
for their first 384 data bytes, which constitute the PAC header.

In the future, new PACs can be defined for specific applications/functions.
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Drives designed before the introduction date of a new PACs are, in general, not able to interpret it and,
therefore, shall treat such a PAC as a so-called unknown PAC. By obeying standard unknown PAC rules,
defined in the header of the PACs, compatibility problems and unwanted destruction of data for specific
applications can be avoided as much as possible.

Drives designed after the introduction date of a new PAC can be assumed to be familiar with the
specific application/function connected to the new PAC. Such drives can therefore ignore the “unknown
PAC rules” and apply the rules defined in the “PAC-specific information” fields of the PAC. For such
“known PACs” there are no physical access restrictions unless specified otherwise in the “PAC-specific
information” fields.

21.2 Layout of PAC zones

On SL disks, the INFO 1/PAC 1 and INFO 2/PAC 2 zones each form one area of 32 clusters dvailable for
the storage of PAC.

On DL digks, the INFO 1/PAC 1 zones on layer L0 and layer L1 form one area of 64 clusters availalle
for the stprage of PAC, and the INFO 2/PAC 2 zones on layer LO and layer L1 fopnanother area of p4
clusters gvailable for the storage of PAC.

Each PAC|cluster shall be recorded in both zones INFO 1/PAC 1 and INFO 2/PAC 2, so there are always
two copigs of each PAC cluster recorded. A PAC shall always be updated first in the INFO 1/PAC 1 zone
and then|be copied to the INFO 2/PAC 2 zone, which facilitates the handling of possible power—dO\'En
failures. The PAC update count of the PAC cluster recorded in the INEO 2/PAC 2 zone shall be the saie
as the PA( update count of the PAC cluster recorded in the INFO1/PAC 1 zone.

The statys of all locations in both the INFO 1/PAC 1 and INEO-2/PAC 2 zones shall be indicated in the
TDDS (se¢ 22.4.4) by a 2-bit pattern as per Figure 99.

b(n+1)Pn Content in PAC location
00 Unrecorded
(Alsoto be used if layer not present.)
01 - .
(This bit setting is reserved.)
10 Contains an invalid PAC 2
11 Contains a valid PAC

a PAC-clusters with status 10 as indicated in the TDDS are
not.allewed to be transferred outside the drive
(independent on the setting of bit b, and b, of the
uriknown-PAC rules).

Figure 99 — Status of PAC locations

If the PACTluster 15 found to be defective during Tecording, then the defective ciuster shait be skipped
and indicated as invalid in the TDDS (see Figure 99). A replacement PAC shall be recorded in the next
available cluster.

If a PAC shall be updated, the new version of the PAC shall be recorded in the next available cluster and
the previous location containing the old version of the PAC shall be indicated as invalid in the TDDS.

21.3 General structure of PAC clusters

The user data of PAC clusters shall be formatted according to Figure 100. The first 384 bytes constitute
the PAC header.
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Byte position
Data frame | in data frame Content Number of bytes

0 0to2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-update count 4

0 8to11 Unknown-PAC rules 4

0 12 Unknown-PAC entire_disk_flags 1

0 13 to 14 Reserved 2

0 15 Number of Segments T

0 16 to 23 Segment_0 8

0 24 to 31 Segment_1 8

0 32to0 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 388to 2 047 PAC-specific information 1660
1 0to 2047 PAC-specific information 2048
30 0to 2047 PAC-specific information 2 048
31 0to 2047 Reserved 2048

Figure 100 — General layout of PAC clusters

The PAC_ID shall identify the specific type of\PAC cluster:
— if setto 49 53 31h, the PAC cluster.is the IS1 PAC as defined in 21.4;

— if setto 49 53 32h, the PAC cluster is the IS2 PAC as defined in 21.4.
Otlher values for the PAC_ID axereserved.

Edch new PAC added to the INFO 1/PAC 1 zone or INFO 2/PAC 2 zone shall be recorded ir the first
aviilable cluster in the§e)zones [indicated by status 00 in the TDDS (see Figure 99)].

The PAC format field)shall indicate the version number of the specific PAC.

The PAC update count shall specify the total number of update operations of the current PAC.|This field
shll be setto 00 00 00 00h during the first format operation only, and it shall be incrementgd by one
each time-the current PAC is updated.

Thecunknown PAC rules shall specify the required actions when the content and use of the PAC

] L3 s N DAC 11V 2 + s ] 1 )Tl Lzt £, £2o10 3 3 f32
a UITNIIUVVII LI-C- LIICU 1T 7AGU_ T 10 1TIUL OU L LU d [NIIUVVII VCIIUCJ. ITICOU Uy LLO 1TUITITI Ad 1TICIU LUIIOIO ..lng O

individual bits (bit b3, shall be the msb of byte 8 and bit b, shall be the Isb of byte 11). The actions
described below shall be taken (when the PAC is unknown) for any cluster contained within the
related area (see Figure 101). The actions described for the user data area shall be taken only within
the specified segments, if segments have been defined. Otherwise, these actions shall be taken for any
cluster contained within the full user data area.

If a drive encounters multiple unknown PACs on one disk, it shall use the OR-function of the unknown
PAC rules (in other words, if one of the PACs excludes an action, the same rule of the other PACs is
irrelevant).

© ISO/IEC 2021 - All rights reserved 139


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

ISO/IEC 30190:2021(E)

Control Mandatory
Area Bits type setting
b, to by, Reserved 0000 0000
b Writ -
Reserved 8 23 —c
b Writ ONE
Reserved 7 b21 R rl;
ea -
INFO 2 20 :
Reserved 6 = e -
big Read -
b Writ -
Reserved 5 — —°
bys Write ZERO
Drive area (part 4
v (part 4) b, Read 7ERO
_ by Write ZERO
Drive area (part 3)
INFO 1 by, Read ZERO
Drive area (part 2) byy Wte ZERO
Y
P bio Read ZERO
) by Write ZERO
Drive area (part 1)
bg Read ZERO
TDMA zones (not including the TDDS; see :
22.6.2.1) b5 Write -
b Reserved unless otherwise
6 specified by the BDAP.
be Write -
INHO 1,2,3,4 Control-data zones,
b, Read -
User-data area / by Write -
Datp Zones Segments b, Read -
b, Write -
INHO 1 and 2 PAC dluster
b, Read -
“-“ Ino mandatory setting specified, as well ZERO as ONE can be allowed depending
on specific PAC
Figure 101 — General bit assignments for unknown PAC rules
For all zohes/areas, except the PAC cluster, the bits have the following meaning:

— Control type = write:

— ifsetto ZERO:  indicating that writing in the related zone/area is allowed;

— ifsetto ONE: indicating that writing in the related zone/area shall not be allowed.
— Control type = read:

— ifsetto ZERO: indicating that reading in the related zone/area is allowed;

— ifsetto ONE: indicating that reading in the related zone/area shall not be allowed.
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The meaning of “reading shall not be allowed” in this context is that the data content of the clusters in
the related area(s) are not allowed to be transferred outside the drive.

For the PAC cluster, the bits have the following meaning:

— Control type = write:

— ifsetto ZERO:  indicating that overwriting the current PAC cluster or changing its status bits
in the TDDS is allowed;

AL A

L PFETIYAS S 4 ) : 1. P P Y — +1 —DAC 1 - 1 1 : :
- II'SCTL LU UINL. HIUICAUITg UIdU UVEDT WIILITE LIT CUTTCIHU FAU CIUSLCT dIIU CIIdITg1E its status

bits in the TDDS shall not be allowed.

—{ Control type =read:

— ifsetto ZERO:  indicating that reading and transferring the content.of the currept cluster
outside the drive is allowed;

— if set to ONE: indicating that the content of the current PAGZ cluster, except for the first
384 bytes of the first data frame, shall not pe'transferred outside fthe drive,
to be enforced by setting all bytes not belonging to the PAC header to 00h
before passing the content of the clustér.

The unknown PAC entire_disk_flags byte specifies unknown PAC rules that cover the entife disk as
follows:

— Bitsb;tob;: These bits shall be reserved.
— Bit by this bit shall be set ONE, indicating re-initialization is not possible.

The number of segments shall specify the total number N (0 < N < 32) of segments specifled in the
current PAC.

Moreover, the total number of segments defined for all PACs on a disk shall not exceed 82 as per

Fdrmula (57):

N
Yng; <32 (57)
i=0

where ng ; isnumber. 6fségments in PAC,.

The Segment_i field shall specify the starting and ending address of a contiguous range of clusters,
called a 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 their Tdresses.
|

Seigments shall only start and end at cluster boundaries. All Segment_i fields, where i = N, shall be set to
all onl.

UUTLT

— The first 4 bytes of a Segment_i field, if used, shall contain the first PSN of the first cluster belonging
to the segment.

— The last 4 bytes shall contain the last PSN of the last cluster belonging to the segment.

These segments shall only be applied to the unknown PAC rules. If overlapping segments in different
PAC clusters are encountered, the drive shall apply the OR-function to the related unknown PAC rules in
the overlap areas.

The known PAC entire_disk_flags byte specifies rules for the entire disk in case the drive is able to
interpret the PAC as follows.
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These bits shall be reserved.

This bit shall be set ONE, indicating re-initialization is not possible.

21.4 1S1 and IS2 PAC clusters

The IS1 PAC and IS2 PAC may be recorded on an unrecorded disk. When BCA code is not recorded on an
unrecorded disk, IS1/IS2 PAC structures shall be recorded in INFO 1/PAC 1 and INFO 2/PAC 2 before
being shipped. When BCA code is recorded on an unrecorded disk, IS1/1S2 PAC structures shall not be

recorded
The layoyt of the IS1 PAC and IS2 PAC cluster shall be formatted as shown in Figure 102.
Byte position
Data frame | in data frame Content Number-ofbytes
0 Oto 2 PAC_ID 3
0 3 PAC format 1
0 4to7 PAC-update count 4
0 8to 11 Unknown-PAC rules 4
0 12 Unknown-PAC entire_disk_flags 1
0 13 to 14 Reserved 2
0 15 Number of segments 1
0 16 to 23 Segment_@ 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 385to 2 047 Reserved 1663
1 0to 2047 Reserved 2048
31 0to 2047 Reserved 2048
Figure 102 — General layout of IS1 and IS2 PAC clusters
The PAC_|D shall be\set to 49 53 31h, representing the characters “IS1” for IS1 PAC. The PAC_ID shall
set to 49 b3 32hsrepresenting the characters “IS2” for IS2 PAC.

The PAC 1|ormat field shall be set to 00h for both PACs, indicating this is a version 0.

The PAC update count shall be set to 00 00 00 00h for both PACs.

The unknown PAC rules shall be set 00 AA 00 00h for IS1 PAC and shall be set 00 AA 00 CBh for IS2 PAC.

The unknown PAC entire_disk_flags byte shall be set to 01h for both PACs.

The number of segments shall be set to 00h for both PACs.

The Segment_i fields shall all be set to all 00h for both PACs.

The known PAC entire_disk_flags byte shall be set to 01h for both PACs.
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22 Disk management

22.1 General

Disk management defines and controls method of recording user data on the disk.

22.2 Recording management

22.2.1 General

2021(E)

T}
as

272

T}
th

In
in
(T
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272

e BD recordable system supports a sequential recording mode (SRM), which is managed)by
equential recording range information (SRRI) structure.

.2.2 Sequential recording mode (SRM)

e disk has a continuous area, referred to as the sequential recording ranges’(SRR). Inside
e user data shall be recorded sequentially in the direction of increasingdaddresses.

formation about the location and status of the SRR shall be stored\in a sequential record
formation (SRRI) structure. The SRRI shall be recorded in témporary disk managem
DMAs) (see 22.3). On a recorded disk, the final SRRI is recordedin a disk management area

e SRR shall start at a cluster boundary and has only one poeint from where new data can be

.2.3 Recording user data in SRR

During continuous sequential recording, user dataj, presented by the host in 2KB logical secf

be
fo
av
(N
ph

W
bd
ZH
st

added immediately after the last-written sector in the SRR. However, when the host comp
" the next address available for recording izi‘the SRR, the drive shall return the first PSN o
ailable, completely unrecorded cluster in the SRR. This address is called the next writabl
WA). During the sequential recording-process, the NWA is dynamically incremented iy
ysical clusters, according to the size of the written user data.

hen sequential recording is terminated and the size of the user data is not matching
undaries of a physical cluster; the remaining part of the last physical cluster shall be pad
RO data, where each individual data frame containing padding data shall be identified by 1
itus bits Sa; 1 /Sa; , to 11see 13.9.2.5). The NWA shall point to the first sector of the next ur

cluister.

Th
in

e SRR entry (se€22.4.6.4) contains a last recorded user data address (LRA), indicating the |
the SRR filledwith user data (non-padding data) (see Figure 103).

Recorded physical cluster

\ 4

L
«

1 sector

> a4

means of

the SRR,

ing range
ent areas
(DMA).

recorded.

ors, shall
uter asks
f the next
b address
units of

with the
ded with
etting its
recorded

hst sector

7 x
LRA NWA
Recorded P ZERO

user data |7 padded

Figure 103 — Example of last RUB with recorded user data and padded ZEROs
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22.2.4 SRR status

An SRR can have one of the following states:

— open: the SRR has a valid NWA and data can be appended;
— closed: the SRR does not have an NWA and appending data is not allowed.

The number of open SRR shall be one. During recording in the DMA of the disk, the SRR shall have the
status closed.

22.2.5 (Closing SRR

When an ppen SRR was closed, the open SRR number bytes shall be set to 00h (see 22.4.6.3)-Qptionally,
one or mgre clusters can be padded with all bytes set to 00h and the status bits Sa, ;/Safg)for all ddta
frames sqt to 11.

It is not rlecessary to record the remaining unrecorded clusters of the SRR on clo$ing. The LRA of the
closed SRR shall be correct.

22.3 Temporary disk management areas (TDMA)

22.3.1 (General

The recofding-management information can need to be updated many times during use. For this
purpose, p special area is available in the lead-in/lead-out zoné-¢alled the temporary disk managemgnt
area (TDMA).

For an SI} disk, this area is located in the lead-in zonetand called TDMA 0. For a DL disk, there is the
same TDMA 0 in the lead-in zone of layer LO and a second area, called TDMA 1, in the lead-out zone|of
layer L1. Both TDMA 0 and TDMA 1 shall have a fixed size of 2 048 physical clusters.

In the case of a DL disk, TDMA 0 and TDMA 1 shall be used sequentially in the following order:
TDMA O TDMA 1

Each TDMA shall be filled contiguously and in the direction of ascending PSNs. All elements of the
actual TOMS (see 22.4.2) shall be Jocated in one TDMA. If insufficient space is left in the actual TDMA,
then a nefw complete TDMS set shall be created in the next available TDMA, and the indicator for this
next TDMA (see 22.3.2) shallbe recorded.

All remaiping unused clusters in a full TDMA shall be recorded with all 00h data while the status bjts
Sa;1/Sa; o for all data frawies shall be set to 11.

22.3.2 T|DMA access indicators

To find as
indicator st
6 clusters. These TDMA access indicator clusters shall be used in the direction of descending addresses
as indicated in Figure 104.

t'quickly which TDMA is currently in use, the first clusters of TDMA 0 shall be used

If TDMA1 is in use, (TDMA 0 having been completely used) then an indicator for TDMA 1 shall be
recorded.

When the disk is closed also the first indicator cluster of TDMA 0, indicating the DMA, shall be recorded.

Moreover, to find out quickly the location of the TDMA that is currently in use, the TDMA access indicator
clusters shall contain the TDDS according to the status of the disk at the moment when the TDMA access
indicator cluster was recorded. For robustness, all 32 data frames in the indicator clusters shall contain
a copy of the first TDDS recorded in the TDMA related to the actual indicator cluster. The first indicator
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cluster of TDMA 0, indicating that the DMA has been recorded, shall contain 32 repetitions of the DDS
as this is recorded in DMA 1 (see 22.6.3).

Indicator clusters

— Single layer disk
< 3T 3
: ¢
2 2
o5 D
Inner | 2 =2 TDMA 0 I\ | Inner
zone | W lzone
Indicator clusters .
Dual layer disk
< 3 3% Y =
= > > 5 S
~ 5 § £ & =
5 3 3 g E
[ o~ [a'd 4

Figure 104 — TDMA indicator clusters

22.4 Disk management structure (DMS)

22.4.1 General

The DMS holds structures for disk management and recording mode information. There are fwo kinds
of|disk management structures as follows:

—|{ disk management structures (DMS, see 22.6.3), recorded in the DMA zones when a disH is closed
(to preserve all disk managemeént information contained in the last temporary disk mahagement
structure);

—| temporary disk managément structures (TDMS), recorded in the TDMA zones as long ap the disk
has not been closed.

232.4.2 Temporary‘disk management structure (TDMS)

The temporary-disk management structure consists of the following three elements depending on the
repording'mode. All of these elements shall be present in the same TDMA n that is actually in fise.

F(1r séquential recording mode, the TDMS consists of the following:

— temporary disk-definition structure (TDDS);
— temporary defect list (TDFL);
— sequential recording range information (SRRI).

The last data frame of the last of the clusters constituting a TDMS update unit shall always contain a
TDDS. This TDDS contains pointers to the latest recorded TDFL clusters and SRRI. After an update of
one or more of these elements, the TDDS pointers shall be updated.

The TDMS shall consist of the latest recorded versions of the TDDS, the TDFL and the SRRI.

The TDMS update units shall be recorded sequentially in the direction of ascending PSNs in each TDMA
(see 22.3). If a physical cluster is perceived as defective during recording, this cluster shall be skipped
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and the data recording shall continue in the next available physical cluster in the TDMA. If defective
clusters are detected immediately after writing of the full TDMS update unit (verify-after-write) then
it is allowed to only rewrite the defective clusters and the last cluster of the TDMS update unit (for
updating of the TDFL pointers in the TDDS) at the next available locations (as a consequence of this the
order of the TDFL clusters as recorded on the disk need not to be the same as their order in the defect
list. This last one shall be indicated by the pointers in the TDDS).

22.4.3 TDMS in sequential recording mode

In the sequential recording mode, the TDMS update units for the SRRI shall always contain a temporary
disk-defiition structure (TDDS) in the last data sector and a sequential recording range informatipn
(SRRI) bliock in the sectors immediately preceding the TDDS (see Figure 105). The SRRI blogk|shpll
start at afsector boundary and the length of the SRRI block is limited to 31 data sectors. The SRRT block
is termingted with an SRRI terminator (see Figure 114).

Cluster Data frame Content

0.29 Set to 00h

One cluster SRRI ¢,

30
(One sector)
el

T.
31 (O&%ﬁcor)

Figure 105 — Example of TDMS update unit for SRRI for SRM

The TDFlf always starts in the first data sector of the¥first cluster of a TDMS update unit (see Figure 10p).
The TDFL shall be terminated with a defect list\terminator (see Figure 112). The last data sector|of
the clustgr of the TDMS update unit for the TBFL shall contain a TDDS. If both the SRRI and TDFL gre
recorded| the two structures can be combined in one TDMS update unit as indicated in Figure 106,
where th¢ TDFL is located at the top of the-TDMS update unit and the SRRI at the bottom, immediat¢ly
preceding the TDDS.

Cluster Data frame Content
0 TDFL <
(One sector)
1.29 Set to 00h
One cluster
30 SRRI <

(One sector) |

TDDS
31 (One sector)

Figure 106 — Examples of combined TDMS update units for SRM

22.4.4 Temporary disk definition structure (TDDS)

The TDDS contains information about the format and status of the disk. The last recorded TDDS is the
anchor to the addresses of the other parts/elements of the TDMS. Pointers in the TDDS shall only point
to addresses of previously written structures (no forward pointers), which all shall be in the same
TDMA n as the TDDS itself. The format of the TDDS is defined in Figure 107.
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The TDDS Identifier shall be set to 44 53h, representing the characters “DS”.
The TDDS format field shall be set to 00h, identifying a TDDS.

The TDDS-update count shall specify the total number of update operations on TDDS. This field shall
be set to 00 00 00 00h during the initialization operation and incremented by one each time a TDDS is
recorded on the disk.
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Byte position Number
Data | in data frame Content of bytes
frame

31 Oto1l TDDS identifier 2
31 2 TDDS format 1
31 3 Reserved 1
31 4to7 TDDS-update count 4
31 8to 15 Reserved 8
31 16to 19 First PSN of drive area (P_DA) 4
3 2041023 Reservad 4
31 24 to 27 First PSN of defect list (P_DFL) 4
31 28to 31 Reserved 4
30 32 to 35 Location of LSN 0 of user-data area 4
30 36 to 39 Last LSN of user data area 4
30 40to 51 Reserved unless otherwise specified by the BDAP. 12
31 52 Flag A 1
31 53to 55 Reserved 3
30 56 Pre-write area flags 1
3l 57 to 63 Reserved 7
30 64to71 Status bits of INFO 1/PAC 1 locations on layer0 8
3l 72t0 79 Status bits of INFO 2/PAC 2 locations on layer L0 8
31 80 to 87 Status bits of INFO 1/PAC 1 locations onlayer L1 8
31 88 to 95 Status bits of INFO 2 /PAC 2 locations.on layer L1 8

31 96to 1023 Reserved 928
31 1024 Recording mode 1
3l [1025to1027 Reserved unless otherwise specified by the BDAP. 3
31 ]1028to1031 Reserved 4
31 [1032to1035 Last-recorded address of user data area 4
31 |1036to1039 Reserved 4
3l [1040to1051 Reserved unless otherwise specified by the BDAP. 12
3l [1052to1087 Reserved 36
31 [1088to1091 Next available'PSN of test zone on layer L0 (P_TZ0) 4
31 ]1092to1095 Next available-PSN of test zone on layer L1 (P_TZ1) 4
31 [1096to1103 Reserved 8
3L [1104to1107| Nextavailable PSN of drive-calibration zone on layer L0 (P_CZ0) 4
3l [1108to1 111 Next available PSN of drive-calibration zone on layer L1 (P_CZ1) 4
31 [1112to1119 Reserved 8
31 |1120to1123 First PSN of first cluster of defect list (P_first DFL) 4
31 [|1124to1 151 Reserved unless otherwise specified by the BDAP. 28
3l [1152to0 1488 Reserved 32
31 |1184to14187| First PSN of sequential recording range information (P_SRRI) 4
31 ]1188to01191 Reserved unless otherwise specified by the BDAP. 4
31 J1N192to 1215 Reserved 24
31 ~]1216to1 231 Reserved unless otherwise specified by the BDAP. 16

3 1232101918 Reserved 684
31 [1916to 1919 Reserved unless otherwise specified by the BDAP. 4
Drive ID: Manufacturers name 48

31 [1920to 2047 Additional ID 48
Unique serial number 32

Figure 107 — Format of TDDS

The first PSN of drive area field shall specify the first PSN of the cluster that contains the latest drive-
specific information frames. If the drive area is unrecorded, this field shall be set to 00 00 00 00h.

The first PSN of defect list field shall be set to 00 00 00 00h in all TDDS sectors appearing in the TDMAs.
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When the disk is being closed and the final DDS is written in the DMA, this field shall specify the first
PSN of the first defect list that can be retrieved error-free in the DMA zone containing the particular
DDS. If no defect list can be stored error-free, this field shall be set to FF FF FF FFh.

The location of LSN 0 of user data area field shall specify the PSN of the first user data frame in the first
cluster and shall be set to 00 10 00 00h unless otherwise specified by the BDAP.

The last LSN of user data area field shall specify the logical sector number (LSN) (see Clause 23) of
the last sector available for the storage of user data and shall be set to 00 BA 73 FFh for SL disk and
01 74 E7 FFh for a DL disk unless otherwise specified by the BDAP.

TH
an

TH
lay

T}

T}

e 8-bit flag A field specifies the status of the SL disk or DL disk. This byte shall be set 03h"o}
d OFh on DL disks unless otherwise specified by the BDAP.

e 8-bit pre-write area flags field specifies the status of the INFO 1/Pre-write areas\for each

1 SL disks

Fecording

er. If the pre-write area on layer i is recorded, then bit b, shall set to ONE, else bit by shall be sef to ZERO.
e status bits of INFO 1/PAC 1 locations on layer LO field shall specify the-recording statu§ of all 32
clyisters in the INFO 1/PAC 1 zone on layer LO (see Figure 108). The bit pairs@hall be set as defingd in 21.2.
Byte position Bits INFO 1/PAC 1 location PAA

64 b, b, 01 EF'80h

64 bs b, 01 FF 84h

64 b; b, 01 FF 88h

64 b, b, 01 FF 8Ch

65 b, b, 01 FF 90h

70 b, b, 01 FF ECh

71 b, bg 01 FF FOh

71 byb, 01 FF F4h

71 b; b, 01 FF F8h

71 b, by 01 FF FCh

Figure 108 — Status bits and related INFO 1/PAC 1 address locations on layer L{
e status bits of INEQ2/PAC 2 locations on layer LO field shall specify the recording statu§ of all 32
clysters in the INFO-2/PAC 2 zone on layer LO (see Figure 109). The bit pairs shall be set as defin¢d in 21.2.
Byte position Bits INFO 2/PAC 2 location PAA

72 b, b, 01 BA 00h

72 bs b, 01 BA 04h

72 b; b, 01 BA 08h

22 brby 0L BAQCKH

73 b, b, 01 BA 10h

78 b, b, 01 BA 6Ch

79 b, b, 01 BA 70h

79 bs b, 01 BA 74h

79 b; b, 01 BA 78h

79 b, by 01 BA 7Ch

Figure 109 — Status bits and related INFO 2/PAC 2 address locations on layer LO
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The status bits of INFO 1/PAC 1 locations on layer L1 field shall specify the recording status of all 32
clusters in the INFO 1/PAC 1 zone on layer L1 (see Figure 110). The bit pairs shall be set as defined in 21.2.

Byte position Bits INFO 2/PAC 2 location PAA
72 b, be 01 BA 00h
72 bs b, 01 BA 04h
72 b, b, 01 BA 08h
72 b, by 01 BA 0Ch
73 b, bg 01 BA 10h
78 b, b, 01 BA 6Ch
79 b, bg 01 BA 70h
79 bs b, 01 BA 74h
79 b; b, 01 BA 78h
79 b, b, 01 BA 7Ch

Figure 110 — Status bits and related INFO 1/PAC 1 address locations on layer L1

The statys bits of INFO 2/PAC 2 locations on layer L1 field shall specify the recording status of all B2
clusters in the INFO 2/PAC 2 zone on layer L1 (see Figure 111). The bit'pairs shall be set as defined in 2112.

Byte position Bits INFO2/PAC 2 location PAA
88 b, b, 3E 45 80h
88 bs b, 3E 45 84h
88 b; b, 3E 45 88h
88 b, b, 3E 45 8Ch
89 b, b, 3E 45 90h
94 b, by 3E 45 ECh
95 b, b, 3E 45 FOh
95 bs b, 3E 45 F4h
95 b; b, 3E 45 F8h
95 b, by 3E 45 FCh

Figure 111 = Status bits and related INFO 2/PAC 2 address locations on layer L1

The recojding mode field specifies the mode in which user data is going to be recorded in the user dgta
area. This field shall be set to 00h to indicate sequential recording mode, unless otherwise specified py
the BDAP.

The last recorded address of user data area field shall specify the PSN of the highest numbered physical
sector in the user data area recorded with data supplied by the host. This address shall be equal to the
LRA of the highest numbered SRR containing user data (see 22.4.6.4). If no user data is recorded in user
data area, the value of this field shall be set to 00 00 00 00h.

The next available PSN of test zone on layer LO field shall specify the first PSN of the next usable cluster
available for testing and OPC procedures in the test zone on layer LO. The initial value for this field in
case of an unused test zone is 00 OE DF 60h (the highest addressed 4 clusters of the test zone on layer
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L0 shall be reserved as a buffer zone). If the test zone on layer L0 has no free cluster, this field shall be
set to FF FF FF FFh.

NOTE1 Ifan OPC procedure fails, the drive can be unable to correctly update the TDMS.

The next available PSN of test zone on layer L1 field shall specify the first PSN of the next usable cluster
available for testing and OPC procedures in the test zone on layer L1. In case of an SL disk, this field
shall be set to 00 00 00 00h. The initial value for this field in case of an unused test zone is 01 F3 EF EOh.
If the test zone on layer L1 has no free cluster, this field shall be set to FF FF FF FFh.

us
in

calibration zone on layer L0 has no free cluster, this field shall be set to FF FF FF FEh:

N(

T}
us
cal
ur

cliister, this field shall be set to FF FF FF FFh.
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3.4.5 Temporary defect list (TDFL)

able cluster available for drive calibration procedures in the drive calibration zone(on-lays
tial value for this field in case of an unused drive calibration zone is 8 x (LAA +.C2Eh). If]

TE3 Ifan OPC procedure fails, the drive can be unable to to correctly update the-DCZ.

able cluster available for drive calibration procedures in the drive\calibration zone on la
se of an SL disk, this field shall be set to 00 00 00 00h. The injtial’value for this field in ¢
used drive calibration zone is 8 x (FAA - 4 34h). If the drive calibration zone on layer L1 h

TE4  Ifan OPC procedure fails, the drive can be unable to carrectly update the DCZ.

e first PSN of first cluster of defect list field shall spécify the first PSN of the first cluster of
mporary defect list in the TDMA zone.

e first PSN of sequential recording range information field shall indicate the PSN of the first
e latest sequential recording range information in the TDMA zone.

e drive ID: manufacturers name/additional ID/unique serial number fields shall uniquel

lowing format (see 18.3.15):
48 bytes manufacturers naine, represented by characters from the ISO 646 character set
48 bytes additional ideritification, represented by characters from the ISO 646 character

32 bytes unique.S€rial number of the drive.

4.5.1<-General

def

N . .
The next available PSN of drive calibration zone on layer LO field shall specify the first BSN c—)lf the next

r LO. The
the drive

e next available PSN of drive calibration zone on layer L1 field shall speeify the first PSN of the next

yer L1. In
ase of an
s no free
the latest

sector of

y identify

e drive that has recorded this TDDS._ These 128 bytes shall contain a drive signature accordjing to the

set;

efirst data frame of the TDFL contains the defect list header followed by a list of defects. The list of

echallba tarmain ot d Loy o dofo ot 1ot 4 oo ot

TCTTS—STTarT O T IITIITatC U Uy o OCTC CTTIT ST CCT T TAa tOT

The list of defects is reserved, unless otherwise specified by the BDAP.

22.4.5.2 TDFL data structure

The TDFL data frame shall be composed as shown in Figure 112.
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Byte position
Data frame in data frame Content Number of bytes
0to 63 Defect-list header 64
0 64to71 Defect-list terminator 8
72 to 2047 Set 00h 1976

Figure 112 — Format of temporary defect list

The defedt list header (DLH) identifies the defect list and contains information about the composition|of
the list of|defects (see 22.4.5.3).

The defedt list terminator closes the list of defects and shall be written immediately followingthe actyal
last entryf in the list of defects. The defect list terminator shall be located in the last data*frame of the
TDFL (se¢ 22.4.5.4).

All remaihing bytes following the defect list terminator in the last data frame shallbe set to 00h.

22.4.5.3 |Defect list header

Figure 113 shows the format of the defect list header.

Data frame ?nyflzgog};lr?lrel Content Nutr)r}l, l':c)g;‘ of
0 Oto1l DFL identifier 2
0 2 BEL format 1
0 3 Reserved 1
0 4to7 DFL-update count 4
0 8to 11 Reserved 4
Reser nl herwi
: 121023 e |12
0 24 to 63 Reserved 40

Figure 113 — Format of defect list header

The DFL identifier shall bezset to 44 4Ch, representing the characters “DL".

The DFL format field shall be set to 00h, identifying a DFL.

The DFL hpdate eount shall specify the total number of update operations of the defect list. This figld
shall be det to@0 00 00 00h during the initialization operation and shall be incremented by one each
time the DELis'recorded on the disk.

22.4.5.4 Defect list terminator
The defect list terminator shall be composed of two 4-byte parts:
— the first 4 bytes shall be set FF FF FF FFh;

— the second 4 bytes shall be equal to the TDFL update count in the header of the TDFL (can be used
to check the validity of the defect list).
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22.4.6 Sequential recording range information (SRRI)

22.4.6.1 General

The SRRI structure specifies the recording status for sequential recording mode (SRM). One structure
covers both SL and DL disks. The data structure of the SRRI is described in 22.4.6.2.

22.4.6.2 SRRI data structure

The SRR icture, consisting of one sector, contains an R entries
An SRRI terminator shall terminate the list of SRR entrie.
data frame i data frame Content Number of bytes
0to 63 SRRI header 64
30 64to71 SRR entry 8
72to 79 SRRI terminator 8
80 to 2 047 Set 00h 1968
31 (TDDS)

Figure 114 — Format of SRRI table

The SRRI header identifies the SRRI and contains informiation about the composition of the ljst of SRR
entries (see 22.4.6.3).

The SRR entry contains a list of SRRs and their related information (see 22.4.6.4). The numbdr of SRRs
is pne, unless otherwise specified by the BDAP.

The SRRI terminator closes the list of SRR entries and shall be written immediately following the actual
lagt entry in the list of SRR entries (see 22.4.6.5).

All remaining bytes following the SRRT terminator until the data frame boundary shall be set{to 00h.

22.4.6.3 SRRI header

The SRRI header shall be composed as shown in Figure 115.

Relative data Byte position Content Number of Bytes
frame in data frame

Oto1l SRRI identifier 2

2 SRRI format 1

3 Reserved 1

4to7 SRRI-update count 4

8to11 Reserved 4

30 TZ27to 15 Number of SRR entries 7
16 Number of open SRRs 1

17 to 19 Reserved 3

20 to 21 Open SRR number 2

Reserved unless otherwise

221051 specified by the BDAP 30

52 to 63 Reserved 12

Figure 115 — SRRI header
The SRRI identifier field shall be set to 53 52h, representing the characters “SR”.
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The SRRI format field shall be set to 00h, identifying an SRRI.

The SRRI-update count shall specify the total number of update operations of the SRRI structure. This
field shall be set to 00 00 00 00h during the initialization operation and incremented by one each time
the SRRI structure is updated.

The number of SRR entries shall indicate the total number of SRR entries in the SRRI. The number of
SRRs is one, unless otherwise specified by the BDAP.

The number of open SRRs field shall indicate the number of SRRs with status open. The maximum value
of this fieldis one unless otherwise cppr‘ifipr] by the BDAP The value of this field shall be set to Q0h

after the flisk is recorded.

The open|SRR number shall indicate all SRR numbers with status open.

22.4.6.4 |SRR entry
The SRR ¢ntry shall be formatted as shown in Figure 116.
SRR entry consists of 8 bytes and is recorded contiguously.

The byte$ of the SRR entry are converted into a 64-bit sequence with the-msb first. The list of SRR
entries shall be sorted in ascending order as if each entry were a singley64-bit unsigned integer. SRR
numbers ghall be assigned as one unless otherwise specified by the BDAP.

byte|0/bit byte 0/bit 3..0 & byte 4/bit7 |byted/bit 6.4 byte 4 /bit 3..0 and
714 byte 1to 3 of SRR entr of'SRR entr byte 5to 7
of SRR entry of SRR entry y y of SRR entry
bz 1 beo bsg .. bz, b3, bsg .. bag by; . by
Resgrved | Starting PSN of the SRR | Sessiofnrstart Reserved LRA in the SRR

Figure 116 — SRR entry

The starfing PSN of the SRR shall-specify the first PSN of the first cluster of the SRR and be set|to
00 10 00 POh unless otherwise spécified by the BDAP.

The sessipn start bit shall indicate if this SRR is the first SRR in a session and shall be set to ONE unlgss
otherwis¢ specified by the:BDAP.

The LRA|in the SRR shall specify the PSN of the last sector in the SRR recorded with data supplied
by the host for an,.enapty SRR, the value of this field shall be set to 0 00 00 00h. For an open SRR, the
relation Hetween'NWA and LRA shall be given by Formulae (58) and (59):

If Ny g 4% 4 00°00 00h;

Nywa = 32 x [floor(Nyga/32) + 1] (58)

If Ny g, = 0 00 00 00h:

Nywa = Nsspr (59)

where
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Nira isthe address value of LRA;

Nywa is the address value of NWA;

Nggrp is the address value of start PSN of the SRR.

22.4.6.5 SRRI terminator

The SRRI terminator shall be composed of the following two 4-byte parts:

the first 4 bytes shall be set kI FI FF FFh;

ISO/IEC 30190:2021(E)

—|{ the second 4 bytes shall be equal to the SRRI-update count in the header of the SRRIstrugture.
22.5 Unrecorded (blank) disk structure
23.5.1 General
Sgme zones of an unrecorded disk may be pre-recorded before shipmentof the disk. The statup of zones
or] an unrecorded (blank) disk is summarized in 22.5.
23.5.2 Pre-recorded areas on unrecorded disk
The areas on the unrecorded (blank) disk that are specified in Figure 117 and Figure 118 may be pre-
recorded.
— First PAA Nyder of Pre-recorded
Zone name | Description phys. o Reference
of zone condition
clusters
BCA BCA N Either? See clause 35
PIC PIC - --- Recorded ---
Reserved 8 01-B8 00h 32 Either? See 18.3.2
Reserved 7 01.B8 80h 32 Unrecorded
Reserved 6 01 B9 00h 32 Unrecorded
INFO 2 Reserved 5 01 B9 80h 32 Eitheral See 18.3.5
PAC 2 01 BA 00h 32 Either? See 18.3.6
DMA 2 01 BA 80h 32 Unrecorded ---
Controldata2 | 01 BB 00h 32 Unrecorded ---
Buiffer 2 01 BB 80h 32 Unrecorded ---
OPC 0 Test zone 01 BC 00h 2 044 Either? See 18.3.1(
OPC 0 buffer | 01 DB FOh 4 Unrecorded ---
TDMA @ 01 DC 00h 2 048 Either? See 18.3.1]
Pre-writearea | 01 FC 00h 32 Either? See 18.3.14
Drive area 01 FC 80h 32 Unrecorded ---
Drive area 01 FD 00h 32 Unrecorded ---
INEA 1 Drive area 01 FD 80h 32 Unrecorded ---
Drive area 01 FE OOh 32 Unrecorded ---
DMA 1 01 FE 80h 32 Unrecorded ---
Controldatal | 01 FF 00h 32 Unrecorded ---
PAC 1 01 FF 80h 32 Either? See 18.3.18
(Datazone 0) [ 02 00 00h Unrecorded

2 Either means that the zone may or may not be pre-recorded according to its description.

Figure 117 — Pre-recorded areas of inner zone 0 (lead-in zone)
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D — First PAA Number of Pre-recorded
escription . Reference
of zone phys. clusters condition
(Data zone 1) Unrecorded ---
PAC1 3E 00 00h 32 Either? See 18.4.18
Control data 1 3E 00 80h 32 Unrecorded ---
DMA 1 3E 01 00h 32 Unrecorded ---
INFO 1 Drive area 3E 01 80h 32 Unrecorded ---
Drive area 3E 02 00h 32 Unrecorded ---
Drive area 3E 02 80h 32 Unrecorded ---
Drive area 3E 03 00h 32 Unrecorded ---
Pre-write area 3E 03 80h 32 Either? See 18.4.14
Resdrved 3E 04 00h 2048 Unrecorded
TDNA 1 --- 3E 24 00h 2 048 Unrecorded See 184.12
Buffer 2 3E 44 00h 32 Unrecorded ---
Control data 2 3E 44 80h 32 Unrecorded ---
DMA 2 3E 45 00h 32 Unrecorded
iNdo 2 PAC 2 3E 45 80h 32 Either? See 18.4.8
Reserved 5 3E 46 00h 32 Eithera See 18.4.7
Reserved 6 3E 46 80h 32 Unrecorded
Reserved 7 3E 47 00h 32 Unrecorded ---
Reserved 8 3E 47 80h 32 Either? See 18.4.4
Buffer --- 3E 48 00h 1408 Unrecorded ---
OoPC1 Test zone 3E 5E 00h 2048 Either? See 18.4.2
Buffer --- 3E 7E 00h 1408 Unrecorded ---
Protection )
zone 1 X 0,$'
aEith¢r means that the zone may or may not be pre-recorded according to its description.

2253 P

BCA code
BDAP. Th

22.54 P

When BC
pre-write
recorded
and 18.4.]

re-recorded BCA

Figure 118 — Pre-recorded areas of the inner zone 1 (lead-out zone)

may be recorded or-not. The BCA code is not recorded, unless otherwise specified by t
e modulation and fermat of the BCA code are not specified in this document (see Clause 35)

re-recordedINFO 2 /Reserved 5, Reserved 8 and Pre-recorded INFO 1/Pre-write area

A code ismot recorded on an unrecorded disk, INFO 2/reserved 5, reserved 8 and INFO
area in~both inner zone 0 and inner zone 1 are recorded with all 00h. When BCA code
onan/unrecorded disk, these zones are unrecorded (see 18.3.5, 18.4.7, 18.3.2, 18.4.4, 18.3

1/
is
14

4.

22,55 P

re-recorded INFO 1/PAC 1 and Pre-recorded INFO 2 /PAC 2

When BCA code is not recorded on an unrecorded disk, IS1/1S2 PAC structures are recorded in INFO 1/
PAC 1 and INFO 2/PAC 2. When BCA code is recorded on an unrecorded disk, these zones are unrecorded
and IS1/1S2 PAC structures are not recorded (see 21.4).

22.5.6 OPC 0/Test zone and OPC 1/Test zone

When BCA code is not recorded on an unrecorded disk, some clusters in OPC 0 test zone and OPC 1 test
zone may be used to perform OPC to record the pre-recorded zones (see 18.3.10 and 18.4.2).
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22.5.7 TDMAO

When BCA code is not recorded on an unrecorded disk, zones that specified in Figures 117 and 118 may
be recorded. When some zones are recorded on the unrecorded disk, TDMS in the TDMA 0 is recorded

to

specify the following:
zones are recorded;
an empty SRR is created from LSN 0;

some OPC clusters are used.

272

BI
w
re

A
st

BI

by
Fij

27

TH
fir
th

T}

272
T}

2.6.1 General

.5.8 Initialization of disk

recordable disks are initialized before use. When a temporary disk managementsbructure
[ite area(s) (see 18.3.14 and 18.4.14) are not recorded on an unrecorded disk)\these area
corded before recording in the user data area.

newly created TDMS shall have all update count fields set to ZERO. The" TDMS shall be
hrting from the first cluster following the TDMA access Indicators of FDMA 0.

recordable disks may be formatted for the sequential recording.mode, unless otherwise
the BDAP. A newly created a single-cluster TDMS contains, thie ‘following elements (see 2
bure 106):

an empty TDFL, containing only a header, no DFL entriés and a terminator;
an SRRI with at least one open SRR (the first SRRI entry shall have the session start bit se

a TDDS with all relevant information like (see Figure 107).

.6 Recorded (closed) disk structure

e recorded disk structure is summarized in 22.6. When data recording on an unrecord
ished, the areas of the disk'shall be recorded as specified. If all clusters in all TDMAs have b
e disk shall be considered‘arecorded disk.

.6.2 DMA zones

e structures’in the DMA zone describes the exact status of the disk at the moment data

and pre-
5 shall be

recorded
specified

2.4.3 and

[ to ONE);

bd disk is
een used,

e 4 DMA zones of arecorded disk and the DMA access indicator (see 22.3.2) shall be recorded (closed).

recording

was finished. The SRR status shall be set to closed, the TDMS structures shall be updated and written
to[the TDMA on the recorded disk. Optionally, all remaining clusters in the TDMAs can be|recorded
withrall 00h data (see Figure 119).
Other unwritten areas on the disk do not need to be recorded.
Inner zone Outer zone
DMAZ DMA1 Data zone DMA3 |[DMA4

Figure 119 — Disk management areas

The DMAs 1, 2, 3 and 4 shall be recorded with copies of the information contained in the latest TDMS.

©
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The DDS in the DMA zones preserves the references to these TDMS.
22.6.3 Disk management structures (DMS)

22.6.3.1 General

A disk management structure (DMS) is made up of a disk definition structure (DDS) and a defect list
(DFL). The DDS is combined in one cluster with an SRRI and shall be repeated for robustness reasons.
The DFL consists of 4 consecutive clusters on an SL disk and 8 consecutive clusters on a DL disk and can
be repea dseven times

All four ofcurrences of the DMS, recorded in the DMA zones in the inner and outer zone(s), shall.contdin
the same |nformation, except for the first PSN of defect list (see 22.4.4, byte 24 of data frame 0 of'the DDF).

The DMA| zones shall be updated in the order DMA 1, DMA 2, DMA 3 and DMA 4 for ease-of handling
possible power-down failures.

22.6.3.2 |Disk management structure (DMS) on SL disk

On an SL disk, the DMAs consist of 32 consecutive clusters as indicated in Figure 120.

Tracking direction

llayer LO Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32

Figure 120 — Clusters of DMA’s on SL disk

The DDS + SRRI shall be repeatedly recorded in théfifst 4 clusters of each DMA. The DFL is recorded
in clusters 5 to 8 of each DMA and may be optionally repeated in clusters 9 to 32 (if no repetition|is
applied, dlusters 9 to 32 shall contain all 00h) (see Figure 121).

—n

Cluster 1 to 4 DDS #'SRRI Four repetitions

Cluster 5to 8 15t position of DFL DFL

Cluster 9 to 12 2™ position of DFL Optional copy of DFL
or 00h

Cluster 13-te'16 | 374 position of DFL Optional copy of DFL
or 00h

Optional copy of DFL

th e
Cluster 29 to 32 | 7" position of DFL or 00h

Figure 121 — Example of DMA zone on SL disk

The first data frame 0 of each of the clusters 1 to 4 is designated as the DDS and shall contain a copy
of the latest TDDS, except for the first PSN of defect list, which address shall be set to the first PSN
of cluster 5, 9 .. or 29 of the DMA zone containing this DDS. The indicated address shall identify the
occurrence of the first full DFL that can be retrieved error free.

Data frames 1 (see 22.4.3) of each of clusters 1 to 4 are designated as the SRRI and shall contain a copy
of the latest SRRI from the TDMS. All remaining data frames 2 to 31 shall contain all 00h.

The DFL, recorded in clusters 5 to 8, shall contain a copy of the latest TDFL, which TDFL shall be padded
with ZERO data up to a length of 4 clusters. The DFL may be repeated for robustness reasons in each
following group of 4 clusters in each DMA.
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22.6.3.3 Disk management structure (DMS) on DL disk

On a DL disk, the DMAs consist of 64 clusters divided over the two recording layers as indicated in

Figure 122.
Tracking direction
Layer LO Cluster Cluster Cluster Cluster Cluster
1 2 3 31 32
Layer L1 Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33
Tr cu,}\iug direction
Figure 122 — Clusters of DMAs on DL disk
The DDS + SRRI shall be repeatedly recorded (see Figure 123) in the first 4 clusters of each PMA. The
DKL is recorded in clusters 9 to 16 of each DMA and may be optionally repeatedin clusters 1} to 64 (if
nd repetition is applied, clusters 17 to 64 shall contain all 00h).
Cluster 1 to 4 DDS + SRRI Four repetition
Cluster 5 to 8 Reserved
Cluster 9 to 16 15t position of DFL DEL
Cluster 17 to 24 | 2™ position of DFL Optional copy of DFL
or 00h
Cluster 25 to 32 | 3™ position of DFL Optional copy of DFL
or 00h
Cluster 57 to 64 | 7™ position of DFL gf(t)i&?al copy of DFL

Th
of
of
od

D3

copy of the latest SRRI from the TDMS. All remaining data frames 2 to 31 shall contain all 00h].

TH

e

pjngd with)ZERO data up to a length of 8 clusters. The DFL may be repeated for robustness 1

Figure 123.— Example of DMA zone on DL disk

e first data frame 0 of each of the clusters 1 to 4 is designated as the DDS and shall conta
the latest TDDS, except for.the first PSN of defect list, which address shall be set to the
cluster 9, 17 .. or 57 of the)DMA zone containing this DDS. The indicated address shall id
currence of the first fulkDFL that can be retrieved error free.

ta frames 1 (see 22:4.3) of each of the clusters 1 to 4 is designated as the SRRI and shall

e DFL, recerded in clusters 9 to 16, shall contain a copy of the latest TDFL, which TDFI

h following group of 8 clusters in each DMA zone.

2% R Ftopi brers (ESNs)

in a copy
first PSN
entify the

contain a

, shall be
easons in

Logical sector numbers shall be assigned contiguously over all clusters available for storage of user
data, starting from LSN 0 and increasing by one for each successive user data frame (see Figure 124).

LSN Ois assigned to the first user data frame in the first cluster after the lead-in zone (at PSN =1 048 576).

The last LSN on layer LO is equal to 8 x LAA + 15 - 1 048 576 and is assigned to the last user data frame

in

the last cluster before the outer zone 0 (at PSN =8 x LAA + 15 = X).

The first LSN on layer L1 shall be one higher than the last LSN on layer L0 and is assigned to the first
user data frame in the first cluster after the outer zone 1 (at PSN =8 x FAA = X+FE 00 00 00h ).
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The last LSN on layer L1 isequal to 16 x LAA + 31 -2 097 152 and is assigned to the last user data frame
in the last cluster before the lead-in zone (at PSN = 01 EF FF FFh).

Inner Outer Outer Inner
radius Layer LO radius  radius Layer L1 radius

LSN
—

24 Chal

The sign

In this do
— signa
— signa

In Clause
of the gro

All requit
of other 1
of the em
radius of
fulfilled i

25 Metl

User data area /

User data area

S |Lead-in Outer Outer Lead-out

2 zone zone 0 ,| zome 1 zZone

g 7 \ 17 Y N ——

S PSN
00 10 00 00h X X+ FE 00 00 00h O1\EF FF FFh

Figure 124 — Assignment of logical sector numbers

racteristics of grooved areas

h

cument, the following two types of signals-are distinguished:
Is generated by the groove structures efvthe disk;
Is generated by user-written marks:

b 25 to 27, the signals generated by the groove structures are defined and specified (the forn
oves has been defined in Clause 15).

ements in Clauses 25 t0-27 shall be fulfilled in all layers independent of the recording stat
bossed HFM area(s) (start/end of the PIC zone) at nominal radius 22,4 mm up to the inn

the outer zone(S)+ 20 pm (dpyo/2 + 20 um). It is recommended that the specifications are al
h the remainder of the outer zone(s).

nod oftesting for grooved area

h]l values specified in Clauses 24 to 27 are valid, for all disk capacities, unless specified
otherwise.

at

Uus

ecording layer (whether unrecorded, recorded or partially recorded) from the inner radius

er
SO

25.1 Ge

erat

The tests shall be performed in the recordable areas. The write and read operations necessary for the

tests shal

I be made on the same reference drive.

When measuring the signals, the influence of local defects, such as dust and scratches, are excluded.
Local defects can cause tracking errors or uncorrectable data (see Clause 34).

25.2 Environment

All signals shall be within their specified ranges if the disk is in its range of allowed environmental

condition

160

s as defined in 8.1.1.
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25.3 Reference drive

25.3.1 General

All signals shall be measured in the appropriate channels of a reference drive as specified in Clause 9
and in Annex H.

25.3.2 Read power

The read power is the optical power, incident on the entrance surface of the disk and only used for
repding the information. The read power shall be as follows:

—{ (0,35 = 0,1) mW for an SL disk; and
—{ (0,70 = 0,1) mW for a DL disk.

253.3.3 Read channels

The drive shall have two read channels as defined in 9.5 and 9.6. The HEsigiial from the HF read channel
shpll not be equalized, except when measuring jitter (see Annex H for-detailed specifications).

Fgr measurement of the push-pull signals, the radial PP read channels shall be filtered by a fjrst order
LHF with f 5,5 = 30 kHz.

Fgr measurement of the wobble signals, the radial PP read channels shall be filtered by a first prder LPF

23.3.4 Tracking requirements

During the writing and reading of the signals,'the axial tracking error between the focus of the optical
bgam and the recording layer shall be: e_,,(axial) = 80 nm, and the radial tracking error befween the
fofus of the optical beam and the centre ofthe track shall be e, (radial) = 20 nm.

Fdr 4x and 6x disks, local defects that cause large axial tracking errors shall be taken into account as
dgscribed in Annex I.

23.3.5 Scanning velocities

The actual rotation speed of the disk shall be such that it results in an average channel Qit rate of
64,000 Mbit/s or anavérage wobble frequency of 956,522 kHz.

25.4 Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector and, therefore,
lifearly\related to the optical power falling on the detector.

This total detector current is referred to as per Formula (60):

IG = (Il + IZ)groove (60)

Push-pull signal

The push-pull signal is the low-pass filtered sinusoidal difference signal (/; - I;) in the radial PP read
channel (see Figure 7), when the focus of the optical beam crosses the tracks. The push-pull signal can
be used by the drive for radial tracking (see Figure 125).
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In general, the difference signal (I; - I;) is normalized relative to the low-pass filtered total detector
current (I; + I,). The peak-to-peak value of this real-time normalized push-pull signal, Vpp, o 1S

defined as per Formula (61):

I, (6)-1, (t) (h=l)y, (h=l)yy

PPnorm
11 (t)+12 (t) peak-peak (11 +12 )att2 (11 +12 )attl

= (61)

Wobble g

The wobl
radial PP
to 25.3.4.

The signg
as per Fol

I

Ratio bet

NWS [~

Detector
currents
(mA)

_/(I1 +1,)
Sum signal

<

1

l

1

(11 - 12) max :

|

1

!

1

0 T
- 1) we S o
Difference signal [ , Radial position

: ! (time)
(11' 12) min : :
On track On track

Figure 125 — Definition of push-pull signals

ignal

le signal, Iy, is the peak:to-peak value of the sinusoidal difference signal (I; - I,) in t
read channelplfsee Figure(7), when the focus of the optical beam follows the tracks accordi
See also Annex M and Annex E for a measurement method.

I'shall be normalized by the peak-to-peak value of the push-pull signal (I; - 1) ,, to be, Iy
'mula (62):
B Ipr G

ween normalized push-pull of the HFM groove area and the wobbled groove area

VS

2)

The ratio between normalized push-pull signals of the HFM groove area and the unrecorded wobbled
groove area, Ry, is defined as Formula (63):

R =
HWG ~ 7,

162

VPPnorm,HFM

PPnorm,WG,unrec.

(63)
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26.1 Push-pull polarity

2021(E)

The polarity of the push-pull signal is said to be positive if the signal has the same polarity as the push-
pull signal detected from the following pit/groove geometry:

“on-groove recording” (see 15.2);

the single pass phase depth of the grooves is less than 90°.

If
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ng
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ng
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the polarity is opposite to the polarity of the specified case, it is said to be negative.

formation (see 15.8.3).

26.2 Push-pull signal

e peak-to-peak value of the real-time normalized push-pull signal, Vppysei gy in the embo
eas shall be as per Formula (64):

0,26 < Vppnorm,urm < 0,52

26.3 Wobble signal

e normalized HFM-wobble signal is a measure of the deviation of the groove track from if]
htreline. Due to interference with the wobbles pf\adjacent tracks, the amplitude of the HF
rnal shows a variation (called wobble beat).

locations where the HFM wobble signal-shows minimum amplitudes due to the wobble
rmalized HFM wobble signal amplitudelJy;ys, shall be as per Formula (65):

0,30 < Iyggysmin < 0,60

locations where the HFM swobble signal shows maximum amplitudes due to the wobble
rmalized HFM wobble signal shall be as per Formula (66):

INHws,max S 3 % INgS)min

TE Because the shape of the HFM wobble signal detected in the embossed HFM areas differs si
m the wobble Signal in the recordable areas, the measurement procedure as described in Anng
table foraneasuring these HFM wobble signals.

26.4-itter of HFM signal

e polarity of the push-pull signal on each recording layer of the disk shall be indicated in the disk

ssed HFM

(64)

s average
M wobble

beat, the

(65)

beat, the

(66)

pnificantly
X E is not

Tt

e binarized wobble signal Irom the HFM groove represents the embossed HFM miormat

on in the

PIC zone. The jitter of the leading edges and the jitter of the trailing edges of this binarized signal shall
be measured separately relative to a PLL clock.

Both the leading-edge jitter and the trailing-edge jitter shall be <4,5 %.

The jitter shall be measured under the following conditions:

ac coupling (high-pass filter): first order, f 345 = 10 kHz;

no equalization;

normalized by 18T clock period (see 15.5.4.2).
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27 Signals from wobbled groove(s)

27.1 Phase depth

The single-pass phase depth of the groove shall not exceed 90°.

27.2 Push-pull signal

The peak-to-peak value of the real-time normalized push-pull signal, Vpp,, ., shall fulfil in each layer as
per Formplae{6/-3-+o-{+53

in unfrecorded areas (all neighboring tracks unrecorded):

for HTL disks;
0,45

VPPnorm,unrec. <

for LTH disks;
<0,60

VPPnorm,unrec.

maximum variation of push-pull signal within 150 tracks in unrecorded areas:

PPnporm,unrec. )max _(VPPnorm,unrec. )

fpr SL disks;

(VPPnorm,unrec. )max _(VPPnorm,unreC. )

min < 15

+ _
PPnjorm,unrec. )max PPnorm,unrec. /pin

for DL disks;

min <(,18

(VPPnorm,unrec. )max +(VPPnorm,unrec. >min

maximum variation of push-pullsignal within one layer in unrecorded areas:

(VPPnorm,unreC. )max _(VPPnorm,unreC. )

min < 25

(VPPnorm,unrec. )max +(VPPnorm,unrec. >min

in re¢orded areas (dll)iieighboring tracks recorded):

fpbr HTL disks;

0'21 3 VPPnorm,rec. s 0'45

q7)

(48)

(19

for CLTH diSKs;

0'21 s VPPnorm,rec. s 0'60

ratio of average push-pull signals in recorded and unrecorded areas within one layer:

for HTL disks;

|74
0,75S PPnorm,rec. S1,25

164

PPnorm,unrec.

for LTH disks;

(73)

(74)
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O,SOS VPPnorm,reC. <1,0

PPnorm,unrec.

27.3 Wobble signal

27.3.1 General

tr

2

D
\Y%
CO

At
th

At
ng

27

T}
Vel
Sig

T}

hck centre line can be calculated accordlng to the 1nformat10n in Annex M

.3.2 Measurement of Iy

e to interference with the wobbles of adjacent tracks, the amplitude of the wobble signa

driation (called wobble beat). The wobble signals shall be measured in arunrecorded a

ntinuously tracking the spiral groove. A measurement procedure shall follow Annex E.

locations where the wobble signal shows minimum amplitudes (excluding the effects of MS
e normalized wobble signal shall be as per Formula (76):

0,20 < Iyws,min < 0,55

locations where the wobble signal shows maximum<amplitudes due to the wobble
rmalized wobble signal shall be as per Formula (77);

INws,max < 3 % INws,min
.3.3 Measurement of wobble CNR

locities of the disk as defined in 15:8:3, shall be greater than 26 dB at the locations where t
bnal shows minimum amplitudes:

e carrier shall be measured*'at 956,5 kHz, and the noise level shall be measured at 500

Annex E for detailed specifi¢ations).

27
Ta
Sig
m

TH
by

.3.4 Measurementof harmonic distortion of wobble

bnal shall bebsufficiently low compared to the second harmonic level originating from
pdulatiof,

e sécond harmonic level, Lgy;, and the second harmonic distortion level, Lgyp, shall be de
measuring the fundamental wobble frequency level and the second harmonic frequency le

2021(E)

(75)

The normallzed wobble signal is a measure of the dev1at10n of the groove track from its average

€ average

Il shows a
rea while

K marks),

(76)

beat, the

(77)

e narrow band S/N (or CNR) of the.wobble signal after recording, at minimum and the Iaximum

e wobble

kHz (see

guarantee aminimum quality of the HMW modulation, the second harmonic distortion of tlhe wobble

he HMW

termined
el at two

locations of the disk. Both Ievels shall be measured In the data zone and In protection Zzone 3.

The ratio of the Lgy, and Ly, normalized to the local fundamental wobble frequency level, shall meet
one of the following requirements:

Lgyp/Lgy, < =12 dB with zero radial tilt;

LSHD/LSHL < _6 dB Wlthln i0,700 Of I'adlal tllt.

The measurements shall be made using a spectrum analyzer (see Annex E for detailed specifications).
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27.4 HFM and wobbled groove transition requirements for LTH disks

For LTH disks, to guarantee a minimum quality of groove tracking of the HFM groove and the wobbled
groove areas, the ratio of the normalized push-pull signals of the HFM groove and the unrecorded
wobbled groove areas, Ry, shall fulfil Formula (78):

Rywe = 0,50 (78)

28 Characteristics of recording layer

The signpl values specified in Clauses 28 to 31 are valid for all disk capacities, unless specifiLd
otherwisg.

In this document, two types of signals are distinguished as follows:
— signdls generated by groove structures on the disk; and
— signdls generated by user-written marks.

Clauses 29 to 31 specify a series of tests to assess the recording properti€s-of the recording layer, |as
used for Writing data.

All requiements in Clauses 29 to 31 shall be fulfilled in all layers indépendent of the recording statjus
of other fecording layer (whether unrecorded, recorded or partially' recorded) from the inner radius
of the re¢ordable area (start/end of the INFO/OPC zone) at nominal radius 23,2 mm up to the inner
radius of the outer zone(s) + 20 um (dpyo/2 + 20 pm). It is recotnended that the specifications are also
fulfilled ih the remainder of the outer zone(s).

29 Method of testing for recording layer

29.1 General

The tests|shall be performed in the recordable areas. The write and read operations necessary for the
tests shall be made on the same reference drive.

When mdasuring the signals, the"influence of local defects, such as dust and scratches, are excluded.
Local defgcts can cause tracking errors or uncorrectable data (see Clause 33).

29.2 Enyironment

All signals shall be within their specified ranges if the disk is in its range of allowed environmental
conditionfs as defified in 8.1.1.

29.3 Reference drive

29.3.1 General

All signals shall be measured in the appropriate channels of a reference drive as specified in Clause 9
and in Annex H.

29.3.2 Read power

The read power is the optical power, incident on the entrance surface of the disk and only used for
reading the information. The read power shall be as follows:

— (0,35 £0,1) mW for an SL disk; and
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— (0,70 £ 0,1) mW for a DL disk.

29.3.3 Read channels

2021(E)

The drive shall have two read channels as defined in 9.5 and 9.6. The HF signal from the HF read channel
shall not be equalized, except when measuring jitter (see Annex H for detailed specifications).

29.3.4 Tracking requirements

During the writing and reading of the signals, the axial tracking error between the focus of t

b

for 6x disks at radii up to 36 mm. For 6x disks at radii 36 mm and higher, the axial tracking e

b

The radial tracking error between the focus of the optical beam and the centre.of'the trac
maximum 16 nm for 2x disks, maximum 20 nm for 4x disks and 6x disks.

he optical

gam and the recording layer shall be maximum 55 nm for 2x disks, maximum 80 nm for 4x

g maximum 80 nm or maximum 110 nm if the disk meets the jitter performance.

disks and
rror shall

k shall be

Far 4x and 6x disks, local defects that cause large axial tracking errors shall’be taken into account as

dascribed in Annex I.

29.3.5 Scanning velocities

=)

29.4 Write conditions

2

Marks and spaces are written on the:disk by pulsing a laser. The laser power is modulated acq

(0]

mplti-pulse train of write pulsés,

The laser power during reécording has the following four levels, which are the optical power

(0]

— the write-peakpower, Py;
— the bias-w&it€ power Pgy, or the middle power, Py;
— the space power, Pg;

— the tooling power, Pg.

Write tests shall be carried out at the velocities defined in the DI units that are present on the
15

8.3).

yring reading, the actual rotation speed of the disk shall be such, that it results in an averag
it rate of 66,000 Mbit/s or an average wobble frequency of 956,522 kHz.

9.4.1 Write pulse waveform

e of the write pulse waveforms given in Annex F. A 2T to 9T NRZI run length is written by 3

1 the entrance surfaceof-the disk:

disk (see

e channel

ording to
pplying a

5 incident

MarKsare created Dy the write-peak power, Fy, Spaces are created by the space power, Fg.

The values of Py, Py, Ps, Py; and P shall be optimized according to the procedure in Annex G.

The actual powers Py, Pgyw, Ps, Py and P for testing shall be within 5 % of their optimum values,
where Pgy, P¢, Py and Pg shall be proportional to Py, according to the ratios, ¢, as specified in the disk
information (see 15.8.3).

2

9.4.2 Write powers

The optimized write powers Py, Pgwo » Psor Pyo and Pgqg shall meet the conditions as shown in
Figure 126.
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Media type High-to-low (HTL) disks Low-to-high (LTH) disks
Velocity Layer SL DL SL DL
Power . . . .
Min. Max. Min. Max. Min. Max. Min. Max.

(mW)

Pyo (mW) 3,0 6,0 6,0 12,0 3,0 6,0
1x Pgwo (mW) 0,10 4,0 0,10 8,0 0,10 4,0 - -

Pgo (mW) 0,30 4,0 0,60 8,0 0,30 4,0 - —

Py (mW) 0,10 4,0 0,10 8,0 0,10 4,0 - -

Pyo M) 3,0 7,0 5,0 4,0 30 7.0 — —

Pgwo (mW) 0,10 7,0 0,10 14,0 0,10 7,0 - o
2§ | Pso (mW) 030 | 54 | 060 | 108 | 030 [ 54

Pgo (mW) 0,10 54 | o010 | 108 | 0,10 5,4
Pyo (MW)?2 1,50 7,0 3,0 14,0 --- - -€ -
Py (mW) 4,0 10,5 7,0 18,0 4,0 10,5

Pgwo (MW) --- - --- --- - - — o
4 P, (mW) 0,30 5,4 060 | 10,8 | 0,30 5.4
Peo (mW) 0,10 5,4 0,10 | 10,8 | 0,10 54
Py (mW) 2,0 10,5 | 3,50 [ 18,0 2,0 10,5
Pyo (mW) 5,0 14,0 8,5 22,0 5,0 14,0
Pgwo (MW) --- --- --- --- N/ - — o
63 Py (mW) 0,3 7,2 0,6 13,2 0,3 7,2
Pgo (mW) 0,1 7,2 0,1 13,2 0,1 7,2
Py (MW) 2,5 14,0 4,2 22,0 2,5 14,0

2 0nly when castle strategy is applied.

Figure 126 — Write power requirements for single and/or dual layer LTH and HTL disk

In additidn to the conditions shown in Figure 126, the write powers shall be such that:

- at1xV PWO>PSOZPCO and PSOZPBWO;

ref*
— at2 ¥ Vi Pwo > Pgo 2 P and Py 2 Pgyos

29.4.3 Write conditions for jitter measurement

The test for jittér-shall be carried out on any group of five adjacent tracks, designated (m-2), (m-1), m,
(m+1), (mp-2)dn'the recordable areas of the disk.

The five tracksareTecordedwith rarmdomrdata withrawrite power Py =Py as specified i 29241"To
measure the jitter, all five tracks are written with random data with a write power Py = Pyy.

29.5 Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector and, therefore,
linearly related to the optical power falling on the detector.

Jitter

Jitter is the standard deviation, o, of the time variations of the transitions in the binary read signal. This
binary read signal is obtained by feeding the HF signal from the HF read channel through an equalizer,
an LPF and a slicer (see Annex H for detailed specifications). The jitter of the leading edges and the jitter
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of the trailing edges is measured separately relative to a PLL clock and normalized by the channel bit
clock period.

30 Signals from recorded areas

30.1 HF signals

The HF signal is obtained by summing the currents of the four elements of the photodetector. These
currents get modulated by the different reflectivity of the marks and spaces representing the
information on the recording layer (see Figure 127).

30.2 Modulated amplitude

The modulated amplitude /g, is the peak-to-peak value of the HF signal generated by the largest mark
and space lengths. The peak value Ig, is the peak value of the HF signal beforeac-¢oupling.

The modulated amplitude I, is the peak-to-peak value of the HF signal geberated by the smallest mark
arld space lengths. The 0 level is the signal level obtained from the measuring device when ho disk is
inferted.

NOTE In the sync patterns, run lengths of 9T do occur. However, theyrecurrence of these 9Ts is vefy low and
therefore their influence on the HF peak-to-peak signal is negligibles

Igy = Itop

AT AT

Bpp /\ /\ /\ H
\/ \/ \/ \/ \/ \ ]
__________ \/A\ VA\I \v/ ' ' v
' S N7 ’? IZL
i ‘34' Sessss>
I Iy,
\ 4 0 level \ 4

Figure 127 — Schematic representation of HF signal from marks and spaces

Bgcause the I, is a relatively small signal, its amplitude can not be determined reliably fromja random
HE cignn] Therefore it is recommended to record an area with consecutive 2T marks and sgaces only
and to record an area with consecutive 8T marks and spaces only. The signals can now be measured
accurately with appropriate measuring equipment.

The modulation signals shall be as per Formulae (79) to (81):

Igpp/Igi 2 0,40 (79)

Ispp/lgpp = 0,25 (80)
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L pp/Igpp 2 0,040 for disks with a capacity of 25,0 GB and 50,0 GB (81)

The variations of the modulation signals shall be as per Formulae (82) and (83):

(Igtmax ~ Istmin)/IsHmax < 0,33 within one layer (continuously recorded) (82)

(Igtimax — Istmin)/Isimax < 0,15 within one revolution (continuously recorded) (83)

For DL dic]{c, the ratio hetween the modulation cigna]c on ]:lypr LO and ]:\ypr L1 shall be as ner

Formula (84):

- 0,23 < (Igy 1o ~ Ign,L1) / Ugy Lo + Ign L) < + 0,25 (continuously recorded) (44)

where Igy | o and Igy | ; are measured at the same position, both in radial and in tangential direction.

30.3 Reflectivity modulation product

The reflegtivity of the disk multiplied by the modulation (= normalized Ig,, modulated amplitude) shall
be as per|Formulae (85) to (87) (see Annex B for a detailed definition):

— for SIL HTL disks:

I
Rx M|=Rgy, x(%] with 0,050 <R x M < 0,15 (85)
8H

— for SIL LTH disks:
0,060 <RxM <0,18 (86)

— for DL disks:

8H

I
Rx M|=Rgy, x(ﬂJ with 0,016 <R x M < 0,048 87
I

The reflegtivity of the disk multiplied by the I, resolution (= normalized I,,, modulated amplitude)
shall be af per Formulae (88) and (89):

— for SI disks with capacity of 25,0 GB:

Lopp >
RXL|=Rgyy X ol RxI, 20,0036 (88)
8H
— for DL disks with capacity of 50,0 GB:
Rxl, =R x| 22 | Rxr, > 0,0012 89
X 2= SHX I_ , KX 2 =Y, ( )
8H

30.4 Asymmetry
The HF signal asymmetry shall fulfil Formula (90):

Ign+lg, L+l

~0,10<| — 2 Z__ |<+0,15 (90)

18pp
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The tracks on which the jitter is to be measured, shall be recorded as specified in 29.4.3.

The jitter shall be measured on the centre track m of the five recorded tracks at the reference velocity.

Both the leading-edge jitter and the trailing-edge jitter in track m (measured separately) shall fulfil the
following requirements.

On an SL disk and on layer LO of a DL disk, for all disks, independent on capacity:

<7,0 % when measured using the circuit specified in Annex H and this circuit set to limit-

mode; and

<6,5 % when measured using the circuit specified in Annex H and this circuit set-tolimitH
mode, and the edges that are adjacent to a 2T mark or a 2T space are not,ihcluded in

measurement.

On layer L1 of a DL disk, for all disks, independent on capacity:

N(

n 3

<8,5 % when measured using the circuit specified in Annex H and(this circuit set to limit-

mode; and

<6,5 % when measured using the circuit specified in Annex H-and this circuit set to limit-
mode, and the edges that are adjacent to a 2T mark or-a“2T space are not included in

measurement.

TE Not including edges that are adjacent to a 2T mark-or a 2T space means that in the jitter me
onlly those edges are taken into account that are in betweén an nT mark/space and an mT space/mark

3andm=3.

30.6 Read stability

Uy
shi

to 106 successive reads from a single track with a dc read power as indicated in Figure 128
all remain within all specifications.in the operating environment.

Higher dc read powers shall be dpplied when specified in DI bytes 36 to 39 (see 15.8.3.3, 15

5

8.3.5).

equalizer

equalizer

the jitter

equalizer

equalizer
the jitter

hsurement
with both

The disk

8.3.4 and

2x disks

4x disks

6x disks

Read velocity SL

DL

SL

DL

SL

DL

1x

0,40 mW

0,70 mW

0,40 mW

0,70 mW

0,40 mW

0,70 mV

2X

0,45 mW

0,80 mW

0,45 mW

0,80 mW

0,45 mW

0,80 mV|

4x

0,70 mW

1,30 mW

0,70 mW

1,30 mV|

6%

0,70 mW

1,30 mV

~T~1~T

Figure 128 — Read power values for dc read stability testing

Up to 10° successive reads from a single track with an HF-modulated read power as indicated in
Figure 129. The disk shall remain within all specifications in the operating environment.

Higher HF read powers shall be applied when specified in DI byes 40 to 43 (see 15.8.3.3, 15.8.3.4 and
15.8.3.5).
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2x disks 4x disks 6x disks
Read velocity SL DL SL DL SL DL
1x 0,30 mW | 0,60mW | 0,30 mW | 0,60 mW | 0,30 mW | 0,60 mW
2X 0,35mW | 0,70mW | 0,35mW | 0,70 mW | 0,35 mW | 0,70 mW
4x 0,60 mwW | 1,20 mW | 0,60 mW | 1,20 mW
6X 0,60 mW | 1,20 mW

Figure 129 — Read power values for HF read stability testing

The modylation should fulfil the following (see Figure 130):

— modyilation frequency (= 1/Tyg jaser) (400 + 40) MHz;

— puls¢ width (300 = 30) ps;

70+0,7at1x V. and 2 x V.
4,5+0,5at4 x V. and 6 x V[

. £
— ratio|of peak power and average power )

ef)

— bottom level between peaks flat.

>
2
2 Peak
o THF—laser
=
=
oo
-
Pulse width
(FWHM)
Average
time

Figure 130 — Schematic representation of light pulses from Laser Diode

a2 -

Additionatty; tire SERsee 34 1)shatt be=#; 2= t0—many ED € biock:

[Equivalent to <317 counts (= 4,2 x 1073 x 75 392 bytes)].

31 Local defects

Defects on the recording layer or in the transmission stack, such as “air bubbles” or “black dots” (such
as dust enclosures in the transmission stack or pin holes in the reflective layer) shall not cause any
unintended track jumping or uncorrectable errors (see also 33.4 and Clause 34).

The size of such defects shall be as follows:

172 © ISO/IEC 2021 - All rights reserved


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

ISO/IEC 30190:

— air bubbles: <100 pm;
— black dots with birefringence: <150 pum; and

— black dots without birefringence: <150 pm.

32 Characteristics of user data

2021(E)

Clauses 32 to 34 describe a series of measurements to test conformance of the user data on the disk

Uder-written data can have been written by any drive at any speed in any operating environmn

33 Method of testing for user data

33.1 General
The read tests described in Clauses 32 to 34 shall be performed on the(réference drive.

Whereas, Clauses 24 to 30 disregard local defects, Clauses 32 %o 34 includes them as un
ddterioration of the read signals. The gravity of a defect is determined by the correctabil
ensuing errors by the error detection and correction circuityin the read channel defined b
reuirements in Clauses 32 to 34 define a minimum qualityxof the data, necessary for data int

33.2 Environment

Al] signals shall be within their specified ranges if the disk is in its range of allowed envi
ditions as defined in 8.1.1.

33.3 Reference drive

33.3.1 General

All signals shall be measured-ini'the appropriate channels of a reference drive as specified in (§

33.3.2 Read power

The read power is-the optical power, incident on the entrance surface of the disk and only
repding the infermation. The read power shall be (0,35 * 0,1) mW for an SL disk and (0,70 * 0,
a DL disk.

33.3.3 tRead channels

nrbitrary.

ent.

avoidable
ity of the
elow. The
brchange.

onmental

lause 9.

used for
[) mW for

Thedrive shall have two read channels as defined in 9.5 and 9.6.

The HF signal from the HF read channel shall be equalized and filtered before processing. The threshold

level for converting an HF signal into a binary read signal shall be controlled to minimize the

effects of

mark and space size changes, due to parameter variations during writing. For measurement of disk
quality, the characteristics of the equalizer, filter and slicer, as well as the characteristics of the PLL

shall be the same as specified in Annex H (limit equalizer) for the jitter measurement.

33.3.4 Error correction

Correction of errors in the data bytes shall be carried out by an error detection and correction system

based on the definitions in Clause 13.
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33.3.5 Tracking requirements

During the measurement of the signals, the axial tracking error between the focus of the optical beam
and the recording layer shall be maximum 80 nm, and the radial tracking error between the focus of
the optical beam and the centre of the track shall be maximum 20 nm.

For 4x and 6x disks, local defects that cause large axial tracking errors shall be taken into account as
described in Annex I.

33.3.6 Scanning velocities

The actu

66,000 Mpit/s or an average wobble frequency of 956,522 kHz.

33.4 Eryor signals

Byte errq

A byte er
detection

Burst erry

A burst ¢
between

h] rotation speed of the disk shall be such that it results in an average channel bit rate

DI"

‘or occurs when one or more bits in a byte have a wrong value, as detected’ by the related err
and/or correction circuits.

or

rror is defined to be a sequence of bytes where there are ot more than two correct byt

of

or

€S

hny two erroneous bytes. For determining burst errors, thie bytes shall be ordered in the saine

sequence|as they were recorded on the disk (see 13.1 and 13.8).
The length of a burst error is defined as the total number of bytes counting from the first erroneous byte
that is separated by at least three correct bytes from the-last preceding erroneous byte, until the 1gst
erroneoufp byte thatis separated by at least three correctbytes from the first succeeding erroneous byte.
The numlber of erroneous bytes in a burst is defined as the actual number of bytes in that burst that gre
not correft (see example in Figure 131).
X|[clc|lclx|x]|cl|lo|lx|c|x|x|[x]|]c]|]c]|cl.dc]|x
<— burstlength =9 bytes ——
numpber of erroneous bytes in burst = 6
c = correct byte, X = erroneous byte
Figure 131 — Example of burst error

Symbol drror rate
The symNol ertor rate (SER) averaged over N LDC blocks is defined as the total number of all erroneojus
bytes in fhe selected LDC blocks divided by the total number of bytes in those LDC blocks as yer
Formula {943:

P

=1 —ad (91)

N x 75392
where

E ; s the number of all erroneous bytes in LDC block i;

N is the number of LDC blocks.
Random symbol error rate
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The random symbol error rate is defined as the symbol error rate where all erroneous bytes contained
in burst errors of length 240 bytes are counted neither in the numerator nor in the denominator of the
SER calculation as per Formula (92):

N
2 i (i —Bv)

N
N x 75392-) Eb ;
i=1 D/l

(92)

where

E ; is the number of all erroneous bytes in LDC block i;
E, ; isthe number of all erroneous bytes in burst errors 240 bytes in LDC block i;

N is the number of LDC blocks.

34 Minimum quality of recorded information

34.1 Symbol error rate

When checking the quality of the disk, including defects, the anea selecting for determining the SER
shiall be written with arbitrary user data. The SER shall fulfil the requirements as specified in/34.1.

Quality of continuously and discontinuously written sequences

Rgndom SER averaged over any 10 000 consecutive LD€ blocks shall be <2,0 x 10-4, with the [condition
thpt all blocks are recorded in a continuously written sequence (see Figure 47), and the condition in a
difcontinuously written sequence (see Figure 46) excluding disk defects.

34.2 Maximum burst errors

In|each recording unit block, the number of burst errors with length 240 bytes shall be less than 8 and
the sum of the lengths of these bursterrors shall be <600 bytes.

34.3 User-written data

Uder-written data in a recording unit block (RUB) as read in the HF read channel shall not contain any
byjte errors that cannotbe corrected by the error correction system defined in Clause 13.

35 BCA

The zone between r; and r5 is reserved for use as a burst-cutting area (BCA). (see 15.2 and Figure 54).

The BEA shall be used to add information to the disk after completion of the manufacturing pfocess.

The BCA code can be written by a high-power [aser system in the case of recordable disks.

All information in the BCA code shall be written in CAV mode, where every revolution has exactly the
same content, which shall be radial aligned (see Figure 132).

The BCA code shall be located between radius 21,39'(?3 mm and radius 22,03%’2 mm on layer LO. (the
BCA code is allowed to overlap the protection zone 1 partially).

No BCA code shall be written on layer L1, but some effect of writing the BCA code on layer LO can be
visible on layer L1.

The BCA code shall be written as a series of low-reflectance stripes arranged in circumferential
direction. Each of the stripes shall extend fully across the BCA in the radial direction.
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The information in the BCA code can be read by a drive at any radius between radius 21,3 mm and
radius 22,0 mm on layer LO.

The decision to record BCA code is BDAP-dependent. BCA code shall not be recorded in the BCA, unless
otherwise specified by the BDAP. The format and the content of the BCA code is defined by agreement
between the interchange parties.

Burst-cutting area

BCA-code

Figure 132 — Schematic representation of BCA
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Thickness of transmission stacks in case of multiple laye

2021(E)

Irs

A

In
de

T}

1 General

case the total transmission stack consists of k layers, the following procedure shall-be §
termining the thickness of the individual layers as follows:

the values d; .. d, represent the thicknesses of layers 1 .. k;

the values n; .. n, represent the refractive indices of layers 1 .. k;

let D(n) be the nominal thickness at refractive index n according toEigure 19.
en, the thickness d, of layer k should be as per Formula (A.1):

pplied in

k-1 d.
d, =D(n, )X[l_ZD(;I-)] (A1)
i=1 I
A2 Refractive index n; of all layers in covér layer and spacer layer
The refractive index, n; of each layer in the coverlayer and spacer layer shall be as per Formula (A.2):
1,45<n;<1,70 (A.2)
A3 Thickness variation of transmission stack
The relative thickness of the transmission stack, j, Ry ;, is defined as per Formula (A.3):
5 DZI,’;,) (3)
i=1 T\
The relative thickness, Ry, of the transmission stacks, measured over the whole disk, shall|fulfil the
following reqirements.
a)| Therelative thickness, Ry, of the transmission stack TS0 shall be as per Formula (A.4):
95 <100 x Ry g <105 (A4)
b) The relative thickness, Ry, of the transmission stack TS1 shall be as per Formula (A.5):
70 <75 x Ry <80 (A.5)
NOTE The thickness of the recording layer is very thin and negligible in the calculation of the thickness in
case of type DL/HTL disk.
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A.4 Example of thickness calculation for SL

Assume a cover sheet with refractive index n; = 1,70 and a nominal thickness of 75 pm is attached to
the substrate by a gluing sheet with a refractive index n, = 1,45.

From Figure 19, we can find: D(n;) = 102,4 and D(n,) = 98,5.
From Formulae (A.1) and (A.2), d,, in um, is calculated with Formula (A.6):

d, :98,5><(1—m7q5 - ):26,356 (A.6)

TOZ7 )
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Annex B
(normative)

Measurement of reflectivity

B

TH
fo

TH
kn

When measuring the reflectivity in the focused way, only the lightpeturned by the reflective 19
digk, R, falls onto the photodetector. The reflected light coming from the front surface of thg

1 General

e reflectivity of a disk can be measured in several ways. The two most commongsmetho
lows:

parallel method; and
focused method.

e reflectivity of the disk is measured by the focused method with the help of a reference
own reflectivity, while the reflectivity of the reference disk is calibrated by the parallel me

ds are as

disk with
thod.

yer of the
disk and

the light coming from the parasitic reflectance’s inside the/disk mainly falls outside the phot¢detector.

Be
to

ms > W

cause in the parallel method only the “total” reflectance, R/, can be measured, a calculation
determine the main reflectance from the reflective layer.

2 Calibration method

bood reference disk free of birefringence-shall be chosen, for instance with a 0,1 mm glass ¢
th a golden reflective mirror. This reference disk shall be measured by a parallel beam as
bure B.1.

is needed

pver layer
shown in
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R/ ,to
detector

N
in¢ident I
bgam

R reflectivity of the recording layer (including the double pass transmission stackdransmission);

r  reflecfivity of the entrance surface;

of reflecfivity as measured by the focussed beam (is by definition = R, / I3);

Iz incidgnt beam;

. reflecfance caused by the reflectivity of the entrance surface;

n main feflectance caused by the reflectivity of the recording layer;

R, reflecfance caused by the internal reflectance’s between thé@€ntrance surface and the recording layer;
R,, measyred value (Rs + Ry, + Ryy)-

Figure B.1 — Reflectivity calibration
The reflegtivity of the entrance surface is(defined by Formula (B.1):

r—(nzj (8[1)

where n if the index of refraction of the cover layer.

=]

The mainjreflectance R§, 3R/, - R; -R; leads to Formula (B.2):

(1) X(Iji—r]

B
R 3 = (BJ2)

I R
£ 1—r5((')—#\

L U & )]
The reference disk shall be measured on a reference drive. The total detector current (the sum of all

four quadrants = I, ;) obtained from the reference disk and measured by the focused beam is equated
to R, as determined above.

Now the arrangement is calibrated, and the focused reflectivity is a linear function of the reflectivity
of the recording layer and the double pass transmission stack transmission, independently from the
reflectivity of the entrance surface.

B.3 Measuring method

Reflectivity in unrecorded, virgin recordable areas
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A method of measuring the reflectivity using the reference drive.

a)
b)

Measure the total detector current (I; + I,) s from the reference disk with calibrated reflectivity R .

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.

Calculate the unrecorded virgin disk reflectivity, R

with Formula (B.3):

gv

in the groove tracks of the recordable area

R¢
A

b)

_ (11 +12 )G
g-v (11 +12 )ref ref

flectivity in recorded recordable areas
method of measuring the reflectivity using the reference drive.
Measure the total detector current (I; + I,) ¢ from the reference disk with-calibrated reflect

Measure Iy from a recorded groove track in an area of the diskaunder investigation whe
the two adjacent tracks on each side of the groove track also“lrave been recorded. Red
the tracks shall be done using the optimum powers as detérmined from the OPC algor
Annex G for the detailed procedure).

Calculate the recorded disk reflectivity Rgy in the groove tracks of the recordable 4
Formula (B.4):
I
R —__ '8H
8H f
(11 +12 )ref e

(B.3)

ivity, R

ref

‘e at least
ording of
ithm (see

);rea with

(B-4)
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Annex C
(normative)

Measurement of scratch resistance of cover layer

C.1 Geperal

The entrdnce surface of the disk has sufficient scratch resistance, which can be improved by a protective
coating.

C.2 Taber abrasion test

The folloving so-called taber abrasion test verifies whether the scratch resistance of the entrance
surface of the disk is sufficient.

Two wheg¢ls covered with abrasive material are applied to the disk under‘test with a specified load (see
Figure C.1).

Rotation elaxis of disk

Rotation axis
O\ , \Qf wheels

S

Rotation
direction
of disk

“~~.__centre of disk

..
-

i Projectionof ~ '~ _
rotation axis of wheels

Figure C.1 — Typical abrasive test setup

Conditions for the test

The test setup shall be according to ISO 9352 with the following details:
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— type of wheels: CS10F;
— load applied to each wheel: 2,5N;
— number of revolutions: 5.

The abrasion test shall be applied before the necessary recordings are made.
Results after test

t to limit-

ualizer mode, shall be <10 %.

Trreatment of the abrasive wheels
Trieatment of the abrasive wheels should be based on ASTM D1044/11.

Bdfore performing a taber abrasion test, each time both abrasive wheels shouldbe refaced by an ST-11
refacing stone as follows:

—{ new wheels shall be refaced for 100 cycles; and

—{ wheels that have been used before shall be refaced for 25 cycles.
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