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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.

The procedures used to develop this document and those intended for its further maintenance are
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Introduction

In March 2002, the Blu-ray Disc Founders (BDF) came together to create optical-disk formats with
large capacity and high-speed transfer rates that would be needed for recording and reproducing high-
definition video content. This joint effort turned out to be fruitful and the first version of its Blu-ray
Disc™1D Rewritable format Part 1 version 1.0, with cartridge, was issued in June 2002.

The Blu-ray Disc Association (BDA) issued version 2.1 of the Blu-ray Disc™ Rewritable format Part 1 in
October 2005 and version 3.0, without cartridge, in June 2010.

To maintain compatibility of the removable medium in the market, a standard alone is not enough. It
is necessary i i i iffcations: ducts
verification aftivities for both disks and devices and has established more than 10 testing/cenfters in
Asia, Europe and the USA.

Blu-ray™ dis
all over the wi

ks, players, recorders and PC drives/software based on BDA standardshecame pppular
brld. The BDA gave consumer applications the highest priority in the fitst few yeard. But it

was known, d
entities and t
the chairs of

f course, that international standardization would be required beforg’many goverjnment
heir contractors would be allowed to use Blu-ray Disc™. In Januapy and February 2011,
SO/IEC JTC 1/SC 23 and JIIMA (Japan Image and information.Management Assodiation)

ested the BDA to consider international standardization. The neason for this was tojenable
bf writable BDs along with DVDs and CDs in an internatienal standard specifying the test
he estimation of a lifetime of optical storage media for long-term data storage. In Qctober
sident of the BDA responded that the organization’had decided to pursue international
pn for the basic physical formats for the recordable and rewritable Blu-ray™ Formats.

formally requ
the inclusion

methods for t
2011, the Pre
standardizati

hats to
r disk)
r disk)
r disk)
bytes

In December

ISO/IEC]TC 1
and dual laye
and dual laye
and quadrupl
per disk) BD 1

011, the BDA sent project proposals for international standardization of four forn
SC 23 via the Japanese national body. They are 120 mm single layer (25,0 Gbytes p€
- (50,0 Gbytes per disk) BD recordable disks, 120 mm single layer (25,0 Gbytes pe|
" (50,0 Gbytes per disk) BD rewritable disks, 120 mm triple layer (100,0 Gbytes pe
e layer (128,0 Gbytes per disk) BD recordable disks and 120 mm triple layer (100,0
ewritable disk.

ritable

This docume
optical disk

t specifies the mechanicalphysical and optical characteristics of a 120 mm rew|
ith a capacity of 100,0 Gbytes.

ptions,
These
ection
mation
format

A few additiopal specifications are required in order to write and read video-recording applic
such as BDAV format which hadvbeen specified by the BDA for use on BD rewritable disks.
specificationg, which are related’to the BD application (BDAP), the file system or the content-prof
system, are rqquired for the.disk, the generating system and the receiving system. For more infor
about the BDAP, the contént-protection system and the additional requirements for the Blu-ray™ }
specificationg, see http://www.blu-raydisc.info.

hnical
ht may

The International’ Organization for Standardization (ISO) and International Electroted
Commission (IEC) draw attention to the fact that it is claimed that compliance with this docume
involve the use of a patent.

ISO and IEC take no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured ISO and IEC that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this
respect, the statement of the holder of this patent right is registered with ISO and IEC. information may
be obtained from the patent database available at www.iso.org/patents.

1) Blu-ray™ and Blu-ray Disc™ are the trademark of products supplied by Blu-ray Disc Association. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO or IEC of the
product named.
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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.
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INTERNATIONAL STANDARD

ISO/IEC 30193:2021(E)

Information technology — Digitally recorded media for
information interchange and storage — 120 mm triple
layer (100,0 Gbytes per disk) BD rewritable disk

1 Scope

This d
optica
signal
by me
metho

This d
— th
th|
th

th
bd

th
th

disk with a capacity of 100,0 Gbytes. It specifies the quality of the recordedya
, the format of the data and the recording method, thereby allowing for inforfatio
hins of such disks. User data can be written, read and overwritten many times usin
d. This disk is identified as a BD rewritable disk.

bcument specifies the following:

e one disk type;

e conditions for conformance;

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

e mechanical and physical characteristics of the disk, in order to provide mechanic;
tween data processing systems;

e format of the information on the disk, including the physical disposition of the track

e error-correcting codes and the coding'method used;

th
d

This

e characteristics of the signals recorded on the disk, enabling data processing sy
ta from the disk.

cument provides for intefchange of disks between disk drives. Together with 3

volume and file structure, it pfoyides for full data interchange between data processing s

2 Normative references

The following documents are referred to in the text in such a way that some or all of]
constifutes requitements of this document. For dated references, only the edition cite
undated references, the latest edition of the referenced document (including any amendmnj

m rewritable
unrecorded
interchange
g a reversible

| interchange

sand sectors;

stems to read

standard for
ystems.

their content
d applies. For
ents) applies.

ISO/IHC 646, Information technology — ISO 7-bit coded character set for information intercllzange

ISO 93
IEC 60

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

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

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

IEC 60

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

3 Terms and definitions

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

© ISO/IEC 2021 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Onlin

3.1
BD

e browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

disk having a cover layer (3.4) around 0,1 mm thick and a substrate (3.43) around 1,1 mm thick on
which data is read or recorded by an optical pick-up unit (OPU) using 405 nm laser diode and numerical

aperture, NA

Note 1 to entryg

3.2

= 0,85 lens

BD applicati¢on

BDAP

contents standard specified for a BD (3.1), e.g. a video application, which requires_ area for a c¢ntent-

protection sy

3.3

channel bit
cbs

element by w
(3.42) on a dis

34

cover layer
transparent |
closest to the

3.5
data zone n
area between|

3.6
defective clu
cluster in a us

3.7

DSV
digital-sum v
arithmetic su
ONE and the ¢

3.8
disk referen

stem and for its own defect-management system on the disk

hich the binary value ZERO or ONE is represented by pits\(3.27), marks (3.19) and
k

hyer with precisely controlled optical properties that covers the recording layer
entrance surface (3.10) of a disk

the inner zone and the outer zone on layer Ln (3.17)

ster
er-data area (3.47) that has been registered in a defect list as unreliable or uncorrej

ralue
m obtained from a bit stream by assigning the decimal value +1 to channel bits (3.3
lecimakvalue -1 to channel bits set to ZERO

spaces

(3.33)

ctable

set to

e plane
r

plane defined by the perfect flat annular surface of an ideal spindle, onto which the clamping zone of a
disk is clamped, that is normal to the axis of rotation

3.9

embossed HFM area
area on a disk where information has been stored by means of an HFM groove (3.13) during
manufacturing of the disk

3.10

entrance surface
surface of a disk onto which the optical beam first impinges
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3.11

erased groove

blank groove (3.12) on a disk that has been erased by irradiating the track (3.44) using only erase power
level, Pg(, as determined by the OPC algorithm

3.12
groove
trench-like feature of a disk connected to a recording layer (3.33)

Note 1 to entry: In case of triple-layer disk, one groove can be carried by the substrate (3.43) and other grooves
can be carried by the spacer layer (3.41) or the cover layer (3.4) (see Figure 1) grooves are used to define the track
(3.44) locations.

In the ﬂtD rewritable system, there are 3 types of grooves:

— wadbbled groove (3.49) in rewritable area containing address information;
— HHM groove (3.13) in embossed HFM area (3.9) containing permanent informationand contro| data;
— straight groove without any modulation in the BCA zone.

3.13
HFM groove

high-frequency modulated groove

groove (3.12) modulated in the radial direction with a rather high bandwidth signal

Note 1| to entry: HFM groove creates a data channel with~sufficient capacity and data rate| for replicated
informption.

3.14
information area
area oh a disk in which information can be recorded

3.15
information zone
recorded part of the information area\(3.14)

3.16
land
surfacg of a recording layer\(3.33) between successive windings of a groove (3.12)

3.17
layer Ln
one regording layer-(3.33) of a disk identified by n

Note 1 fo entry:layer L(n+1) is closer to the entrance surface (3.10) of a disk than layer Ln.

3.18
layer type
identification of a disk using the number of layer(s)

Note 1 to entry: In case of triple-layer disk, the layer type is TL (see Clause 7).

3.19

mark

feature of a recording layer (3.33), which can take the form of an amorphous domain in the crystalline
recording stack due to recording, that can be sensed by an optical read-out system

Note 1 to entry: The pattern of marks and spaces (3.42) represents the data on a disk.

3.20
mark polarity
polarity of reflectivity change when marks (3.19) are recorded
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3.21

measurement velocity
linear velocity at which a disk is measured during reading

Note 1 to entry: The nx measurement velocity means the measurement velocity of n times the reference velocity

(3.36).
3.22

modulation bit
alternative form representing the data, that is more suited to be transmitted via a communication

channel or to

3.23
NRZI conver
method of corx

3.24
on-groove
geometry wh

3.25
padding

process in a dfive to fill up the missing sectors in a 64K cluster, which céngists of 32 sectors (3.40

all 00h data w

3.26

phase chang
physical effec
order to chan

3.27

pit

feature of a r
(3.16) surface

Note 1 to entry

3.28
polarization

be stored on a storage system

fion
verting modulation-bit stream into a physical signal

hen the host supplies less than the 32 sectors and needs to fill up the cluster

2}

t by which an area of a recording layer (3.33):s.irradiated by a laser beam and he
be from a crystalline state to an amorphous'state and vice versa

, that can be sensed by the optigal read-out system

: The pattern of pits and spaces,(3.42) represents the data on a disk.

direction of the electric field véctor of an optical beam

Note 1 to entr
propagation of]

3.29
pre-recorde

I: The planeofipolarization is the plane containing the electric field vector and the dire
the beam.

area on a dijk’where_information has been recorded by the manufacturer/su

applying stan
3.30

area
lier of the d

dard recording techniques after finishing of the replication process

protective coating
optional additional layer on top of the cover layer (3.4) provided for extra protection against scratches

and other typ
3.31

reading veloc

es of damage

ity

linear velocity at which a disk is actually read

bre grooves (3.12) are nearer to the entrance surface (3.10) of a disk than the lands (

o8]

), with

hted in

bcording layer (3.33), which can take’the form of a depression in or elevation on the land

tion of

isk by

Note 1 to entry: The nx reading velocity means the reading velocity of n times the reference velocity (3.36).
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3.32

read-modify-write

R-M-W

process in a drive to read full content of a 64K cluster, which consists of 32 sectors (3.40), to replace
the sector(s) concerned and to write back the full cluster to a disk when one or more, but less than 32,
sector(s) in a cluster is(are) rewritten

3.33

recording layer

part of a disk consisting of a stack of films of specific materials on or in which data is written during
manufacture and/or use

3.34
referegnce servo
servorechanism of a reference drive with parameters defined for measuring disks

3.35
recordling velocity
linear pelocity at which a disk is recorded

Note 1 fo entry: The nx recording velocity means the recording velocity of n.times the reference vglocity (3.36).

3.36
reference velocity
linear pelocity that results in the nominal channel-bit rate,of 66 000 Mbit/s

3.37
reserved
<valug> value(s) not used in this document

3.38
reseryed
<fieldx field(s) not specified in use, to be\ignored in interchange and to be set to ZERO as yalue

3.39
rewrifable area
area oh a disk where informatioj can be recorded by means of marks (3.19) and spaces (3.42) using the
phaseqchange effect and during the manufacture and/or use of the disk

3.40
sect(I)I:Iu
minimum-size addressable data part of a track (3.44) in the information zone (3.15)

3.41
spacer layer
transparent layer with precisely-controlled optical properties separating two recording Itllyers (3.33)

3.42
space
area separating pits (3.27) or marks (3.19) in the tangential direction in the context of HF signals

Note 1 to entry: The pattern of pits (3.27), marks (3.19) and spaces represents the data on a disk.

3.43
substrate
layer, which can be transparent or not, provided for the mechanical support of a recording layer (3.33)

3.44
track
360° turn of a continuous spiral, formed by a groove (3.12)
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3.45

track pitch

TP

distance between centrelines of a groove (3.12), in adjacent tracks (3.44), measured in the radial
direction

3.46

transmission stack

TS

set of all layers between the entrance surface (3.10) of a disk and the recording layer (3.33) concerned

Note 1 to entry: The transmission stack of a specific recording layer consists of all layers that are passed through
by the light bedm, when accessing that recording layer.

3.47
user-data area
collection of alll data zone(s) on a disk, consisting only of the clusters in which user dataxan be regorded

3.48
virgin groove
blank groove (3.12) on a disk which has never been recorded nor erased

3.49
wobbled gropve
groove (3.12) that has a periodic sinusoidal deviation from its average centreline

Note 1 to entry: By modulating the sinusoidal deviation, the wobhle provides address information and general
information abjout a disk.

3.50
zone
annular area pf a disk

4 Symbols and abbreviated terms

ac alternating current Isb least significant bit

ADIP address in presgroove Lsup second harmonic distortion leyel
APC automatic power control L1 second harmonic level

AU addréss-unit LSN logical-sector number

AUN address unit number MM MSK mark

BCA hurst-cutting area MSR mast significant hyte

BIS burst-indicating subcode msb most significant bit

BPF band-pass filter MSK minimum shift keying

CAV constant angular velocity MW monotone wobble

cbs channel bits NA numerical aperture

CNR carrier-to-noise ratio NRD non-reallocatable defect

dc direct current NRZ non-return-to-zero

DCZ drive calibration zone NRZI non-return-to-zero inverting
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DDS disk definition structure NWL nominal wobble length
DFL defect list OPU optical pick-up unit
DI disk information PAA physical ADIP address
DL dual layer PAC physical access control
DMA disk management area PBA possibly bad area
DMS disk management structure PIC permanent information and control data
DOW direct overwrite PLL phase-locK loop
DOW(1) nth overwrite PoA post-amble
DOW(I) initial recording PP push-pull
DSV digital sum value pp peak-topeak
DWP disk write-protect PrA prefamble
EB emergency brake PSN physical sector number
ECC error correction code Ry relative humidity
EDC error detection code RMTR  repeated minimum-transition run-
length

EQ equalizer R-M-W  read-modify-write
FAA first ADIP address (of datazone) RS Reed-Solomon (code)
FS frame sync Ry relative thickness
FWHM full width at halfmaximum RSER random symbol error rate
Gbyte gigabyte RUB recording unit block
HF high frequency SER symbol error rate
HFM highfrequency modulated S/N signal-to-noise ratio
HMW harmonic modulated wave SPS start position shift
HPF high-pass filter STW saw-tooth wobble
HTL high-to-1ow Sync Synchronization
Innws normalized HFM-wobble signal TL triple layer

amplitude
Inws normalized wobble signal amplitude TP track pitch
LAA last ADIP address (of data zone) TS transmission stack
LDC long-distance code Vet reference velocity
LPF low-pass filter wbs wobbles
LSB least significant byte WP write protect
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5 Conformance

5.1 Optical disk

A claim of conformance with this document shall specify the type implemented. An optical disk shall be
in conformance with this document if it meets all the 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 w

ith 5.1.

5.3 Receiv

A receiving sy
disk accordin

5.4 Compad
A claim of con
listing any ot
optical disk t
reading and \

6 Conven

6.1 Levels

Data is often
For the clarity

Frame:
Block:
Cluster:

Fragment:

6.2 Repreg

ing system

stem shall be in conformance with this document if it is able to handle the*type of
b to 5.1.

tibility statement

formance by a generating or receiving system with this document shall include a stat
her standards supported. This statement shall specify théntimbers of the standar
pes supported (where appropriate) and whether support includes reading only d
riting.

tions and notations

of grouping

ollected into groups where these groups of data can be collected into higher level g
r of the grouping hierarchy, in thissdocument the following levels of hierarchy are u

the lowest level of grouping.Generally, frames contain bytes of information.
the second level of grouping. Generally, blocks consist of a number of frames.
the highest level©f grouping. Clusters consist of several blocks.

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

entation of numbers

£€ &

bptical

ement
ds, the
r both

roups.
sed:

s allo-

A measured

1 L dadd £l 1 TP /o RS Py S £ +1
aluc Ameasured ula_y UCT TUUIIUCTU Ull LU UlIU ICdoU Dlslllll\-alll, ulsl\- Ul LIIT LUIICDP

specified value x before being compared with this specified value.

EXAMPLE 1

The specification is: x=1,26

(nominal

ame

+0,01,
-0,02°

value = 1,26 with a positive tolerance of +0,01 and a negative tolerance of -0,02)

asured value in the range 1,235 < x a < 1,275 fulfills this specification.

measure

The specification is: x < 0,3:

onding
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a measured value X,.,cureq < 0,35 fulfills this specification

(rounding off is applied for 0,30 < X,o2sureq < 0,35: X =0,3);

rounded —

— The specification is: x < 0,3:

a measured value x 0,299 fulfills this specification

measured ~

(no rounding off needs to be applied);

a measured value X,,.,c.req = 0,3 exactly does not fulfil this specification.

In case the specified value is given as “maximum x units” or “minimum x units”, the measured value

shall

be outpide of the specified limits set by the exact value of x.

EXAMRLE 2

— The specification is maximum 0,3 mm:

— The specification is minimum 3 dB:

Numb
In larg

Numb
parent
0to9

Numb
most s

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

In a p4g
first.

t be rounded off before comparing to the specified value. Parameters given in this

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

a measured value of 0,301 mm does not fulfil this specifi¢ation;

a measured value of 3,00 dB fulfills this specification;
a measured value of 2,99 dB does not fulfil this specification.

brs in decimal notations are represented by the digits 0 to 9. The decimal symbol i
e numbers, the “” (space) can be used as.digit grouping symbol.

brs in hexadecimal notation are represented by the hexadecimal digits 0 to 9
heses or followed by lowercase “h™. The character x in hexadecimal numbers repres
br A to F.

brs in binary notationscand bit patterns are represented by strings of digits 0 ay
ignificant bit (msb) shewn to the left. The character x in binary numbers represents

ttern of n hits, bit b(,_;) shall be the msb and bit b, shall be the Isb. Bit b(,_;) sha

An un]zlterrupted sequence of m 0’s in a bit pattern can be represented by [0™].

The seftting of bits is denoted by ZERO and ONE.

way shall not

“«n

s “” (comma).

ind A to F in
ents any digit

)d 1, with the
adigitOor 1.

| be recorded

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

In a field of 8n bits, bit b(g,,_;) shall be the msb and bit b,, the Isb.

Bit b(g,,_1) shall be recorded first.

In data fields composed of nibbles, the data is recorded so that the most significant nibble, identified as

Nibble

0, shall be recorded first and the least-significant nibble last.

In a field of 4n bits, bit b4,_4) shall be the msb and bit b, the lsb.

Bit b(4,_1) shall be recorded first.

Arang

e of values is indicated as x ~ y, where x and y are included in the range.
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Alist of integers is indicated as i .. j. The list contains all numbers between i and j, including i and j (e.g.
k=0..7). If the step size is different from one, this is indicated as: i, (i+step) ..j (e.g. k=1, 4 .. 16, where
step = 3).

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

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) repfesents the remainder of the division of n by d: mod(n,d) = n - d x div(n,d).
For example:
div(+11, +3) = +3 div(-11, +3) =-3 div(+11,-3) =-3 div(=11, -3) = 43

mod(+11,+3)=+2  mod(-11,+3)=-2  mod(+11, -3) = +2 \Jmod(-11, -3) =|-2

7 General description of disk

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

The recording layer of the disk uses high-to-low (HTL) technology-recorded HTL marks havel lower
reflection thajn the unrecorded layer(s).

The recording layer consists of several layers. The:three recording layers are separated By two
transparent spacer layers whose thicknesses are about 25,0 um and 18,0 um, respectively, in thi$ order
from the subsftrate. On top of these recording layer, a transparent cover layer of about 57,0 um is dpplied
with accuratdly defined optical characteristies (see Figure 1).

This documenjt provides for one type of such disk, type TL, whose capacity is 100,0 Gbytes. To improve
the scratch resistance, the cover layer optionally can be protected with an additional hard coatirg.

Data can be Written onto the disk'as amorphous marks in the crystalline recording layer(s) and|can be
overwritten With a high-powerfocused optical beam using the phase-change effect between amoyphous
and crystallirfe states of the recording material.

The data can pe read with-a low power focused optical beam, using the difference in the reflectivity of
the amorphoys and the-crystalline states.

Depending onf which recordlng layer is to be accessed the 0pt1ca1 beam passes through the transparent
3 a d the

transparent spacer 1ayer(s)

For reference purposes, all layers together, passed through by the light beam when accessing a certain
recording layer, are called the transmission stack (TS) of that specific recording layer.

Data is recorded on the grooves. The wobble of the grooves modulated with addresses serve as a system
for positioning and speed control during recording.
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Top surface
Direction of

rotation_
PR
<
Transmission stack 0 4~ <— Recording layer LO
Transmission stack 14 <— Recordinglayer L1
Transmission stack 2¢ Substrate <— Recording layer L2
A %

Spacer layer 1
acer layer

Cover layer _——

T Entrance surface

(Protective coating) for optical beam

Figure 1 — Outline of triple layer BD rewritabledisk

Figure 2 shows the recording velocity requirements.

Disk-type parameters Recording|velocity
Disk type Mark Push-pull Layer
polarity polarity (se&.26.1) type 1x 2x
Type TL HTL On;groove? TL — M
M | Mandatory.

—| Not allowed in this document.
aGroove geometry is on-groove for alllayer L0, layer L1 and layer L2 (see 15.2).

Figure 2 —Reécording velocity requirements for disk type

8 General requirements
8.1 Environments

8.1.1 | Test.environment

8.1.1.1 General

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

—  temperature, T: (23 +£2)°C;
— relative humidity, Ry;: 45 % to 55 %;
—  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 sufficient time.
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8.1.1.2 Test conditions for sudden change in operating environment

Some parameters can be rather sensitive for 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.

Apply a sudden change in relative humidity, while keeping the temperature at a constant level:
RH =90 %, T=25°C— RH =45 %, T =25 °C (see Figure 3).

Apply a sudden change in temperature, while keeping the absolute humidity at a constant level
(10,4 g/m3):
T=25°C,RH=45% — T =55°C, RH =10 % (see Figure 3).

8.1.2 OperLting environment

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

— temperpture, T 5°Cto 55 °C;

— relativg humidity, Ry 3% to 90 %;

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

There shall bg no condensation of moisture on the disk. If a-disk has been exposed to conditions qutside
those specifigd above, it shall be acclimatized in an operating environment for at least 2 hours [before
use.
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Absolute air humidity, g/m3
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Figure 3 — Operating environment

8.1.3 | Storage environment

8.1.3.1 General

The st

prage‘environment is the environment where the air immediately surrounding th
shall hjave'the following properties:

e optical disk

—  temperature, T

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

atmospheric pressure: 60 kPa to 106 kPa;

temperature variation max.: 15°C/h;

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

To check the environmental stability of the disk, it shall be exposed to the following environments:

T=55°C,

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

Ry =50 %, 96 h;

damp heat cycle test according to IEC 60068-2-30 Db:

Thigh = 40 °C, Tyoy, = 25 °C, Ry = 95 %, cycle time = (12 + 12) h, 6 cycles.

After exposure to these environmental conditions, allow for some recovery time before measuring

(24hor48h)

8.1.4 Tran{

8.1.4.1 Gen
As transport:

by many met
conditions fof

8.1.4.2 Pac

8.1.4.2.1 Gq

The form of
agreement, tH
taken into acd

8.1.4.2.2 Te

Insulation an
period of tran

8.1.4.2.3

a) Avoid me

Impact loads and vibrations

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

fportation

eral

ition occurs under a wide range of temperatures and humidities, for differing p
hods of transport and in all parts of the world, it is not possible te’ specify man|
transportation or for packaging.

kaging

bneral

backaging should be agreed between sender and recipient. In the absence of s
e form of packaging is the responsibility of the sender. The following hazards shq
ount.

mperature and humidity

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

Chanical loads thatswould distort the shape of the disk.

pping the disk!

box should have a clean interior and a construction that provides sealing to prev
" dirt-and moisture.

briods,
datory

ich an
uld be

mated

ent the

b) Avoid drd

c)

d) The final
ingress o

8.2 Safety

requirements

The disk shall meet the requirements of IEC 60950-1, when used in the intended manner or in any
foreseeable uses in an information system.

8.3 Flammability

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

14
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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 this clause.

9.2 Measurement conditions

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

9.3 OQptical system

The b3sic set-up of the optical system of the reference drive used for measuring-specifigd (over)write
and rgad parameters is shown in Figure 4. Different components and locations of cojnponents are
permitted, provided that the performance remains the same as that of theset-up in Figur 4.

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

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

Iy=1,+ 1y HF read channel

Radial PP read channg

—

I I
) /\ i [ lallllclly |
> Quadrant

Tangential \J | : | photodetector

track Iq I !

direction !
I A
1 e pre— e
I
i

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

Figure 4 — Optical system of reference drive

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

The optical beam shall be compensated for spherical aberrations (SA) such that these aberrations are
minimized for the thickness of the TS of the recording layer on which the beam is focused at the radius
where the measurement is to be performed.
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During measurements on one layer of a multi-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 um, where M is the
transversal optical magnification from the disk to its conjugate plane near the quadrant photodetector.
For a type TL disk, however, the effect cannot be neglected even if the length and width of photodetector
are smaller than M x 5 pm. Therefore, observed reflectivity shall be compensated using the procedure

shown in B.4.

9.4 Optical beam

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

— wavelerlgth (A) of the laser beam:
—  polarizjtion:

— NA:

— light inflensity at the rim of the pupil of the objective lens relative to the

maximym intensity:

— in t]:e tangential direction:

— in the radial direction:

—  maximym wave-front aberration at the recording layer(s):

(after cprrection of tilt and spherical aberrations)

— maximym relative-intensity noise of the laser diode:

P
[10x1g P—mﬂ
dc

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

— normaljzed detector'size:

—  read powerfor disk testing (average):

(405 £ 5) nm;
circular;

0,85+ 0,01;

(60°+ 5) %);
(65 = 5) %;
0,033 x Arms;

-125 dB/Hz

S/M? < 25 pm?

where S is the total surfqce of
the 4-quadrant photodetector;

— layer LO and layer L1:
— layer L2:

—  write power and pulse shape:

9.5 HF read channel

(1,44 + 0,10) mW;
(1,00 % 0,10) mW;

See 29.4.2 for the write power.
The pulse shape shall follow
Annex F.

The HF read channel is provided to supply a signal from which the user data can be retrieved. The
signal is generated by adding all the currents from all four elements of the photodetector (I +I,+I .+1;).

16
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These currents are modulated by the user-written information, due to the difference in reflectivity of
the marks and spaces caused by the phase-change effects.

In the frequency range from dc to 44 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 1,5 ns pp. in the frequency range from 6 MHz to 44 MHz.

For measurement of i-MLSE, the characteristics of the signal processing, the Viterbi decoder and the
PLL, etc., are specified in Annex H.

9.6 Radial PP read channel

The radial PP read channel provides a tracking-error signal to control the servo for rad
the optical beam. It also provides a wobble signal from which the information modulated d
can bejretrieved.

The ragial tracking error is generated as a signal [(I,+1;)) - (I.+14)] related to the'difference

of ligh
The r¢

9.7 Disk clamping

While
coveri

outer dliameters as the bottom clamping area (see Figure 5).

Clamp

The tofal clamping force shall be F; = 2,0 N £10,5 N.

In ord
the ch

shall not exceed 0,5 N (see Figure 5)-

The to

[ in the two halves of the exit pupil of the objective lens.

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

ng shall occur between d;,, = (23,5 +0,5) mm and d,,,, = (32,5 £ 0,5) mm.

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

p angle, 6, of the tapered/cone for centering of the disk shall be 40,0° £ 0,5°.
dout |
" d;, : \\ ,
0, v

al tracking of
n the grooves

in the amount

ad amplifiers including the photodetectors in the radial PP read channel shall have a flat
amplitjude response within +1,0 dB relative to their dc gain from dc to. %6 MHz.

its parameters are being measured, the disk shall¢be clamped between two coéTcentric rings

me inner and

bing force and
pf the disk, F,

A

F,

Figure 5 — Clamping conditions for measurement

9.8 Rotation of disk and measurement velocity

The di

©150/1

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

EC 2021 - All rights reserved
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All specifications are based on a tangential speed during reading that is equal to two times the reference
velocity, unless otherwise specified. This corresponds to a constant linear velocity of 7,375 m/s.

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):

+SXia)
2 o K
[0 , ;
HN(ia))=l>< 0| 0 ] g4t 1)
3 |iw 4, 1O iw
3XCO0
where
W =2 x f;
wy =2 fo;
Wing :Zr[xfint;
i2 =-1;
K is drder of integrator.

fo is the 0 dB grossover frequency of the open-loop transfer. fiinction. The crossover frequencieq of the
lead-lag netwprk of the servo are given by:

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

The term (1+¢);,,,/iw) in Formula (1) represents an integrator function. Such an integrator or equjvalent
function is used to further reduce low-frequency components, especially those due to deviatior]s with
frequencies efjual to the rotational frequency of the disk or its harmonics.

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

Another freqpency of importance is the frequency f, at which a sinusoidal displacement with an
amplitude eqyal to the maximum allowed residual tracking error, e, ,,, corresponds to the maximum
expected accgleration, a5 This frequency can be calculated with Formula (2):

fo=mt J“m— @

2T\ |efax

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

9.10 Measurement 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
measurement velocities under testing: measurement velocities for axial residual errors shall be a half
of the recording velocities, a reference servo for 1x measurement velocity refers to 9.10.2. Only if the
disk supports reading at 4x reference velocity, measurement velocities for axial residual errors shall be
a half of the reading velocities, a reference servo for 2x measurement velocity refers to 9.10.3. The servo
for all conditions has the same basics, however with a modified integrator.
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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 + H(f)| is
limited as shown schematically by the shaded area in Figure 6.

Gain (dB)
100
97,0
80 al\
77,0 . q/QL'
: 2
54,6 [------mm - b ‘bQ
529 f----------f----- re--- C
: &l
40 : \\\
: &
= S
20 ;
: \\<2
0 ! o\
! 2
: RO
1 10 36 Q)QSOO 1x103 10 x 10% 100 x 1p3
A\ Frequency (Hz)
xO
Figure 6 — Servo cha\r\@l{'eristic for axial tracking for 1x measurement velgcity
The crpssover frequency, of HN(f), in kHz (see 9.9), used to define the limits of |1 + H(f])|, is specified
by Fopmula (3), where @},,, = 6,0 m/s? is the maximum expected axial acceleration due to local
disturpances, and amggls multiplied by a factor m = 1,25 for servo margin. The tracking error, e, ,,,
caused by this m ax shall be 55 nm. Thus, the 0 dB crossover frequency shall be as follows:
fo-— l:@ O pax /3x1 25><6O 3)
€max 55x10° -9
The in egl atorstattbefirstorder (K=t wittracrossover frequency of f ;=106 Hz {se€ Formulae (4)

to (6]].
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In the frequency range 100 Hz to 10 kHz:

0,9x[1+Hy (f)<[1+H(f)<LIx[1+Hy (f) )
In the frequency range 36 Hz to 100 Hz:
f 4,78
0,9x[1+Hy (f)S1+H(f)<LIx[1+Hy (fine )|><( 1}“ ) (5)
In the frequency range up to 36 Hz (in dB):
77,0 <|1 HHI=970 (6)
q/'\
The frequency, f,, in kHz, has the value determined by Formula (7): 0;'19
1 [@ 1 6,0 Q
f—J“‘——\/—g =16 S (7)
2n C max 2n 55x10 Q‘b
9.10.3 Referlence servo for axial tracking for 2x measurement velocit \\Q/

For the open-]

oop transfer function H(f) of the reference servo for ax

i&\%acking, |1+ H(f)] is limfited as

schematically|shown by the shaded area of the Figure 7. o
Galin (dB) QQ
<
N\
H
%
104 szg\
97,0
.\Q,

77,0

. i

6) “‘ . 1

) |

P ;

45,7 |.oocen. _gg_______ .-t

44,0 ----,-,@---"--" sl

O‘(‘ .

o :

20 :

i

0 :

i

1 10 66,5 200 1X 103 10X 103 100X 103
Frequency (Hz)

Figure 7 — Servo characteristic for axial tracking for 2x measurement velocity
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The 0 dB crossover frequency, f, shall be 3,2 kHz, the same as the 1x measurement condition. For the

maximum residual tracking error of 80 nm (see 11.4.2), this corresponds to an acceleration, a,,,, in m/
s2, as per Formula (8):
2
2 2mx3,2x10°
27mx ’
max=(Tf0)xemax=(f)><80><10'9=10,8 (8)

For the maximum residual tracking error of 110 nm (see 11.4.3), this corresponds to an acceleration,

. ID M/s2, as per Formula (9):

2
SEY0) e T T ) i q10%109 = 14,8

an lax 3 max 3 (9)

The infegrator shall be second order (K = 2) with the crossover frequency f; ., = 200z [see Formulae (10)
to (12]].

Frequéncy range 200 Hz to 10 kHz:
0

~

X1+ Hy (f)|<[+H(f)<LIX[1+Hy (f) (10)

Frequéncy range 66,5 Hz to 200 Hz:

5,36
0.9x(1+ Hy (F|<I1+ HOAIS 1A%+ Hy (fin >|><[f < ] an

Frequéncy range up to 66,5 Hz (in dB):
[1+H(f)|=277,0 (12)

9.11 Measurement velocities andreference servos for radial tracking

9.11.1] General

The applicable reference.servo and conditions for measuring residual radial errors depend on the
measjr;ement velocities:)measurement velocities for radial residual errors shall be [a half of the
recording velocities, a_reference servo for 1x measurement velocity refers to 9.11.2. Only if the disk
suppofrts reading at\dx reference velocity, measurement velocities for radial residual ergors shall be a
half of|the reading velocities, a reference servo for 2x measurement velocity refers to 9.1[.3. The servo
for all ponditions has the same basics, 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 axial tracking, |1 + H(f)| is limited as
shown schematically by the shaded area in Figure 8.
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Gain (dB)

100
99,0

80
79,0

56,6

Figu

The crossovel
by Formula (]
to local distu

emax'

caused hy

54,9

40

e e TS

S
20 »)
)
0
1 10 36 100 1x103 82<\103 100 x 103
Frequency (Hz)

Fe 8 — Servo characteristic for radial track@g for 1x measurement velocity
QO
frequency, f, of Hy(f), in kHz (see ﬂ)\\g&d to define the limits of |1 + H(f)|, is sp
3), where a,,,, = 2,2 m/s? is the worst-case maximum expected radial accelerati
‘bances, and «,,,., is multiplied by ctor m = 1,25 for servo margin. The tracking

thism x a th}%

s, the 0 dB crossover frequency shall be as follg

\

max’

1 /3
fo-%\/‘

The integrato
In the frequer

0,9x[1+Hy

In the frequerc

1
2n

XMX Oy

N
\/3x1 ,25%2, 36
16x1€§\‘

r shall be first or

emax

1th crossover frequency f;,, =

cy range 10 I-ﬁ)co 10 kHz:
(f)l & (NI=LIx1+Hy (f)

100 Hz [see Formulae (14) to (1

pcified

bn due
error,

WS:

(13)

6)].

(14)

éﬂge 36 Hz to 100 Hz:

0,951+ Hy () <L+ H(£)<1,1x[1+ Hy (fin >|x[

fint
f

)‘l‘,/b

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

79,0 < |1 + H(f)| < 99,0

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

1

|

fX_ZTc

22

amax

e

2,2

2% 18
16x107°

-1
2T

max
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For the open-loop transfer function H(f) of the reference servo for radial tracking, |1+ H(f)| is limited

as schematically shown by the shaded area of the Figure 9.
Gain (dB)

>

sy

10 043“675 200
b\
-
.\0

1 X103

The 0
maxin
s2,as |

um residu
er For

R\
n><f0

2

8):

3 2
)2 (211:><3,6><10 )
a xe L 7 x20x107=34

I

ha.

max —

10 X103

Frequency (Hz)

Figure 9 — Servo characteristic for radial tracking for 2x measurement vel

100 X103

pcity

dB crossover f(ey]uencyfo shall be 3,6 kHz, the same as the 1x measurement condlition. For the
cking error of 20 nm (see 11.5.3), this corresponds to an accelerati

DI, .

max 1N m/

(18)

J J

The integrator shall be second order (K = 2) with the crossover frequency f;,, =

to (21)].
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Frequency range 200 Hz to 10 kHz:

0,9%[1+Hy (f)IS|1+H(f)|<1,1x[1+Hy (f)] (19)

Frequency range 66,5 Hz to 200 Hz:
5,36
3 3 fint

0,9x|1+Hy (/)< +H(f)|<1,1X|1+Hpy (fine )X f (20)
Frequency range up to 66,5 Hz (in dB):

[1+H(f)g790 (21)
10 Dimensional characteristics
10.1 Gener3al
Dimensional fharacteristics are specified for those parameters deemed miandatory for inter¢hange

ristics

and compatillle use of the disk. Where there is freedom of design, only the functional charactg
ts described are indicated. The enclosed drawing, Figite 10, shows the dimensional

of the eleme
requirements
the outside ri

in summarized form. The different parts of the disk are‘described from the centre
m.

First transition area Second transition area

Centre Clamping

Information area area
hole IZoneI

hole to

Figure 10 — Overview of disk dimensions

10.2 Disk reference planes and reference axis

(For the disk reference planes see also Figure 11 and Figure 12).

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.

24
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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 Figure 11 and Figure 12).

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

Detail of smooth transition

|
i
|
| I
| 1
I Clamping zone
|
I . dg Information area Rim area
| ; d
1 7
b /7 | [o] .,
i o Ql Al |—
' X— A Xr.._—.:.._..,L ....... iy .
! 7 N o I — 7 \
! & <
| R S -
i n J —&"a‘ E .Q:,: ®
[ = N B - AT ——t=
: =~ v B TR A A e
i < g <
| / / P = dyq
i /
[ Cover layer
Detail of the edge of ) ) . | Entrance surface
Detail of Protection ring
cenmtre hole ]
@ 1
_ i
i
- I
= o d. 0 M=
= /A
/ /s 4 5
Figure 11 — Details of disk dimensions
I Centre-hole
é T
i Iy Recording layer LO
I r.

Substrate

Turn table

—_—

Cover layer

Figure 12 — Details of disk reference planes P and R and recording layer LO
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dimensions

The overall outer diameter of the disk shall be d; = (120,0 + 0,3) mm (see Figure 10).

The diameter

+0,10

of the centre hole shall be d, =15,00",’), mm (see Figure 10).

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

The edge of the centre hole at the read-out side is the reference for centring the disk and shall be rounded
off or chamfered. The rounding radius shall be maximum r, = 0,1 mm. The height of the chamfer shall
be maximum 0,1 mm above the bottom surface of the first transition area. The rounding or chamfer
shall be maximum h; = 0,25 mm from disk reference plane P (for the details see Figure 11).

The maximur
A between th
structure pro

The maximun
radius shall b

The minimun

Outside the d
h, = 0,4 mm.

Outside the d
h;=0,1 mm (3

10.4 First ty

In the inner a

fruding from the top surface of the disk.

h thickness of the disk is defined as the distance in the direction of the referen
e highest structure protruding from the entrance surface of the disk and(the H

1 thickness of the disk, including cover layer, protective coating and label printing,
e e, = 1,40 mm (see Figure 11).

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

lamping zone, the top surface may be inside the disk reference plane Q by ma

lamping zone the top surface may be outside the‘disk reference plane Q by maj
ee Figure 11).

ansition area

rea inside the clamping zone (d < dg), the'surfaces may be inside the disk reference

fe axis
ighest

at any

kimum

Kimum

planes

utside

P and Q by mpximum hg = 0,20 mm and maximumth, = 0,12 mm, respectively. These surfaces nay be
uneven or haye burrs up to maximum h; = 0,05\n1m and maximum hg = 0,05 mm, respectively,

the disk refergnce planes P and Q (see Figurec10 and Figure 11).

10.5 Protection ring

An optional r
surface of the
for damages ]

When appliec

ng-shaped protrusion in the inner area of the disk can prevent full contact betwe
disk and a surfaceyon which such a disk is laid down. By applying such a ring, the
p the read-out §ide of the disk can be minimized.

|, the protéction ring shall be located between diameter d; = 17,5 mm and di{

en the
thance

hmeter

ds = 21,0 mm. Betwéeh d; and diameter d, = 20,5 mm, the height of the protection ring shall be

maximum hg

= 0,125mm above the clamping surface.

Between d, a

Ind.d-, the height of the protection ring shall sink gradually to the surrounding §

urface

(see Figure 11).

10.6 Clamping zone

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

The outer diameter of the disk clamping zone shall be d, > 33,0 mm (see Figure 10).

The thickness of the disk within the clamping zone shall be e; = 1’204:

0,10

0'os mm (see Figure 11).

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

Within the clamping zone (dg < d < d;), both sides of the disk shall be parallel within maximum 0,1 mm.
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10.7 Second transition area

The se

cond transition area is the area between the clamping zone and the information area: d, <d < d,

(see Figure 10).

In the

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

maximum hg = 0,12 mm. This surface may be outside the entrance surface in the information area by
maximum h;y = 0,01 mm (see Figure 11).

In the

area, the top surface of the disk may be outside the disk reference plane Q by maximum

h{1=0,2 mm.

The st
betwe
top su

Figure
transit

10.8 ]

10.8.1

The in
and Fif

On ead
diame

.,lJ fl UIIll thC tUlJ o Ul fCl\,C ;ll thc al'cd tU thC tUP o Ul fa\,c ;ll thC ;llfUl lllat;Ull dl'Td ;D lLil The dlstance
en the start and the end diameter of the step is [;. If hyg > 0,2 mm, then the slop¢ down to the
Fface of the information area shall be smooth and /; shall be greater than1,8 @m gs indicated in
[11. If the top surface in the information area is stepped down from the top sutrfacelin the second
ion area, then the step shall end within diameter dg = 40,0 mm.

nformation area

General

formation area shall extend from diameter dg = 42 mm¢to-diameter d;, = 117 mm (see Figure 10
bure 13).

h recording layer, the data zone shall be located/between the inner diameter, dpy;,,,|]and the outer
er, dp;o- The data zones on all recording layers.shall have the same storage capacit]y.

The inper diameter, dpy;, on recording layer Lu‘shall be dpg, :48,0_(8‘2 mm and the ofiter diameter,

dpz0, dn recording layer Ln shall be dp;(, < 116,2 mm.
The arjea between dg and dpy; is called the inner zone and the area between dy; and dy}, is called the
outer zone (see Figure 13).
The tofal thickness of the disk ifithe information area is as specified in 10.3.
Information area
Inner zone Outer zpne
! < > Information zone < >
L. < >
i
i -]
!__
i "Leac‘l-m . Data zone Lead-oput
I (Cead-out) (Outer)
| zone zone
|
p b
/// : dDZI
g | dpzo
/f—
g I dio
/f—

Figure 13 — Division of information area
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10.8.2 Subdivision of information zone on TL disk

The information area is used to record the information zone and is divided over the three recording
layers. The information zone is subdivided into the following main parts (see Figure 14):

On recording layer LO:

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

— data zone 0;

— outer zone 0.

On recording[layer L1:
— outer zone 1;

— datazond 1;

— inner zong 1.

On recording[layer L2:
— inner zonk 2;

— datazond 2;

Lead-out zong (outer zone 2).

Substrate

Recording layer LO Lead-in zone

Spiacer layer

Recording layer L1 [nner zone 1

Spdcer layer

On layer LO, the spiral groove shall run from the inner side efthe disk towards the outer side of tHe disk.
On layer L1, the spiral groove shall run from the outer, side of the disk towards the inner side of tHe disk.
On layer L2, the spiral groove shall run from the intier side of the disk towards the outer side of tHe disk.
/\ Data zone 0 Outer zong 0
/ \ —> Spiral direction
/ \ Data zone 1 Outer zong 1
/ \ <€— Spiral direction
/ \ Data zone 2 Lead-out zope

Recordinglayér L2 Inner zone 2

Cover layer

] I > Soiraldirect
|

Inner side
of disk

Optical beam

Figure 14 — Subdivision of information zone

Outer side

of 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 data zone 0 at diameter dp,.

Outer zone 0 shall start at the end of the data zone 0 at diameter dp;q, and shall end at diameter

minimum 117 mm.
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Outer zone 1 shall start at diameter minimum 117 mm and shall end at the beginning of data zone 1 at
diameter dpyo4.

Inner zone 1 shall start at the end of the data zone 1 dp;;; and shall end at the beginning of data zone 1
at diameter dp; (.

Inner zone 2 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 2 at diameter dpy,.

Lead-out zone shall start at the end of the data zone 2 at diameter dy;,, and shall end at diameter
minimum 117 mm.

10.9 Em area

The rim area is the area outside the information area, starting at d;; and extending to the outer
diameter of the disk (see Figure 10).

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
entrarjce surface in the information area.

In the|remainder of the rim area, the surface at the read-out side of'the disk shall not e outside the
entrarfce surface in the information area by maximum h;5 = 0,05 nim:

In the[rim area, the surface at the read-out side of the disk may be inside the entrance purface in the
infornfation area by maximum h;, = 0,12 mm (see Figure 11).

In the Jrim area, the top surface of the disk shall not extend outside the top surface in thie information
area by maximum h;; = 0,05 mm (see Figure 11).

11 Mlechanical characteristics

11.1 Mass
The mpss, m, of the disk shall be 12([g<m <17 g.

11.2 Moment of inertia

The mpment of inertia ¢f'the disk shall be <0,032 g.m2.

11.3 Dynamic ifnbalance

The dynamicimbalance of the disk shall be <2,5 g.mm.

11.4 Axial runout

11.4.1 General

When measured by an optical system using the reference servo for axial tracking, and the disk rotating
at a half of the recording velocity, the distance between each recording layer and the disk reference
plane R (see Figure 11 and Figure 12) in the direction of the reference axis A shall be maximum
hi, = 0,3 mm over the entire disk.

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

Due to the integrator function in the reference servo (see 9.10.2 and 9.10.3), this component is
suppressed sufficiently such that the residual tracking errors as defined in 11.4.2 and 11.4.3 are mainly
due to local disturbances.
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11.4.2 Residual axial tracking error for 1x measurement velocity

The residual axial tracking error of each recording layer for frequencies below 1,6 kHz (equals f,,
see 9.10.2), measured using the reference servo for axial tracking as specified in 9.10.2, shall be
maximum 45 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 1x reference velocity, 3,688 m/s, and with the read
power at (0,70 + 0,10) mW for any layers of a TL disk. It is recommended to measure the residual axial
tracking error signal in a short period to avoid the deterioration of the read stability at 1x reference
velocity.

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

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

This means that for frequencies <1,6 kHz, the maximum local acceleration of the recording/layet in the

direction of r¢ference axis A does not exceed 6,0 m/s2.

hsured
kimum
b0 dB/

The rms noisq value of the residual error signal in the frequency band from 1,6 kHzte'10 kHz, me
with an integfation time of 20 ms and using the reference servo for axial tracking, shall be ma;
32 nm. The npeasuring filter shall be a Butterworth BPF from f_; 45 = 1,6:kllz with slope = +{
decade to f 3 {5 = 10 kHz with slope = -60 dB/decade.

11.4.3 Residual axial tracking error for 2x measurement velocity,

The residual gxial tracking error of each recording layer for frequencies below 3,2 kHz, measured using

the reference

the objective
disk rotating

Spikes in the
excluded. For

servo for axial tracking as specified in 9.10.3, shall be maximum 110 nm (displacen
ens needed to move the focal point of the opti¢al beam onto the recording layer) wj
ht 2x reference velocity, 7,375 m/s, and with the read power refers to 9.4.

residual axial tracking error signal due*to local defects, e.g. dust and scratches, s
2x measurement velocity, local defects that cause large axial tracking errors sl

hent of
ith the

hall be
nall be

taken into acqount as described in [.10.

The measuring filter shall be a Butterworth LPF, with f 5 45 = 3,2 kHz and slope = -60 dB/decade

This means tlhtat for frequencies <3,2(kHz the maximum local acceleration of the recording layeif in the
direction of the reference axis A doés not exceed 10,8 m/s? (see 9.10.3). However, due to the additional
reduction of |low-frequency cemponents by the second order integrator function, the maximum
acceleration 4t frequencies helow about 400 Hz can reach values up to 45 m/s2. The rms noise vplue of
the residual rror signal invthe frequency band from 3,2 kHz to 20 kHz, measured with an integration
time of 10 myg, using thé&reference servo for axial tracking, shall be maximum 32 nm. The measuring
filter shall be|a Buttetworth BPF, from f 3 45 = 3,2 kHz with slope = +60 dB/decade, to f_; 45 = 20 kHz
with slope = 160 dBjdecade.

NOTE Res|dual axial tracking error for 2x measurement velocity defined in 11.4.3 is applied, only if the disk

supports reading at 4x reference velocity.

11.5 Radial runout

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

The radial runout of the tracks in each recording layer (including eccentricity and unroundness) shall
be measured by an optical system using the reference servo for radial tracking while the disk is rotating
at a half of the recording velocity.

The radial runout shall be maximum 75 pm pp.
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Due to the integrator function in the reference servo (see 9.11.2 and 9.11.3), this component is
suppressed sufficiently such that the residual tracking errors as defined in 11.5.2 and 11.5.3 are mainly
due to local disturbances.

The residual tracking error shall be determined by applying the radial PP read channel (/; - I,) signal
for both measurement and radial servo control purposes as indicated in Figure 4.

11.5.2 Residual radial tracking error for 1x measurement velocity

The residual radial tracking error for frequencies below 1,8 kHz (equals f,, see 9.11.2), measured using
the reference servo for radial tracking as specified in 9.11.2, shall be maximum 13 nm with the disk
rotating at 1x reference velocity, 3,688 m/s, and with the read power at (0,70 + 0,10) mW for any layer

ofaT
avoid

Spikes
be exc

The m

disk. It is recommended to measure the residual radial tracking-error signal in a.s
eterioration of the read stability at 1x reference velocity.

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

pasuring filter shall be a Butterworth LPF with f 5 ;5 = 1,8 kHz and slepe = -60 dB/

This means that for frequencies <1,8 kHz, the maximum local acceleration of the trackj

direct

on does not exceed 2,2 m/s2.

The rnps noise value of the residual error signal in the frequenc¢y band from 1,8 kHz to 10 K

with a
9,2 nn
decads

11.5.3

The reg
using {
disk rq

Spikes
scratc]

The m

This nj
not ex
by the
canre
from 3
radial

h integration time of 20 ms and using the referencesservo for radial tracking, shall

hort period to

ratches, shall

Hecade.

in the radial

Hz, measured
be maximum

. The measuring filter shall be a Butterworth BPF from f 5 45 = 1,8 kHz with sldpe = +60 dB/

to f 3 4g = 10 kHz with slope = -60 dB/decade,

Residual radial tracking error for 2x measurement velocity

sidual radial tracking error in eachecording layer for frequencies below 3,6 k
he reference servo at for radial tra¢king as specified in 9.11.3, shall be maximum 2
tating at 2x reference velocity, 7,375 m/s, and with the read power as in 9.4.

in the residual radial tracking error signal due to local defects, like for instd
nes, shall be excluded.

pasuring filter shall be a Butterworth LPF, with f_3 45 = 3,6 kHz and slope = -60 dB

eans that for frequencies <3,6 kHz, the maximum local acceleration in the radial d
reed 3,4 m/s4sée 9.11.3. However, due to the additional reduction of low-frequenc
second order integrator function the maximum acceleration at frequencies below
hch values up to 15 m/s2. The rms noise value of the residual error signal in the fr
,6 kHZ to 20 kHz, measured with an integration time of 10 ms, using the refere
trdacking, shall be maximum 9,2 nm. The measuring filter shall be a Butterwo

Hz, measured
D nm with the

nce dust and

decade.

lirection does
y components
about 400 Hz
pquency band
nce servo for
'th BPF, from

f348 =

3:6'kHz with slope = +60 dB/decade, to f 5 45 = 20 kHz with slope = -60 dB/decade

NOTE

Residual axial tracking error for 2x measurement velocity defined in 11.5.3 is applied,

supports reading at 4x reference velocity.

11.6 Durability of cover layer

11.6.1

Impact resistance of cover layer

only if the disk

To prevent excessive disk damage in case an object lens hits the entrance surface at the read-out side of
the disk, the surface of the disk should have a minimum impact resistance. This impact resistance can
be tested by procedures described in Annex L.
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11.6.2 Scratch resistance of cover layer

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

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

11.6.3 Repulsion of fingerprints by cover layer

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

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

12 Optical

12.1 Generz
The following
These specifi

gluing layers
in case of TSQ

12.2 Refrac

If the layers n
Annex A shall

The refractive

1,45<ns<

12.3 Thickn

The average {
TS (TS0, TS1

The thickness
to h) below:

In Figure 15, f]
spherical abe

index 1,60 is ¢

gn)=-11

characteristics in information area

11
requirements shall be fulfilled within the information area of the disk:

Fations of the TSs include all possible layers on top of the recording layer concerng
n case of foils, the spacer layers and all the semi-transparentrecording stack of 13
the cover layer and possibly a protective coating).

Live index of transmission stacks (TS)

naking up the total TS have different refractive indexes, then the procedure descr
be followed.

1,70

ess of transmission stacks.(TS)

hickness between radius'ty and radius ry is called the reference thickness of the 1}
br TS2) on the disk (see 10.2 and Figure 12).

es of TSO, TS1 and\TS2, measured over the whole disk, shall fulfil the requiremen

pr reference to requirements a) to c), the curves show the thickness ranges with equ
ration, (The ratio of a thickness with arbitrary refractive index n to that with ref
xpressed by an approximate function of g(n) [see Formula (23)]:

 index, n, of the cover layer and spacer layer of the disk shall be as per Formula (22):

ed (e.g.
yer Ln

bed in

(22)

elated

s in a)

valent
factive

Y% n3+5,8143xn2-98808xn+6,476 0

(23)

Figure 16 shows a coefficient function for converting the actual thickness to an effective thickness for
requirements f). The actual thickness means physical value. The effective thickness means imaginary
value when refractive index is assumed to be 1,60.

The actual thickness of arbitrary refractive index n is converted to an effective thickness of standard
refractive index of 1,60. Defocus values of the actual and effective thickness are the same. In this
subclause, defocus is defined as the focus position movement of the light going through the transparent

medium with

32

each thickness and each refractive index.
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The coefficient function of f(n) equals tan(6,) / tan(6,), where 6, and 6, are the converging angles in
the TS with refractive indexes of 1,60 and the arbitrary value of n, respectively. The function f(n) is

expressed approximately by Formula (24):

f(n) =-1,088 0 x n3 + 6,102 7 x n2 - 12,042 x n + 9,100 7

(24)

The thickness of TSO (all layers on top of layer L0) depends on the refractive index and shall be
within the uppermost shaded area in Figure 15 (In case of a refractive index of n, the thickness
shall be between 94,0 x g(n) um and 106,0 x g(n) um, and the dashed curve indicates the nominal
thickness as a function of the refractive index).

dex, shall be

thin the middle shaded area in Figure 15 (In case of a refractive index of n, the thic
tween 69,0 x g(n) um and 81,0 x g(n) um, and the dashed curve indicates the nom
a function of the refractive index).

e thickness of TS2 (all layers on top of layer L2), as determined by its'refractive i
thin the undermost shaded area in Figure 15 (In case of a refractive’ index of n,
all be between 52,0 x g(n) um and 62,0 x g(n) um, and the dashed curve indicate
jckness as a function of the refractive index).

e thickness of spacer layer1 (S;), sandwiched by layer LO and’layer L1, shall be bet
d 30,0 pm.

e thickness of spacer layer2 (S,), sandwiched by layer L1 and layer L2, shall be bet
d 23,0 pm.

e thickness differences shall meet the requirément C - (S; +S,) 2 1,0 pm and S; - §
S, shall be converted from their actual thickness to their effective thickness by be

fractive index].

e maximum deviation, AD, of the thickness of TSO and TS1 from their respect
jckness shall meet the requirement |AD| < 2,5 pm.

e maximum deviation, AD,of the thickness of TS2 from its reference thickness {
guirement |[AD| < 2,0 pms

Example of target thickness of spacer layers for TL disks
s production;simple target values of thicknesses are useful.

commended that when the following three requirements are fulfilled, then require
| arealways fulfilled for a refractive index of 1,60.

a)
b)
w
bd
as
c) Th
w
sh
th
d) T}
an
e) T}
an
f) TH
S1
by
re
g) Th
th
h) T}
re
12.4 ]
In mas
Itisre
of 12.3
a) TH

ethickness of the spacer laverd (Ql) shonld he 25 0 pm+20pm

kness shall be
nal thickness

Index, shall be
the thickness
5 the nominal

ween 20,0 um

ween 13,0 um

> = 1,0 um [C,
ng multiplied

f(n) shown in Figure 16, where thickness of TS2 equals the cover-layer thicknegs (C) and n is

ive reference

hall meet the

ments a) to f)

b) The thickness of the spacer layer2 (S,) should be 18,0 um * 2,0 pm.

c) The thickness of TS2 (equals C) should be 57,0 um + 2,0 pm.
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110,0
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s
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2
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8
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Refractive index of the transmié@x stack

NS
Figure 15 — Thickness of transmission stackg@) as function of reflective index
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1,2
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1,0 -+ 1000
________ _ 0,959
-4 _0921

0,9 1 l 1

1,40 1,45 150 1,55 1,60 _165

Refractive index of the-spacer layer

1,70 1,75

Figure 16 — Ratio of effective thickness with refractive index 1,60 and that with arbitral

refractive index, n

12.5 Reflectivity of recordinglayers

The re¢flectivity of each recording layer in the information zone, including transmigsion through
concerned, shall fulfil the following requirements independent of the recording status of the
other recording layers. (whether unrecorded, recorded or partially recorded) under the [neasurement

the TS
condit

ons of Annex B-as follows:

n unrecorded virgin grooves:

1+ ,0of layer LO and layer L1:

Ry, = 1,5 %to 4,0 %;

— i

1 £l I
— dlIa 0l'ldyCl L4.

n unrecorded erased grooves:

— oflayer LO and layer L1:

— and of layer L2:

— at each location on the disk:

— inrecorded grooves for the first 10 DOW cycles:

— oflayer L0 and layer L1:

— and of layer L2:

©150/1
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. o0 oy P Ao
Ry — 2,2 7000 1, U°70;

Ry.e = 1,4 %to 4,0 %;
Rg.e =2,0 %to 4,0 %;

0,75 x Rg_V < Rg_e <1,25 % Rg_v;
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— ateach location on the disk: 0,75 Ry, <Rgy <1,25x Ry,

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

12.6 Birefri

ngence

The in-plane birefringence of the TSs shall be (see Annex ] for the detailed definition) as per

Formula (25):
An//s 1,5

x 104

(25)

The perpendi
Formula (26)

An, <1,2

12.7 Anguld

The angular

cular birefringence of the TS5s shall be (see Annex | for the detalled definition)

< 103

r deviation

leviation is the angle, 6,, between a parallel incident beam; perpendicular to th

reference plafe P, and the reflected beam. The incident beam shall have a'diameter in the range (

to 1,0 mm. Th
layer and/or s

e angle, 6, includes deflections of the entrance surface and-Jack of parallelism of th

pacer layer (see Figure 17).

Cover layer

Substrate Recording layer

Read-out
surface

é Reflected beam

?Incident beam

as per

(26)

e disk
,3 mm
b cover

Figure 17 — Definition of angular deviation

The requirements for the angle 6, are as follows:

— in the radial direction:

— under the normal test conditions specified in 8.1.1: [0, | max. = 0,60

— under the “sudden change” test conditions specified in 8.1.1: |0, | .« = 0,70°;

— in the tangential direction:

— under the normal test conditions specified in 8.1.1: [0, | max. = 0,30°.
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The data received from the source (application or host), called user data frames, are formatted in a

number of steps before being recorded on the disk (see Figure 18).

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)
y
Scrambled data frame | Phys. sector number
32 frames Addr. unit number
X 2052 bytes 16 addresses x 4 bytes
y Primary addr. fields y Y
Data block 16 addresses x 9 byte < Access block
304 columns ﬂ Q 24 columns
216 rows Addr. field%\y?\.\ 30 rows
16 addresses )};3 es
v v
LDC block BIS block
304 columns 24 columns
216 rows data 30 rows data
32 rows parity 32 rows parity
L N
\ 4 v
LDC cluster BIS cluster
152-Celumns 3 columns
496 rows 496 rows
/ 7 7
v v X ¥y X X
LDC BIS LDC BIS LDC BIS LDC 496 rows divided in
16 address units
38col. |[1col] 38col. |[1col| 38col. |1col. 38col of 31 rows each
ECC Cluster
Vel 1 Ay
Ho5eotts
Frame dc dc dc 496.
sync ]%e%ta contr| D: Sta contr| Djéa contr] | recording
20 frames
Physical cluster ———>

(1 932 channel bits
=1 288 data bits)

Figure 18 — 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.
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The address and control data added by the BD rewritable system are transferred successively into an
access block, a BIS block, and a BIS cluster.

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

an ECC cluster, subdivided into 16 address units;

— aphysical cluster, consisting of 496 recording frames.

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

as follows.

First, the
Reed-Sol
overall ef]

Secondly,
of (62,30
control in
by meang

The combinat

All the data i
direction, rov

mon (RS) code words. This code has ample parities and interleaving length with
ficiency and can correct both random errors and burst errors.

33) RS code words. These BIS code words carry addresses for allggation purpos
formation belonging to the user data. They can also be used to indicate long burst
of which the LDC can efficiently perform erasure corrections.

ion of these two codes is called an “LDC+BIS code” (see Figuxe'19).

s arranged in an array as indicated in Figure 19. This array is read in the hor
v after row, and recorded on the disk after inseption of additional d.c. contr

modulation, ajnd insertion of synchronization patterns.

The error-corx
burst errors o

Sync

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

38 1 38 1 38 1 38
bytes byte bytes byte bytes byte bytes

< <

v

Hatais protected by along-distance error-correction code (LDC), consisting of (248,2

16,33)
h good

the data is multiplexed with a powerful burst indicator subcode (BIS)which c¢nsists

es and
PITOrS,

zontal
|1 bits,

k-up of
pction.

496

By
B;

B, D¢ ... Dig3 Dy Dygy

Address
unit 0

data stream
_—

Y

hd

rows

on disk

Address

31
ows

Fp--

31

unit 14

Address
unit 15
D75 391

rows

o
T
31

rows

Figure 19 — Schematic representation of physical cluster on disk

Address units:
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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 for a fast addressing mechanism embedded in the written data.

Physical sectors:

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

Logical sectors:

Not al] physical sectors are available for storage of user data delivered by the applicatioh or host. The
inner 4nd outer zones are excluded. The remaining sectors are available for storing user data and are
called Jogical sectors.

13.2 Data frame

A datd 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 the4 EDC bytes as ed}, j,5 to ed; 51
(see Figure 20).

T ud, T
2048
user data :
bytes y 2052
J ud, 47 bytes
T L ed;gug
4 | edyug
EDC bytes ed; o=
& ed, g=q J

Figure 20 — Data frame

13.3 Error-detection<code (EDC)

The 4-pyte field€dy (45 to ed, 451 shall contain an error-detection code computed over the 2 048 bytes
of usef data. Considering the data frame as a single bit field, starting with the msb of|the first user
data byte (udy) and ending with the Isb of the last EDC byte (ed, 5;), then the msb is by ;5 and the Isb
isby.

Each bit b; of the EDC is shown in Formula (27) for i =0 to 31:

0
EDC(x)= Zbl-xi =I(x)modG(x) (27)
i=31
where
32 .
I(x)= 2 b;x';
i=16 415

G(x)=x32 +x3 +x* 1.
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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 21 in which bits s, (msb) to s, (Isb) represent a scrambling byte at each 8-bit
shift.

The heart of the circuit is a linear-feedback shift register (LFSR) based on the polynomial as per

Formula (28):
D) =x10+x15+x13 + x4+ 1 (28)

So to sy form a_16-hit shift register At each shift clock the content of S shifts to St (n =0 14) while
Sg is set to s;5|D s14 D s1, D s3 (Bstands for exclusive-or).

At the beginnling of the scrambling procedure of each data frame, the shift register s, t0 515 shall be
preset with a|value derived from the (virtual) PSN associated with the data frame (see’€lause 1Y). The
16-bit preset yalue shall be composed in the following way:

— ;5 shall he set to ONE,
— Sy So shiall be set to PS;q .. PS¢ of the PSN (see Figure 21).

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

Physical sector number (PSN]

MSB LSB
5 Pl [p Pl T 1P| [P p| [p[ [p[P 3
S S S S S S S S| [SIS S
3 212 1 | 1] |1 8 |7| |5/4 0
1 4 3 9 6 5
YYVVYVVYY
Paralle_>1 s|s| |s «— Shift clock
Yoad 131 15 s|s|s|s|s|s|s|s
sz [2 7/6[5/4|3|2[1]|0
|/\ Jan an
NVARNY/ U

Figure 21 — Scrambler circuit

After loading the preset value, s; .. s are taken out as scrambling byte S;,. Then an 8-bit shift is repeated
2 051 times and the following 2 051 bytes are taken from s, .. sy as the scrambling bytes S; to S, (5;.

The 2 052 bytes ud/ed; of the data frame become scrambled bytes d; where:
d,=ud/ed;, @ S, for k=0 to 2 051; & stands for exclusive-or.

13.5 Data block

In the next step, 32 scrambled data frames (F = 0..31) are combined into one block of data (see Figure 22).
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- 32 frames N
0 1 F 31
T doo do do do 31
dio dy, dyp dy 3
2052 : : :
bytes
d; 050,0 d; 0501 d; 050, d; 050,31
4 d; 0510 dj 0514 dj o516 d; 05131

These|data are rearranged into an array of 216 rows x 304 columns by dividing edch sd

Figure 22 — 32 scrambled data frames

rambled data

frame finto 9,5 columns as shown in Figure 23. This new array is called a data block. It shiould be noted

that eyery even scrambled data frame ends halfway down a column, and(eyvery odd sa

frame fstarts halfway down a column.

<« 304 columns -
0 1 9 10 18 19 303
T dOO d2160 dl 944.0 d10m< dl 836.1 dOZ g 183631
le d2170 dl 945.0 d}b\q\l( dl 837.1 d12 g 183731
dz o500
rows . @y
djo61
i’ d2150 d4—310 d‘1071 d3231 dZ 051.1 d2152 4205131
Figure 23 =~ Composition of data block from 32 scrambled data framesg
13.6 LDC block
The bytes in each column of the data block are renumbered as shown in Figure 24 startin

of eacl[ colum

n as follows: e, € ..

walbhax: O+ 2020

COlumu HBer—o-t6 CAs D

rambled data

b from the top
e;, - to e,15;, in which L represents the code word 1|1umber (= 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,, . Pj1 - O P247,1.
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304 columns
«— —
Code word | Code word Code word Code word | Code word
0 1 L 302 303
0 T €0,0 €0,1 €o,L €0,302 €0,303
216 €10 €11 €L €1,302 €1,303
rows €0 : : : :
with :
1 LDC data
|
code word v €215,0 €215,1 €215.L €215,302 €215,303
=248 T P216,0 P216,1 P216,L P216,302 Pz16,363
bytes 32 : : : : :
rows
with
parity
\2 \2 P247,0 P247,1 P247,1 P247)302 P247,303

Figure 24 — Renumbering data bytes and forming LDC bloek-by adding parities

13.7 LDC code words

The long-distpnce RS code is defined over the finite field GF(28). The non-zero elements of thé
field GF(28) afe generated by a primitive element a, wheréwis a root of the primitive polynomial

per Formula

29):

px)=x8Hx*+x3+x2+1

The symbols| of GF(28) are represented by bytes (groups of 8 bits), using the polynomi:

finite
b(x) as

(29)

1-base

representation, with (a7, a®, a5, .., a2, a, 1)}\as a basis. The root a is thus represented as a = 00000010.

Each LDC co

over GF(28), Having 32 parity bytes and 216 information bytes. Such a code word can be represer
a polynomial |/;.(x) of degree 24%\(possibly having some coefficients equal to zero), where the |
degrees corrgspond to the information part of the vector (e ; .. etc.) and the lowest degrees corrg
art of the vector (p,44 , - €tc.).

to the parity

l4.(x) is a mulfiple of the'generator polynomial g(x) of the LDC code word. The generator polyno

as per Formula (30):

31

word, represented by‘\the vector ly. = (eg; .- ;1 - €315 P216.L - Pj 1 - P2477), is a R

’

g(x)=

':O_(x—a")

S code
ted by
ighest
spond

Imial is

(30)

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 Iy is such that H . x ;. = 0 for all LDC code
words Iy

The second row h; ¢ , of the parity check matrix H;, corresponding to the zero a of the generator
polynomial g(x), defines the code word positions to be used for error locations. This second row h; ¢
of the parity check matrix H| . is given by Formula (31):

hipco = (@, a4 . a?, a, 1)

(31
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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 2-step process, resulting in the
LDC cluster.

13.8.2 Firstinterleaving step

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

Each new column is formed by multiplexing each even column from the LDC block, witl the next odd
colump. The new column is filled by taking the first byte from the even LDC block\colimn, then the
first blyte from the odd LDC block column, next the second byte from the even|LDC block column,
followgd by the second byte from the odd LDC block column, etc. as shown in Figutre 25.
152 columns
“«— -
0 1 151
T €00 €02 : : €0,302 T
€04 €o3 : L O €0,303
432 €10 ) : : €1,302
rows €11 €13 e : €1,303
with : : : : :
data : : o)
€2150 €2152 : : €215302
1 €151 €315%) : : €215303 496
T P216,0 P2162 : : P216,302 rowp
P216,1 h(\5'216,3 : : P216,303
64 P217,0 DP2172 : : P217302
rows P21zl Paizs : : P217.303
with : : : : :
parity N\
P247,0 P2472 : : P247302
! L) Doy P2473 : : P247303 {
Figure 25 — First step of interleaving
13.8.3] ‘Second interleaving step

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

All rows of an LDC block resulting from the first interleaving step shall be shifted over mod(k x 3,
152) bytes to the left where k = div(row_number,2), 0 < row_number < 495. The bytes that shift out at
the left side are re-entered in the array from the right side (see Figure 26).

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 19.
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wom.thQ o.n.VNQ w_n.VNQ NN.VNQ o.m\vNQ NOMN.VNQ mwN_N..vNQ 9 NN.VNQ Jigs —
6529V7 TovZq | €0e9veq €ozorzq | 1929veq 0s1
me.g\NQ o_m‘vNQ Nom,®¢NQ N@N.@&NQ 0 Nd‘vNQ um—ﬂm —
yIys —
ﬂ_Hmm mom.ﬁmw ﬂom,ﬂmw m.ﬂmw m,ﬁmw 1
0TSy 20€TSy 00€TSy Y155 AN Jiys —»
66205, 108 €0€°0S 1pe0s
9 9 C] 9 0ST
me‘omw odmw Nom_omm 0 m_omw u.w—ﬂw -
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m.ﬁw m_HQ H_am. mom.ﬁw Hom_ﬁw o_ﬁm B‘Hm ¢
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Figure 26 — 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 are included.
13.9.2 Address units

13.9.2.1 General

For positioning the optical head onto the desired track, a fast addressing mechanism is implemented
by sujdwldlng the 64K physical clusters into 16 address units. Each address unit contaifhs an address,

which|is placed in such a way into the BIS code words (see 13.11) that it can befaccessed quickly
(see Figure 27).

Each afddress field consists of 9 bytes as follows:
— 4 bytes for the address-unit number (see Clause 17);
— 1 byte for flag bits;

— 4 bytes for error correction.

<« 16 addresses >
0 1 : S : 15
T AF,, AF, : AFy : AFo 15
Address-unit [ AF,, AF,, : : : AF; 15
numbers : : : : : :
9 AF. AFy] : AF. ¢ : AF. .«
bytes Flag bits AF, AF, | : AF, ¢ : AF, s
AF; AF : AFs ¢ : AFs 15
Parities : : : : : :
J AFg, AFg, : AFg : .\

Figure 27 — 16 address fields

13.9.2(2 Byte assignment for address fields

Beford describinng address fields, primary address fields, which consists of address-unif number, flag
bits arld parity bytes, are defined as follows:

PAF ¢ MSB of the address-unit number with modified bit order as
WAUs1, AUS0, AUZY, AUZs, AUZ4, AUZY, AUZ6, AUZS§;
PAF, ¢ 2nd SB of the address-unit number;
PAF, ¢ 3rd SB of the address-unit number;
PAF; ¢ LSB of the address-unit number;
PAF, ¢ flag bits:  These bits can be used to indicate a status of individual data frames in a clus-

ter or can be used to hold other information, such as for instance 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.

PAF5 ¢.. PAFg ¢: 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 (32):
pX)=x8+xt+x3+x2+1 (32)

The symbols of GF(28) are represented by bytes (groups of 8 bits), using the polynomial-base
representation, with (a7, a®, a, .., a2, a, 1) as a basis. The root a is thus represented as @ = 00000010.

Each primary address-field code word, represented by the vector pafc = (PAF ¢ ..PAF; .. PAFg ), isa RS
code over GF(28) having 4 parlty bytes and 5 lnformatlon bytes Such a code word can be represented
by a polynomjalp 3 33 nts-eg e ere-the-highest
degrees corrspond to the 1nf0rmat10n part of the vector (PAFOS pgrees

pafc(x) is a nmultiple of the generator polynomial g(x) of the primary address-field-code wond. The

g(x)= | (x—(xi) (33)

The primary|address-field code is systematic: the 5 information ‘bjites appear unaltered [|in the
highest degrge positions of each code word. The parity check matrix Hppc of code pafc is sug¢h that
Hpppc * pafcT g 0 for all primary address-field code words pafc.

The second r¢w hpppc » of the parity check matrix Hp,pc corrésponding to the zero a of the gerferator
polynomial g(x), defines the code word positions to be usgd-for error locations. This second row ipspc »
of the parity ¢heck matrix Hpg is given by Formula (34):

hpapc2 = (B8 @’.. a?, a, 1) .

Address fieldg are defined as the following by-partially inverting primary address fields:
AF, ¢=PAF; ¢
AF, =PAF, g
AF, ¢ = all bitg inversion in PAK5 g
AF; o= all bit§ inversion in PAF; g
AF, ¢=PAF, ¢

AFs ¢ = all bitg inversion in PAF; g;

— i iIuarcion 1 DAL .
AF¢ ¢ = all bits+verstontPAt
AF; ¢=PAF; g
AFg ¢=PAFg .

13.9.2.3 Address-unit numbers

The 16 address fields to be recorded in the BIS columns of the physical cluster each contain a 4-bytes
address-unit number (AUN).

The address-unit numbers shall be derived from the PSN as defined in Figure 28. The address-unit
numbers increase by 2 for each successive address unit, for reasons of synchronization with the PSN
(see Clause 17).

46 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

The address-unit number of the first address unit of each physical cluster is a multiple of 32.
The first address-unit number in the data zone 0 is 00 10 00 00h (1 048 576 decimal).

The last address-unit number in data zone 1 is 03 EF FF FEh (66 060 286 decimal).

The first address-unit number in data zone 2 is 04 10 00 00h (68 157 440 decimal).

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

— AU3; .. AU; shall be a copy of PS5 .. PSs from the PSNs;

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

— AU, shall be reserved. Qq:\
Physical sector number (PSN) (bq/
AL N
s~ MSB ) _LSB T
P P P P P P P DTrlp P
S S S S S S €) S|s S
3 2 2 1 1 8 b 514 0
4 3 6 5 \
CETTTT TTTTT LGPy { ] { st
CD count ZERO

Address-unit number (AUN)%_ —

(BRI N Affqu L] }\lll
\ A\ |AJAJA LA A A A A
o ERRRLE P o BN L LEL (L (e s
1 817 16 E 4 3 7 1{0

&Lk N
%
sS‘
F ¥ Y ¥ ,_\‘ES
m| 1 m ‘\) 1 m 1 m
B Bl b 3 sl B B B
PAF, ¢ % \PAF 5 PAF, PAF; ¢

i b
] T | |_|> -
C\){‘ Flail-)its I>C
., ¢ \

PAF 5

@’ Parity bytes Primary address field
/2‘ A

v

PAF; ¢ PAF, PAF, ¢ PAFg ¢

v

|

Address field
AF
= AF
AF, +
AF, -+
AF, ¢ -
AF
= AFg
AF, ¢
AFg

&L N

A=Y

Figure 28 — Composition of AUNs, primary address field and address field from PSNs

© ISO/IEC 2021 - All rights reserved 47


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

13.9.2.4 Assignments for the flag bits

Bit[ b, be b, b, b, b, b, b,

AF, Sa, Saj Sa, Saj IdT, Rd;: Rsv Rsv
AF, Sa,, Saz Sa, Saz IdT, Rd,, Rsv Rsv
AF,, Sa, Sag 4 Sa, Sag IdT, Rd;; Rsv Rsv
AF,, Sag Saz, Sag g Sazy 1dT, Rd;, Rsv Rsv
AF,, Sag Sag Sag Sag IdT, Rdy; Rsv Rsv
AF,s | Sajgq | Sajqq | Sajgg | Sajy | IdT, Rd;, Rsv Rswv
AF e | Sajpq | Sapzy | Sappg | Sagsy IdT, Rd, Rsv Rsv
AF ; | Sajyq | Sagsy | Sapy | Sagsy IdT, Rdg Rsv Rsv

MFug | Sagg; | Saj;q | Sagee | Sagqg Rsv Rd, Rsv Rsv

AF,q | Sajgy | Sajgy | Sajgy | Sajgp Rsv Rd, Rsv Rsv
AF 10 | Sayeq | Sazq | Sayee | Sazg Rsv Rd; Rsv Rsv
AF, 11 | Sazyq | Sazsy | Sagy | Sagsy Rsv Rd, Rsv Rsv
AF 15 | Sagyy | Sagsy | Sazye | Sagsg Rsv Rd, Rsv Rsv
AF, 13 | Saze: | Sazzq | Saze | Sazsy Rsv. Rd, Rsv Rsv
AF 14 | Sazgq | Saygq | Sazgg | Saygg Rsv Rd, Rsv Rsv
AF, 15 | Saggq | Sagyy | Sagg | Sagyy Rsv Rd, Rsv Rsv
Rs$v: Reserved unless otherwise specified by the BDAP.

Figure 29 — Flag'bits from 16 address fields
Status bits S3,; (0 <i< 31, 0 <j<1): Because each cluster contains 32 data frames and there are ¢nly 16
address units| each such address wnit shall hold the flag bits for 2 data frames (see Figure 29).

Bit b; and bit b5 of the succesgivetlag bytes AF, sare defined as status bits Sa, ¢, and Sa, o, respe¢tively,
for data fram¢ 28.

Bit by and bif b, of the¢: successive flag bytes AF, g are defined as status bits Sa,g,;; and Spyg.q
respectively, for datasframe 25+1.

Bits b; and bfofall flag bytes AF, ¢ shall be reserved unless otherwise specified by the BDAP.

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

IdT, (see Figure 29).

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

Recording data bits Rd;: Bits b, of the successive flag bytes AF, ¢ shall represent the date when the
cluster containing this address unit has been recorded in the following format (see Figure 29):

Rd;s to Rdg: These 7 bits shall represent the actual year — 2 000 as an unsigned binary number with
Rd;5 as the msb;
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Rds:  These 4 bits shall represent the actual month as an unsigned binary number with Rdg as

the msb;

Rdy:  These 5 bits shall represent the actual day of the month as an unsigned binary number

with Rd, as the msb.

If a drive is not able to correctly set this field, all bits Rd, shall be set to ZERO.

13.9.2.

5 Usage of status bits Sa;;

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

The fo

Sal-yl/S

In the
mode.

Furthg

]nurihg cnﬂ'ingc are defined:

[+

;0= 00:data frame contains general user data;

ify-write (R-M-W) actions;

11: data frame contains padding data inserted by the drive to complete c
recording them onto the disk;

Other: reserved unless otherwise specified by theZlBDAP.

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

01: data frame contains specific user data that is allowed to be discarded durjng read-mod-

usters before

iser-data area, all status bits Sa; ;/Sa; ; should be set toOfl'in clusters being written in “streaming”

rmore, the status bits Sa;;/Sa; , shall be set to I1 in data frames that have been iifserted by the

In all gther cases, where the data for data framie\/ is supplied by the host, the status bits Ja; ;/Sa; , shall

be set fo 00.

Consequently:

if Sa; 1fSa; is set to 00, the contentof data frame i shall be conserved during R-M-W actiops.

if Sa; ;1 fSa; o is setto 01 or 11, “~the content of data frame i may be discarded during R-M{W actions.
In case of doubt about the reliability of some Sa; ; /Sa; ; bits)the content of
the related data frame i shall be conserved during R-M-Wqctions (Sa;/
Sa;  shall be considered as having the value 00).

13.9.3| Usercontrol data

For adg frame. These

cessing the user data, special control data can be added to each user data
o QINpan

ied by its user

control data unitis called a sector. Each user control data unit con51sts of 18 bytes (see Figure 30).
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“— 32 units -

0 1 S 31
T UCy, UCy, UCy s UCy sy
UCy o UGy, : UCy 31

18 bytes :
J’ UC17 0 UC17,1 U(:17,5 UC17,31
Figure 30 — 32 user control data units
13.9.4 Byte/Bit assignment for user control data

The user cont|
shall be set to|

rol data bytes are BDAP-dependent. If this setting is not specified bysan BDAP, thes¢ bytes

00h.

50
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Figure 31 — 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 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 31) are grouped into 3 groups of 3 bytes.

The 3 groups of bytes of each of the addresses 0 to 7 are placed in the access block in a diagonal direction
in the first, third and fifth row, starting with address 0 and each successive address shifted cyclically 3

positions to theteftfseeFigtre34-

The 3 groups
fourth and si
to the left.

Within each g

one-byte posifion.

Within each d
two-byte pos

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

Formula (35)
Byte AF, , sha
row r

colun

The user cont

of bytes of each of the addresses 8 to 15 are placed in a diagonal direction inthe s
th row, starting with address 8 and each successive address shifted cyclically 3 po

roup of bytes in the third and fourth rows, the bytes are shifted cyelically to the le
roup of bytes in the fifth and sixth rows, the bytes are shifted cyclically to the le

tions.

11 be allocated in:

=2 x div(x,3) + div(y,8);
In ¢ = 3 x mod{[div(x,3) + 16 - y],8} + mod{[x - div(x,3)],3}

fills 34 of a co

13.11 BIS bjock

The bytes in ¢ach column of an aceess block are renumbered as shown in Figure 32 starting fr
top of each column as follows: by by ¢ .. b; ¢ .. to byg o, where C represents the code word number

column num

The BIS bloc

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

mn (4 user control data units in 3 full columns; see Figure 31).

r: 0 to 23).

is completed by extending each of the columns with 32 parity bytes accordiy

econd,
Kitions

ft over

ft over

fed by

(35)

ro data unit is placed in the coluthn direction, whereby each user control data unlfit only

bm the
(= the

gtoa
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<« 24 columns -
Code word | Code word Code word Code word | Code word
0 1 C 22 23
T T b0,0 bO,l bO‘C b0,23
b1,0 b1,1 bl,C b1,23
30 : : : :
information by
1 BIS bytes :
code word by g by 4 by ¢ by 23
= p2 bytes 3T2 pbsg pbsg, pbso ¢ pbsg 3
parity bytes
\ \ Pbg1 pbgy 4 pbgi ¢ Pbgi 23
Figure 32 — Renumbering data bytes and forming BIS block by adding parijties
13.12 BIS code words

The BI
are ge

Formufla (36):

p0

The s
repres

Each B
over G
by a |
higheg
corres

bis(x) i
per Fo

g

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

)=x8+xt+x3+x2+1

ymbols of GF(28) are representéd by bytes (groups of 8 bits), using the po
entation, with (a7, a®, a, .., a4, @ 1) as a basis. The root « is thus represented as a 5

IS code word, represented by the vector bis = (bg ¢ .. b; ¢ .. Dyg ¢ Pb3q ¢ - PDj ¢ .. Pbgy ¢
F(28), having 32 parity.bytes and 30 information bytes. Such a code word can b
olynomial bis(x) ofidegree 61 (possibly having some coefficients equal to zer
t degrees correspend to the information part of the vector (b . .., etc.) and the Ig
pond to the parity-part of the vector (pbsq ¢ .., etc.).

s a multiple of the generator polynomial g(x) of the BIS code word. The generator pg

rmula (373

31

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

(36)
ynomial-base

00000010.

), is a RS code
b represented
p), where the
west degrees

lynomial is as

G -)

(37)

=0

The BIS code is systematic: the 30 information bytes appear unaltered in the highest degree positions
of each code word. The parity check matrix Hgg of code bis is such that Hgg x bisT = 0 for all BIS code
words bis.

The second row hgs , 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 Hgs is given by Formula (38):

hgis o = (@01, a®0 .. a2, a, 1) (38)
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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 19. 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 33).

The essentials of the BIS interleaving scheme are the following (see Figure 32 and Figure 33 and the
examples in Figure 34 and Figure 35):
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in one

each row
row of th

the even
mapped i

the 3-byt
whereby

The first
which is

— row ]

£+l o DIC L] | Lis 2o o O £ Loozi Tl Lo T FRYS laal
I'UIIC D19 UIUCUIN IO DPIIL jesanvpe] 51 UulJD Ul J U)’ LLO. T1ICOU ' J IJ‘y C 61 UbllJD dlIT Tdaulll l.llabc

b BIS cluster;

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

b groups from an even row of the BIS block are placed each in the samerow of units
Lhe units are used in reverse order (according to their numbering):

ck are

0to 7,

B-byte group of each successive row of the BIS block shall be placed in a unit with a number

ne higher than the start unit used for the previous row asfollows:

V = 0 of the BIS block is placed on rows r = 0 of units: 0,346, 5, .., 2, 1;

— row I§ = 2 of the BIS block is placed on rows r=1 of units) 1, 0, 7, 6, .., 3, 2;

— row l§ = 4 of the BIS block is placed on rows r = 2 ofunits: 2,1,0, 7, .., 4, 3;

— etc, this process is repeated cyclically until tow’N=60, which is placed on rows r=30 o
6,54%,3,..,0,7

now, within each unit, each row r is shifted ¢yclically to the right by mod(r,3) positions: so ro

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

1, etc;

for the odd rows of a BIS block, the same kind of procedure is followed, but then using the un

15.

units:

wr=0
hifted

ts 8 to
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Mathe

“— 3 —
columns
T T B, B, B, T T
31 :
R 2 Boo _ _____ Bog_____] Bop _L___l___
T Bys By, Bys
31 :
S S U S S S R
S Y IS T
T T
496 | {6
rows 31 e Ir units
rows | «———
v _locsi
e R LDt sebl L E R
31
J J B1 457 J

Formullae (39) to (41):

Byte b
— in

u

— in

+ div(N,2)

Figure 33— BIS cluster

v.c Or pby ¢ (see Figure 32) islplaced as follows:

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

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

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

presented by

(39)

(40)

(41)

The byte number m, giving the sequence number, B, as the physical cluster is written to the disk (see
Figure 19) as per Formula (42):

m=@ux31+r)x3+e
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Byte number N, C from BIS Shift right | Filling in upward direction
block (= mod(r,3))
Columne
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
8 161 16;2 1650 2 StartofbtockTow V=16
30 60,18 60,19 60,20 0
1 0 0,21 0,22 0,23 0 End of block row N = 0 () v
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 n\‘
1 2,23 2,21 2,22 1 End ofblock row N = 2
2 4,1 4,2 4,0 2 Startof block row N = 4
3 6,3 6,4 6,5 0
3 0 0,15 0,16 0,17 IR
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 2516 1
2
5 0 0,9 0,10~ [ 0,11 0
1 2,14 2,12 2,13 1
2
6 0 06 | 07 0,8 0
1 2,11 2,9 2,10 1
2 4,1 4,14 4,12 2
7 0 03 04 0.5 0 T Continuation-ofblockrowN=
1 2,8 2,6 2,7 1 T Continuation of block row N = 2
2 4,10 4,11 4,9 2
7 14,2 14,0 14,1 1 Start of block row N = 14
30 60,21 60,22 60,23 0 End of block row N = 60

Figure 34 — Example of mapping (partial) of BIS bytes into first 8 units
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Byte number N,C from BIS Shift right | Filling in upward direction
block (=mod(r,3))
Columne
Unitu Rowr 0 1 2
8 0 1,0 1,1 1,2 0 Start of block row N = 1
1 3,5 3,3 34 1
2 5,7 58 5,6 2
3 7,9 7,10 7,11 0
5.2 171 172 170 2 Startofblockrow N=17
30 61,18 61,19 61,20
9 0 1,21 1,22 1,23 End of block ms'(v.W =1l
1 0 1,18 1,19 1,20 A\
1] 0 1,15 1,16 1,17 &
12 0 1,12 1,13 1,14 . \P
1] 0 1,9 1,10 1,11 PR%
14 0 1,6 1,7 1,8 NS
1] 0 1,3 1,4 1,5\ 0 T Continuation of blocj row N = 1
1 3,8 3,6 357 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 35— Example of mapping (partial) of BIS bytes into last 8 units
Some ¢onclusions!
— Al infermation bytes of the BIS block are found in the first 15 rows of each address uhit.
— Al] patity bytes of the 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 36).

13.14 ECC cluster

After constructing the LDC cluster and the BIS cluster, the LDC cluster is split into 4 groups of 38
columns each. In between these 4 groups, the 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 36 is reached.
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LDC BIS LDC BIS LDC BIS LDC
38 1 38 1 38 1 38
columns |[column| columns |column| columns |column| columns
«— > «— > «— > «— > «— > «— > «— >
T AF,, AF, AF,,
AF;, AF,, AFs,
AF, AF;, AFg) Address
UCW : : unit 0
T AE, | | AR, | | Y N o
496 AF;, AF,, AFs,
rows AFg AF,, AFg, Address
WIE,,,, : : unit J
J
Fijgure 36 — ECC cluster after multiplexing-0f'BIS cluster with LDC cluster
13.15 Recording frames

Each row of a
bits and for th

For this purp

msbs of the by

The first group of 25 data bits is extended with 20 data bit positions for the insertion of the fram

which is a spe

h ECC cluster is transformed into arecording frame by adding locations for the fram

e dc-control bits.

bse, a stream of 1 240 data bits which is formed by the 155 bytes of each row of t
cluster is divided into 1 group of 25 data bits and 27 groups of 45 data bits (see Figure 37), w

Ftes handled first.

cial sequeneeof 30 modulation/channel bits.

e sync

ne ECC
th the

P sync,

Next, each group of 45 data bits is completed with 1 additional bit position to form a dc-control hlock.
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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 a5 | 45 45
bits bits bits | bits bits
Ffame Data dc Data dc Data dc
sync ! control control control
PO+ 25 1 45 r 0 45 1

dc-control block #0 dc-control block #1  dc-control block #2..26 ~ dc-control plock #27

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

»
>

A

Figure 37 — Composition of recarding frame

13.16 Physical cluster

The 496 rows from an ECC cluster, transformed-into recording frames, form what is called a physical
cluster.

13.17| 17PP modulation for recordable data

13.17J1 General

All the|bits of recording frames.éxcept the frame sync are converted to modulation bits acfording to the
17PP thodulation code. This is an RLL(1,7) code with run-lengths 22T and <8T with and some special
propefties. PP means: parity preserve/prohibit RMTR as follows:

—  Rarity presexve: If the number of ONEs in the data-bit stream is even, then also the number of
ONEs in the modulation-bit stream is even.

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

Thisprepertymakesiteasytocontrotthelowfrequeneyeontentof the recorded

signal efficiently (see 13.17.3).

—  Prohibit RMTR:  The number of consecutive minimum run-lengths (2T) is limited to 6.

Because of the low signal levels on minimum run-lengths, this improves the
read-out performance.

13.17.2Bit conversion rules

The table in Figure 38 defines the conversion rules from data bits to modulation bits. The data bits
shall be processed from the left to the right (msb’s first, see Figure 37). Remaining bits at the end of the
recording frame shall be encoded according to the table for terminating bits.
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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.

Data bits Modulation bits
00000000 010 100 100 100
00001000 000100 100 100
000000 010100 000
000001 010100 100
000010 000100 000
000011 000100 100
0001 000100
0010 010 000
0011 010 100
01 010
10 001
11 000 If preceding modulationbits = xx1
101 If preceding modulation bits = xx0
Data bit pattern Substituting
tp be substituted modulation bits Condition forsubstitution
110111 001 000 000 If nextmodulation bits =010
Terminating Terminating
data bits modulation bits
0000 010100
00 000

Figure 38 — 17PP'modulation code conversion table

13.17.3dc-control procedure

Because a ONE in the modulation-bit stream means a transition in the recorded signal, the pplarity
of this signalfcan be inverted if an odd number of ONEs is added to the modulation-bit stream in a
controlled wdy. Because‘of the parity-preserve property of the 17PP modulation code, this is ppssible
just by insertling additional bits into the data-bit stream and setting these to ONE if an inverfion is
needed.

In this way, theaccumutated DS Vof the Tecorded signat siatt be mmimimized after eacit dc-comtrol block
by setting the dc-control bit at the end of the previous dc-control block to ZERO or ONE (see Figure 37).

13.17.4Frame sync

The physical clusters consist of 16 address units, where each address unit contains 31 recording frames
(see Figure 18 and Figure 37).

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
(2 times run-length 9T).

The last 6 bits define a signature that identifies 1 of 7 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.
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If the last data bits preceding the frame sync have been coded according to the termination table
(see Figure 38), then the first modulation bit of the frame sync # = ONE, else # = ZERO (see Figure 39).

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).

Becau
by the
The m
preced
frame

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 010000 000 010 000 000 010 101 000
FS3 #01 010000 000 010 000 000 010 100 001
FS4 #01 010000 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 010090

Figure 39 — 30-bit frame-sync codes

be 7 different frame syncs are insufficient to identify 31 re€erding frames, each fran
combination of its own frame sync and the frame sync of one of the preceding reca
hpping of these combinations can be made such that even with missing frame syn
ing frames, a recording frame can still be identified by its own frame sync and th

sync (see Figure 40).

e is identified
rding frames.
csinl, 2 or3
e last present

Rec. frame n-4 | Rec.framen-3 | Rec framen-2 | Rec.framen-1 | Rec.frainen

Recording frame n can be identified from the frame sync IDs of:
Recording frame n +¥ecording frame n-1
Recording frame r'+ recording frame n-2
Recording frame n + recording frame n-3
Recording franie n + recording frame n-4

The fiy
The ot

Figure 40 — Identification of recording frames

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

her frame‘syncs are mapped as specified in Figure 41.
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13.18 Modu

Frame number [ Framesync | Frame number | Frame sync

0 FSO

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

[lation and NRZI conversion

Figure 41 — Mapping of frame-sync codes on recording frames

Before being[recorded onto the disk, data bits are converted to modulation bits that, in turn, are
converted to NRZI channel bits according to the followilig process (see Figure 42).

Data Modulation NRZI converted

bits bits Ex-OR channel bits

———» Modulator > NRZ . >/_|__\ >
conyersion
1T
T =1 channel clock period delay
Example of data bit pattern: 0 1 1 10 01

Modulation bit pattern: 0 1 0{0 1 0/0 0 1|0 1 0|0

NRZ converted signal: |_|

[ LT

NRZI converted signal:

Figure 42 — 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. The run-in and run-out offer sufficient buffering for facilitating
fully random write/overwrite.

62
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RUBs can be written one by one or in a continuous sequence of several RUBs (write_streaming).

In the rewritable 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 as
the nominal situation.

14.2 Recording-unit block (RUB)

14.2.1 General

0o 4.0

Each RUB-conststsofadataran-in—o 60-cbs{romiaty 46w ertods}aphysjcal cluster of
496 x [1 932 cbs (nominally 496 x 28 wobble periods) and a data run-out of 1 104 ¢bs-[nominally 16
wobbleg periods) (see Figure 43).

Run-in Physical cluster [ Run-out | Guard_3

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

Figure 43 — Layout of single written recording-unit block (RUB)

Each dingle written RUB or each continuously written sequence of RUBs shall be terjminated by a
Guard| 3 field, ensuring that no gaps (unrecorded areas)‘ever occur between any 2 R/Bs shown as

Figure 44.
Such a|Guard_3 field shall consist of 540 cbs (nominally * 8 wobble periods).

Rurl-in | Physical cluster | Run-out Run:in ~ [ Physical cluster | : [ Physical cluster | Run-opt | Guard_3

<40 Wbs— [ <496 x 28 wbs— | <16 wbs— }«-40 wbs— | <496 x 28 wbs—| : |[«496 x 28 wbs—|<«16 whis— | <8 wbs—

Higure 44 — Layout of continuously written sequence of recording-unit blockg (RUBs)

With the above choices,\an SPS (see 14.3.2) of about maximum +2 wobbles and a start pos]tion accuracy
of abolit +0,5 wobble, random writing /overwriting leads to an overlap of between 3 and 18 wobbles and
a minimum length of non-overlapped data run-in of about 27 wobbles (minimum =1 recording frame).

14.2.2| Datarun-in

14.2.24+—6General

The data run-in consists of the following parts:

— Guard_1: 1 080 channel bits;
— PrA (pre-amble): 1 680 channel bits.
The PrA field is meant as a run-in for the signal processing (for locking and synchronization).

The Guard_1 field is meant to cope with the overlaps due to the SPS and inaccuracies in determining the
start location of recording sequences (see Figure 45).
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Guard_1 PrA

1 080 cbs 1 680 cbs
Optional APC | Repeated bit pattern Nominal
~ 5 wobbles ~ 11 wobbles ~ 24 wobbles

Figure 45 — Layout of data run-in

14.2.2.2 Content of Guard_1 fields

The Guard_1

The content r

These pattery]

electronic cir

14.2.2.3 Aut

The first 5 wd
an automatid

1eld has a length of 1 Oc0 channel bits.
ppresented in modulation bits is: 36 times repeated 01[04]1[0%]1[02]1[02]1[05]1]0°]

sresult in a repeated 5T/5T/3T/3T/7T/7T sequence, which is well-suited to re-set
Cuits.

pmatic power control (APC)

bbles of the Guard_1 field at the start of a recording sequence)can be used for perfc

tle the

rming

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

procedure cah be chosen freely by the recorder manufacturer and is\allowed to be different from the
repeated pattern as defined in 14.2.2.2.
14.2.2.4 Content of PrA fields
The PrA field has a length of 1 680 channel bits.
The content of the PrA field shall be shown as Figure 46.
52 timles repeated 01[0¢]1[0*]1[0?]1[0%]1[0°]1 .
01[04]1[04]1[02]1[02]1[06]1[05] Sync_1 (0511 [04]10°] Sync_2 | 01[02%]1[02%]1[0¢]1[05]
«——1p60cbs———— | «30chs>y"| «—40cbs——— | <30 cbs— «—20 cbs——
Figure 46 — Layout of PraA field

In general, Syjnc_1 shall be\FS{mod[(N+4),7]} and Sync_2 shall be FS{mod[(N+6),7]}, if the first|/frame
sync after the PrA is ES(N) (N = 0..6, see 13.17.4).
This means that Syne_1 shall be FS4 and Sync_2 shall be FS6 (the first frame sync after the PrA is FS0).
The first bit of eéach of Sync_1, Sync_2 and the first frame sync after the PrA is allowed to be used|for dc-

control (# =2

14.2.3 Data

DO o OND I

3 200
WO UT " UIVL, SCUTISUT T O 77+

run-out

14.2.3.1 General

The data run-

PoA (pos
Guard_2:

The PoA field

64

out consists of the following parts as shown in Figure 47:

t-amble): 564 channel bits;
540 channel bits.
is meant as a run-out for the signal processing.
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The Guard_2 field is meant to cope with overlaps due to the SPS and inaccuracies in determining the
start location of recording sequences.

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

Figure 47 — Layout of data run-out

14.2.3{2 Content of PoA fields
The PqA field has a length of 564 channel bits.

The content of the PoA field shall be as shown in Figure 48.

Sync.3 | OL[O°ILIOPILIOPILIOPILIPHIOTN | o1 o oatalort o 106l fo°

< 30cbs— | «——54ccbs 480 cbs———1+——

v

Figure 48 — Layout of PoA field

In genpral, Sync_3 shall be chosen such that it corrésponds to a frame number n+1, if the user data
before|the PoA ends with frame number n (see 13.174).

This njeans that Sync_3 shall be FSO0.
The figst bit of the Sync_3 patterns shall be¢/used as defined in 13.17.4.

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

14.2.3.3 Content of Guard_2fields
The Guard_2 field has a length of 540 channel bits.

The content represented in modulation bits is: 18 times repeated 01[04]1[04]1[02]1[02%] 1[p®]1[05].

14.2.4 Guard-3field

14.2.41.1 General

Guard_3

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

Figure 49 — Layout of Guard_3 field

The Guard_3 field has a length of 540 channel bits (see Figure 49).

The content represented in modulation bits is: 18 times repeated 01[04]1[04]1[02]1[02%] 1[06]1[05].
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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.

14.3 Locating data relative to wobble addresses

14.3.1 General

The nominal

+ + ) £ 1 ya B 1 _DIln — £ l
Ldl't PUSILIUILS 1O TCLUTUIIIES (d5 WCEIL SIITZIC RUDS d5 CUIILIITUOUS STYUUCIILES Ul jevera

RUBs) are the|locations of the middle of the wobble in NWL 25 in the reference unit between the:fync_3

unit and the flrst Data_x unit of the ADIP words with a PAA of which bits AA1, AAO = 00 (see 15.7).

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

14.3.2 Startjposition shift (SPS)

To avoid excefsive wear of the disk, the start of the writing of each recording sequence (one of more
RUBs) shall bg shifted from its nominal start position by a random numbéer of channel bits, Tgpg]called
the start-posifion shift (-128 cbs < Tgpg < +127 cbs) (see Figure 50).

NWL 25
"‘u\
Nominal
start
position
340" 434
€bs cbs
Accuracy
128 cbs range +127 cbs g
LS T, . g
SPS
-2,35wbs +2,33wbs
- Recording start position range >
(@ Run-out | Run-in
Example of Tsps + Inaccuracy ~ 458 cbs

ovaruwcibing
oV TCT

5 T

Run.in

Tsps + Inaccuracy = -80 cbs

Figure 50 — Nominal start position for data recording

Figure 51, Figure 52 and Figure 53 show examples how newly written RUBs overlap with previously

written RUBs.
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At the start of the newly written RUB, the run-in of the newly written RUB overwrites a part of the run-
out/Guard_3 of the preceding RUB (if this had been written already before).

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

In all cases, sufficient run-in/run-out is left over for recapturing of the detection electronics at random
access.

Sync_3 unit, |, _ Refe_rence unit ol _ 1st Data_x uPit ol ; 2nd Data_x ur_lit .
L. NWL 25 UNWLO9 NWL 37 NWL9 NWL 37
| 25,5 wbg
| , 9,5 whg

(lileuc}gn{(e-%}% Run-out |Guard_3
[ ]
. Cluster k Cluster k Cluster k
Run-in Rec.frame 1 Rec.frame 2 Rec.frame3
Tsps at»
> -128cbs [< +127 cbs
Nom|nal start position ___#
for writing ( 34 cbs)
NOTE Tgps + inaccuracy of previous encoding = 0 and Tgpg + inaccuraey of new recording = 0.
Figure 51 — Example of nominal start position for data recording
Synd_ 3 Unis_ _ Reference unit . 1st"Data_x unit . 21d Data_x unit _
NWL 25 NWL9 NWL 37 LINWL9 INWL 37
25,5 WbE
! , 9,5 wbs
| leucsgsgni{e_}l% Run-out, | Guard_3 ]
. |
Cluster k Cluster k
Run-in ﬁleucsfrearn{(e 1 Relizs.ﬁ?arme 2 Rtg:?fregme 3
Nominal start position
for writing
NOTE Tqpg + inaccuracy-of previous recording = +161 and Tgpg + inaccuracy of new recording|= -162.
Figure 52 — Example of data recording with maximum overlap
Sync)3 unit | ¢ Reference unit e 15t Data_x unit ol < 2" Data_x unit o
i i i
Il Il [ [ |
Y25 5 whs T NWL25 T NWL9 S NwL 37 SNWL9 S NwL 3
' — 9,5 whbs
Quster Kchog | Run-out| guara3
. Cluster k Cluster k Cluster k
Run-in Rec.frame 1 Rec.frame 2 Rec.frame 3

Nominal start position t
for writing

NOTE

Tgps + inaccuracy of previous recording = =162 and Tgpg + inaccuracy of new recording = +161.

Figure 53 — Example of data recording with minimum overlap
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15 Track format

15.1 General
A track is formed by a 360° turn of a continuous spiral.

Each recording layer shall have the same basic tracks at about the same locations (see Figure 54).
15.2 Track shape

15.2.1 General

The zone betyeen radius r; = 21,0 mm and radius r3 = 22,2 mm is reserved to be used for the B(A (see
Clause 35). In|this zone, there shall be tracks formed by a single spiral groove whose inneredge shall be

at the radius 21,0_%’2 mm.

On layer LO, h transition from a straight groove to an HFM groove between the .BCA zone apd the
embossed HFM area shall occur between radius r, = 22,0 mm and radius r; (see-'Figure 54).

At the transit]on, the spiral groove shall be uninterrupted.

The tracks in|the BCA zone shall be straight groove (without any modulation) between radius |r; and
the inner edgp of the HFM groove on layer LO or the inner edge of the wobbled groove on other{layers
(see Clause 1§).

Inner zone n . Data zone n
' BCA Embossed HFM area Rewritable area
o B | [N S——
Layer LO- A -
Straight HFM Wobbled groove Trackin
. ‘gralg groove groove g directioi
::,’ 2 >
)i '3
Layer L] i e T T
Straight groove Wobbled groove Tracking
i S‘ direction
| — E— e
Layer LZ:—W ]
Straightgroove Wobbled gr(c)Iove Tracking
S DZI direction
Connection Connection
area area

Figure 54 — Connection areas between different groove types
In the embossed HFM area of layer LO (see Clause 17), the tracks are formed by a single spiral groove
continuing uninterruptedly from the end of the straight groove in the BCA zone.

The groove tracks in the embossed HFM areas deviate with a rather high frequency in the radial
direction around the nominal centrelines, providing a high bit rate/high capacity data channel for the
storage of replicated information (HFM grooves).

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

In the rewritable areas (see Clause 16), the tracks are formed by a single spiral groove, starting from
the end of the embossed HFM area on layer LO or from the end of the straight-groove area on layer L2.
On layer L1, they end at the beginning of the straight-groove area. These groove tracks in the rewritable
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areas deviate mainly sinusoidally and monotonically in the radial direction from their nominal
centrelines and are called wobbled grooves. The sinusoidal deviation is modulated by replacing some of
its cycles with different signal patterns at certain locations.

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

NOTE Although the term "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 that of "groove"
in this document.

connaction hotvwonn tha ambhocend HEM arnn and tha racnrd o ~van tha cnival o
At the eonnectionbetween-the-embossed- HEMareaand-the recordableareathespiralgroove shall be
uninterrupted. Between the HFM groove and the wobbled groove with ADIP information)it may form a
groove-only part (without any modulation) of maximum 1 mm length in the tangential djrection along
the trgck.

15.2.2] Groove geometry
On eadh layer, only “on-groove recording” is allowed.

For “o-groove recording”, a geometry is used where the grooves @rg nearer to the entrapce surface of
the digk than the lands. The outline of the groove geometry is presented in Figure 55.

Groove

/ \ Substrate

Transmission stack

Read-out
beam

On-groove recording

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

| FNA N

15-3 | rabl\ pdatil

On layers with an even layer number, the spiral shall run from the inner side of the disk towards the
outer side of the disk when the disk rotates according to the specification in 9.8.

On layer(s) with an odd layer number, the spiral shall run from the outer side of the disk towards the
inner side of the disk when the disk rotates according to the specification in 9.8.

The tracks on layers with an even layer number, n shall start at the beginning of inner zone n and
terminate at the end of the outer zone n and shall be continuous in the information zone. The tracks on
the layer with an odd layer(s) number, n shall start at the beginning of the outer zone n and terminate at
the end of the inner zone n and be continuous in the information zone (see Figure 14).
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15.4 Track pitch

15.4.1 Track pitch in BCA zone

The track pitch (TP) in BCA zone is the distance between the average centrelines of a groove in adjacent
tracks, measured in radial direction.

The TP shall be (2,0 £ 0,1) um.

In the area between r, and r3, the TP shall change over from 2,0 pm to match 0,35 um in the embossed
HFM area on layer LO or to 0,32 pum in the wobbled groove area on other layers.

15.4.2 Track pitch in embossed HFM areas

1

The TP in e
adjacent tracK

The TP shall
The TP averag

15.4.3 Trach

The TP in re
adjacent trach

The TP shall k

The TP averag

15.4.4 Track pitch between embossed HFM area‘and rewritable area

The change in
(revolutions),

15.5 Track]

15.5.1 Gene

In this clause

defined in Clajuse 18.

The datain H
2 data frame

ossed HFM area is the distance between the average centrelines of an HFEM gra
s, measured in radial direction.

e (0,350 £ 0,010) pm.
red over the embossed HFM areas shall be (0,350 + 0,003) pm.

 pitch in rewritable areas

vritable area is the distance between the average centrelines of a wobbled grg
s, measured in radial direction.

e (0,320 £ 0,010) pm.

red over the rewritable areas shall be (0,320+ 0,003) pm.

TP from 0,35 pm to 0,32 um (ontayer LO) shall be realized within maximally 100
which tracks shall be located ¢ompletely in protection zone 2 (see Figure 87).

ayout of HFM groovés
ral

only the enteding format of the data is described. The locations and their contg

M grooves is recorded in 4K partitions, called PIC clusters. Each such PIC cluster cg
, each’ with 2 048 bytes of data. The error correction mechanisms used to prote

data and the proecedures used to build up fully formatted partitions are very similar to those deg

in Clause 13.

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

ove in

ove in

tracks

nt are

ntains
ct this
cribed

For detailed descriptions of the related processing steps and applied codes, reference is made to the

descriptions i

70

n Clause 13.
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15.5.2

15.5.2
Each d

15.5.2

Each d
of the

15.5.2

Each 2
and in

15.5.2

The n¢
13.6 a
proces

Sync
1 byte 10 bytes 1 byte 9 bytes
T DO --------- Dg BO D10 ------- D18 T
Dig ... Dyg B, | PP :
________ Datastream | : | | 216data
248 rows > > :
on disk :
_____________________________ T
71\
32 parities
v B4z v Dyg1g

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

Data format

.1 Data frame

ata frame is extended with a 4-byte error-detection code (EDC) as described in 13,

.2 Scrambled data frame

ata frame with its EDC is scrambled a¢cording to the procedure described in 13.4.
scrambler, AUN; s .. AUN; (see 15.5:3¢2 and 13.9.2.2) shall be used instead of PSyg ..

.3 Data block

scrambled data frames are mapped into an array of 216 rows x 19 columns as des
licated in Figure 23 (only columns 0..18).

.4 LDC block

bxt 32 rows.with error correction parities are added according to the procedurs
hd 13.7,(with the difference being that there are only 19 columns (L = 0..18). The
sing.isia*matrix of 248 rows x 19 columns.

For the preset
Ss.

Cribed in 13.5

described in
result of this

15.5.2

._5 Interleaving
= a2 trl)

The interleaving procedure is different from the one described in 13.8.

Only the second interleaving step described in 13.8.3 is applied, where each successive row is shifted
one more byte position to the left [shift = mod(k,19), in which k is the row number, 0 < k < 247]. The bytes
that shift out at the left side are re-entered in the array from the right side (see Figure 57).

©150/1

EC 2021 - All rights reserved

71


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

<« 19 bytes -

< shift 0 €0,0 €1 |- €018 T
< shift1 €1 €1y |- €118 €1

<« shift 2 €5, €3 |- | €518 €0 €1
« shift 18 €1g1s | €180 |- €117 248
< shift 0 €190 €191 |- €1913 | Tows

« shjift mod (k,19)
< shift 18 P246,18 | P2aso |- P246,17
= shift 0 P2470 | Praz1 |- P247,18 ‘L

Figure 57 — Interleaving of PIC LDC block

After this profcess, the bytes are renumbered in the horizontal direction‘thtrough all the rows regulting
in the numbering D, to D, 714 as indicated in Figure 56.

15.5.3 Addressing and control data

15.5.3.1 General

Unlike the format in rewritable areas of the disk, a BIS\block is composed of 4 BIS code words and filled
up with 8 addfresses of 9 bytes each in 18 rows and 2 user control data units of 24 bytes each in 1P rows

(see Figure 58).
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15.5.3

Comp4g
by ong

< 4 columns >
0 1 2 3
T 0 AF,, AF,, AF,, AF,, T
1 AFg, AFy - AFg AF,
2 AF, , AF,, AF, , AF, ,
3 AF, AF,, AF, AF, ¢
4 AF,, AF, AF, AF, .
5 AF, ¢ AF, . AF, , AF, ,
6 AF; . AF,;, AF; 4 AF;
7 AF; . AF; AF; AF,,
8 AF,, : : AF, 4 18 rpws
9 AF,, : : addr¢sses
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,
17 AFg, AF, ., AFgs AFg . {
18 UCoo UCyz0 UCoa UCs21
19 UCy 0 UCya9 UC; 4 UCy34 12 rpws
: : : N : : user cpntrol
28 UCi00 UCppp | UCygy UCz2 data
29 UCi10 UGz’ UCy1a UCz3, T
30 Pbsog Bb304 Pbsoz Pbso3
31 Pbzio Pbs1q Pbs;, Pbs; 3 32 ;}EWS
: : : : : parities
{ 61 Pbergl Pbaig Pbey. Pbeia | i
Codeword | Code word | Code word | Code word |
0 1 2 3

.2 Address fields

Figure 58 — PIC BIS block

rable to the rewritable areas of the disk, where each 1/16 of a 64K cluster (=4K bytef) is identified
address unit number (see 13.9.2), each 4K PIC cluster shall be identified by ong

address-unit

number. These address-unit numbers shall increase by 2 for each successive 4K PIC cluster.

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

© ISO/IEC 2021 - All rights reserved

AF, ¢=PAF ¢ (all the same for =0 ..7);
AF, ¢=PAF ¢ (all the same for S=0..7);

AF, ¢ = all bits inversion in PAF, ¢ (all the same for §=0..7);

AF; ¢ = all bits inversion in PAF; ¢ (all the same for $=0..7);
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AF, s=PAF, g

flag bits:

bits b; to b;: reserved;

bits b, to b: set to the binary value of S;
AFS,S = all bits inversion in PAFSJS;

AF¢ ¢ = all bits inversion in PAF g;

— AF7,S = PAF 7,5;
—  PAFs .. PAFg ¢ = parity bytes for forming an (9,5,5) RS code over the address field;
The parity byjtes of PAFs ¢ .. PAFg ¢ in the primary address fields shall be calculated according|to the
descriptions given in 13.9.2.
The 8 addresges 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, sfarting
with byte 0 of address 0 in row 0, column 0 and each successive address being shifted cyclically | more
position to the left (see Figure 58).
The bytes of hddresses 4 to 7 are placed in a diagonal direction in the odd numbered rows, starting
with byte 0 ¢f address 4 in row 1, column 0 and eachsugcessive address shifted cyclically 1 more
position to thg left.
Mathematicallly, this mapping of the address bytes into the PIC BIS cluster can be represented by
Formula (43):
Byte AF, , shdll be allocated in:
row: | r=2 xx+div(y4);
(4) (43)
colunn: ¢ = mod|[(x + 8 - y),4]

15.5.3.3 User control data
There are 2 uhits of uset’eontrol data, each consisting of 24 bytes. Bytes 0 to 11 of the first unit shall be
placed in column 0, rows 18 to 29 of the PIC BIS block and bytes 12 to 23 in column 1, rows 18 tg 29. In
the same way] bytes'0 to 11 of the second unit shall be placed in column 2 and bytes 12 to 23 in dolumn
3 (see Figure b8) All bytes of both user control data units shall be reserved.

15.5.3.4 BIS

code words

The PIC BIS block is completed by adding 32 rows with parity bytes (see Figure 58) according to the
procedure described in 13.11 and 13.12, with the difference that there are only 4 columns (c = 0..3). The
result is now a matrix of 62 rows x 4 columns.

15.5.3.5 BIS

cluster

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

Bytes B, to B;,3 are filled by successively copying bytes from the even rows by going through the BIS
block cyclically in a diagonal direction starting from row 0, column 0 (see Figure 59).

74
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Bytes B, to B, are filled by successively copying bytes from the odd rows by going through the BIS
block cyclically in a diagonal direction starting from row 1, column 0.

Mathematically, the mapping of the bytes from the PIC BIS block into the PIC BIS cluster can be
represented by Formulae (44) to (46):

Letbyte 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 i,62) + div(i,124); (44)
¢ =mod(i,4); (45)
and|vice versa i=124 x mod(r,2) + div(,2) + 31 x mod{[4—c + div(r,2)],4}. (46)
As argsult of this interleaving, the one-column 248-byte BIS cluster is divided into 8groups of 31 bytes,
where|each 31-byte group is composed of 9 address bytes, 6 UC data bytes{band 16 parity bytes in
succession. The address bytes, due to the pre-interleaving, appear in the conrect order for|direct access.
BIS block BIS cluster
i c=0 1 2 3 < 1 byte >
r=0 0 93 62 31 B, T
1 124 217 186 155 :
2 32 1 94 63
3 156 125 218 187
4 33 2 95 :
5 157 126 219 = B;
6 34 03 :
7 158 127
8 4 35
9 128 159
10 P :
11 129 Bias 248
12 6 Bioa rows
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 B,,, \

Figure 59 — Reading order for constructing PIC BIS cluster
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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.

15.5.4.2 Modulation

The 168 bits

nf each Pﬂ“rprnrding frame except some of the bits of the synchronization patte

n, are

converted int
a bit with val
is represente
The modulate
as indicated i
channel bit in

Averag
groovs
centrsg

15.5.4.3 Fra

Each recordir
are replaced

(see Figure 61

b modulation bits by applying a biphase modulation method. In this modulationiuj
e ZERO is represented by transitions at the start of the bit cell and a bit withwvaly
l by a transition at the start and in the middle of the bit cell (see example.in Figu
d bits are recorded on the disk by a deviation of the groove from its average cent
1 Figure 60. The length of each bit cell shall be 36T, where T corresponds.to the leng
the rewritable areas.

Example of data bit stream

.

[¢’)

36T 36T

Figure 60 — Biphase;modulated HFM groove

me sync

g frame starts with a synchronization pattern equivalent to 8 data bits. The first
by 4-bit cells with @ special pattern that violates the normal biphase encoding
: two possible patterns depending on the initial phase).

ethod,
e ONE

re 60).
relines

th of a

4 bits
F rules
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P Sync pattern -
Data Sync body Sync identification Data
—> |« > | < > | «—
- - - ID ID1 ID2 Parity
0 1 1 1 1 x 1 x In] X 1
0 1 1 1 I x 1 x 1 |x 1

Seven fifferent sync patterns are identified by the last 4 bits: ID, .. ID, and a parity bit (sq

By mefans ‘of the PIC BIS column, the 248 rows of a PIC cluster can be divided into ei

Figure 61 — Biphase synchrenization pattern

Sync number

D,

1D,

ID,

Parity

FSO

0

FS1

FS2

FS3

FS4

FS5

FS6

=l Ll Ll K= K=1 k=2 k=]

=l E=2 E=2 Ll Ll E=2 k=]

(=) Lol Kool )l o)l ) Nen)

QIO |||+

Figure 62 — Sync identification

ISO/IEC 30193:2021(E)

e Figure 62).

ht groups of

31 redordinhg frames, where each group of recording frames carries an address in it§ first 9 rows

(see 15.5.3.5).

The 31 successive recording frames of each such group are identified by a special sequence of the sync

patterns (see also 13.17.4). The first recording frame of each group has the unique sync pattern FSO.

The other sync patterns are mapped as specified in Figure 63.

© ISO/IEC 2021 - All rights reserved
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Frame number | Sync number || Frame number | Sync number

0 FSO

1 FS1 16 FS5
2 FS2 17 FS3
3 FS3 18 FS2
4 FS3 19 FS2
5 FS1 20 FS5
6 FS4 21 FS6
7 FS1 22 FS5
8 FS5 23 FS1
9 FS5 24 FS1
10 FS4 25 FS6
11 FS3 26 FS2
12 FS4 27 FS6
13 FS6 28 FS4
14 FS6 29 FS4
15 FS3 30 ES2

Figure 63 — Mapping of sync patterns on PIC recording frames

15.6 Track layout of wobbled grooves

15.6.1 Genefal
The wobble of the tracks is a more or less sinusoidaldéviation from their average centre lines.

The nominal wobble length (NWL) (equivalent-to' 69 channel bits) shall be 3,855 3 pm * 0,005 pum for a
disk with a uder data capacity of 33,4 Gbyte.per layer, averaged over the rewritable areas.

This correspgnds to a fundamental frequency f,,, = 1 913,043 kHz at the 2 times reference velodity.
15.6.2 Modylation of wobbles

15.6.2.1 General

The basic shape of the-wobbles is a cosine wave: cos(2m x f,,.,, x t). The wobbles with this basid shape
are called mohotong'webbles (MW).

Some wobble$ ate,modulated, and 2 modulation methods shall be used simultaneously as follows:

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

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

In the protection zone 3 area in the outer zone(s) (see Clause 17 and 20.10), the groove shall be modulated
by MSK-cos only and not by HMW. Both modulation methods shall represent ADIP information as
defined in 15.7.

15.6.2.2 MSK-cos modulation

MSK-cos modulation is applied by replacing three consecutive MWs by one MSK mark (MM). An MM
consists of three NWLs with the following wobble patterns as indicated in Figure 64:

— the first NWL starts the MM with a cosine wobble with a frequency = 1,5 x f, . ..;
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— the second NWL continues the MM with a cosine wobble with a frequency = f,,,,,;

— the third NWL terminates the MM with a cosine wobble with a frequency = 1,5 x f, .,

Wobble:
-COS(2T X fip * £)
552{)%?; Wobble: Wobble:
\ +cos(2m x (1,5 x f,, ., )x t) -cos(2m x (1,5 x f,., )x t)
Inner side v v
of disk «— | | »
A

NN AN

4
)\

Outprside |[€——>|¢——>|< > s> >

of djisk '\'\ MSK mark (MM) /'/'

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

Figure 64 — Definition of MSK mark (on groove)

15.6.2.3 HMW modulation

HMW modulation is applied by replacing a number"of consecutive MWs with the same nfimber of saw-
tooth yobbles (STW). An STW is formed by ceofiibining the basic cosine with a sine wave ¢f the doubled

frequency as per Formula (47):
COF(21 x f,op X t) £ a x SIn[21 x (2 x4y ,) * t] (47)

where|a = 0,25.

Such 4 combination of a cosine with the fundamental frequency and a certain amoynt of second
harmdnic represents a first-order approximation of a saw-tooth wave. The “+” or “~” sign creates a left
or right inclination, where the “+” sign is used to represent a bit value ONE and the “-” dign is used to

represent a bit value ZERO (see Figure 65).
+CQS(2T x f, ot ) +axsin[2m x(2 x f,, ) x t] +CoS(2T X fi,op X t ) - a x sin[21 x(2 x|f,,,) % t]

vV

ONE v v ONE ZERO <« LERO

Inner side «— p|le—"E » -«

N/ \ [

Outer side
<> >

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

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

When push-pull polarity (see 26.1) is negative, then the wobble groove shall start its first wobble
deviation towards the outer side of the disk.

When push-pull polarity (see 26.1) is positive, then the wobble groove shall start its first wobble
deviation towards inner side of the disk.

15.7 ADIP information

15.7.1 General

The data to 4
is derived frg
correspond t

(see Figure 66

e recorded onto the disk shall be aligned with the ADIP addresses. The AD]P a
m ADIP symbols modulated in the wobble (see Figure 70). Therefore, 56 NWL
2 recording frames (see 13.15). Each group of such 56 NWLs is called-an AD

).

ddress
5 shall
P unit

2 recording frames
<———1932 channel bits > | < 1 932 chanwnel bits —
Sync Data Sync Data
=95 e
wobbles wobb]es
1 ADIP unit
< 56 NWLs >
Figure 66 — General ADIP structure
15.7.2 ADIP|unit types

By inserting
different type

The ADIP unif
Furthermore,

The following

Monoton

s of ADIP units can be‘created.
s representing a‘data bit are additionally modulated with STWs.
a referencesSTW unit is defined. Each type of ADIP unit starts with an MM.

types of ADIP units are defined (see Figure 67):

b Unit: consisting of one MM followed by 53 MWs;

MMs into the 56 NWLs of an ADIP unit with unique distances between adjacent

MMs,

80

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

Data_x unit: with x representing ONE or ZERO:

Sync_0 unit: consisting of one MM followed by 13 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_1 unit: consisting of one MM followed by 9 MWs, one MM, three MWs, 37 STWs and one MW;
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— Data_0 unit: consisting of one MM followed by 11 MWs, one MM, one MW, 37 STWs and one MW.

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

NWL numberO.. .. 3.. 18 w55
Monotone unit N | EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
Reference unit [ | [ T T NANRARRANNANNNNANARNNNRANANNNNANNARNNNN

Sync_0 unit W [ HEEEEE BEEEEEEEEEEEEEEEEEEEEEEEEE
Im||IIII-IIIIIIIIIIIIIIIIIIIIIII
I

|
|
[
Sync_1unit I T]
1 O e e e e e e e e [
|
|
|

Synp=2-umit L m
Synf_3 unit N HEEEEE HSEEEEEE BEEEEEEEEENSNNEEEEEN
[ NNANRRRRRRRRRRRRRRRRRRRRRARNKRRRRRRRRN

Datd_0 unit I |
Datg_1 unit [ N [N 1 T (1NN ANANANAAAANANAAANTAANAANAAAAANA

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

Figure 67 — ADIP unit types

15.7.3] ADIP word structure

83 ADI[P units are grouped into one ADIP word, each. This means that 3 ADIP words ¢orrespond to
3 x 83|x 2 =498 recording frames, which is equivalent to one RUB (see 14.2).

Each ADIP word shall be constructed as indicated in Figure 68.
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. . ADIP nibble ADIP code word
ADIP unit number ADIP unit type bit number hibble number

0 Monotone -

1 Sync_0

2 Monotone -

3 Sync_1 -

4 Monotone

5 Sync_2 -

[2) Maonaotaone oo

7 Sync_3

8 Reference ---

9 Data_x bs

10 Data_x b,

11 Data_x b, €o

12 Data_x by

13 Reference

14 Data_x b,

15 Data_x b, .

16 Data_x b, !

17 Data_x be

18 Reference - -
8+ix5 Reference - -
9+ix5 Data_x by
10+ix5 Data_x b, .
11+ix5 Data_x b, b
12+ix5 Data_x by

78 Reference

79 Data_x b,

80 Data_x b,

81 Data_x b, C14

82 Data_x bg

Figure 68 — ADIP word structure

15.7.4 ADIP data structure

15.7.4.1 General

Each ADIP word contains in a total of 60 bits, which forms a code word, according to a non-systematic
RS error-correction code. This code word is constructed from 36 information bits. Before encoding the
information, the 36 information bits are ordered into nine 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 AA0 [
ng AX11 T

: : : 3 nibbles Aux data
ng AX3 AX0 |4

Figure 69 — ADIP information structure

The nibbles n, to ng are transcoded to nibbles ¢, to c;, by the error correction system (see 15.7.5).
Becauge the error correction system is non-systematic, there is no simple direct relatiorjship between
the bitls in the information array and the coded bits in the ADIP unit.

15.7.4.2 ADIP information bit assignments
The information contained in the ADIP data bits shall be as folloWws:

— AY423..AS0: These 24 bits shall contain the physical ADIP-symbol (PAS). AS23 shall b¢ the msb and
AS§0 shall be the Isb. These symbols are converted from the physical ADIP address (PAA) as follows
(s¢e Figure 70 and Figure 71).

Set to
layer number EC')% 501 10
Sequential number co 1seéutive1y

—
MSB
Al ARlARAl | | A
Physifal ADIP address ‘26, 5121212 1
4 3(2[1]0 6
1
Physical ADIP symbol Yy
sisils| | | s
If AR22 is equal to*AA21, then 2121212 1
312|110 6
R
il g tto 11
- sisilst | sl I q9H
If AA22 is not equal to AA21, then SBBB 1 1 2 5 SR
3(2[1|0 6 5 _/

-

Figure 70 — Relation between PAA and PAS
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Layer structure

[AA22, AA21] in
Physical ADIP
address (PAA)

LO L1 L2
Inner Outerj Outer Innerj Inner Outer
PAA=0200000h PAA=0A0 00 00h
[0,0] PAA = 0 5F FF FEh [0,0]

[0,1]

[11]

[0,1]

[1,0]

Figure 71 — Combination of AA22 and AA21

AA24 . A
AAO shal

AA?Y
011

AA2
afte

AAl
wor

The first add
zone, which is
layer LO (LAA

The first addy
The last addr

The first addy
The last addre

AX11 .. 4

In {

In {

AQ: These 25 bits shall contain the physical ADIP address (PAA). AA24 shall be the m
be the Isb. This address shall consist of three parts (see Figure 71 and Figuré72) as fi

4 ..AA22: These 3 bits shall indicate the layer number and shall be setto: 000, 001,
on layer L0, layer L1, layer L2 and layer L3, respectively. All other settings shall be reg

1..AA2: These 20 bits shall contain a sequential number, which shall increase
 each 3 consecutive ADIP words (synchronized to the RUBs;.see 14.2);

, AAO: These 2 bits shall be set to 00, 01 and 10 gonsecutively in 3 successiv
ds corresponding to one RUB. The setting 11 shall not be used.

Fess in the information zone on layer LO shall bé such that the first address in th
PAA 0 02 00 00h, is located at radius 24,0_%’2 mm . The last address of the data z

) shall be located at a radius <58,1 mm,

ess of the data zone on layer L1 (FAA)shall be located at a radius <58,1 mm.

ess of the data zone on layer L2 (0 82 00 00h) shall be located at a radius 24,0_8’2 1
ss of the data zone qn layer L2 (LAA + 0 80 00 00h) shall be located at a radius <58

\X0: These 12 bits contain auxiliary information about the disk;
he data zane(s) and outer zone(s) of the disk, the auxiliary bits shall be set to ZERO

he infier zone(s) of the disk, the auxiliary bits shall be used as follows:

sb and
bllows:

10 and
erved;

by one

e ADIP

e data
pne on

ss of the data zone on layer L1 (0 7D FF FEh) shall be located at a radius 24,0_%’2 mm.

nm .

1 mm.

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

ne

ADIP aux frame with 144 bytes;

The first bits of each ADIP aux frame shall be located in an ADIP word with a PAA
is a multiple of 128 (PAA = x xxxx xxxX xxxX xxxx X000 0000);

The content of the 144 bytes are defined in 15.7.

15.7.4.3 Relation between physical ADIP addresses on layers from layer LO to layer L2

which

There shall be a fixed relation between the PAAs on layers from layer LO to layer L2. The PAAs on layer
LO (or layer L2) and layer L1 that are located at the same radius (having the same distance in number of
ADIP words from their respective inner zone) shall have inverted bits AA21 to AA2. The PAAs on layer
L0 and layer L2 that are located at the same radius shall have the same bits AA21 to AA2 (see Figure 72).

84
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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 AA21..AA2 of PAA; have the same
relation with the radius as the equivalent non-inverted bits on layer LO (or layer L2).

Layer number Sequence number Intra-RUB number
PAA,on Layer LO | AA24. AA22 =000 AA21 .. AA2 ?ALA.AO =00,01,10
rom inner to outer
PAA, onLayerL1 | AA24.AA22=001 AA21 ... AA2 AALAAG = 000110
rom outer to inner
PAA, on Layer L2 | AA24. AA22=010 AA21 .. AA2 ?ALA.AO =00,01,10
rom inner to outer
Layer LO First address Last address
0020000h ... PAA, | LAA
I 1 T 1 T 1 T 1
nner zone vl b LN Outer zorje
Layer L1 Last address First address
0 7D FF FEh ... PAA, [ AN FAA
Inner zone ) ) T | Outer zone
1 1 1
Layer L2 First address Last address
0820000h ... PAA, | .. IXAA + 08000 00h

Figure 72 — Illustration of PAA relation among layer L0, layer L1 and laye

Mathematically, this can be expressed in the following way.

After 4
addreq

PA

L2

dding 1 80 00 01h to PAA,, all 25 bits are inverted, resulting directly in the full dorresponding
s PAA; onlayer L1 [see Formula (48]].

A, =PAA,+1 8000 01h

(48)

The addition of 1 corrects forsthe order of the intra-RUB numbers, while the addition of 1 80 00 00h
takes ¢are of the correct layer number.
In this|way, the last address of data zone 1 can be derived as Formula (49):

0 1D FF FEh =002 00 00h+1 80 00 01h, (49)
and thg firSt;address of data zone 1 is as per Formula (50):

FAA=TAA+180-00-01h (50)

The corresponding address PAA, is obtained by adding 0 80 00 00h to PAA,

15.7.5 ADIP error correction

The error correction system is a nibble-based (15,9,7) non-systematic 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.

© ISO/IEC 2021 - All rights reserved
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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 (51):

p) =xt+x+1 (51)
The symbols of GF(2%) are represented by nibbles (groups of 4 bits), using the polynomial-base
representation, with (a3, a2, @, 1) as a basis. The root « is thus represented as a = 0010.

The code word, represented by the vector (cy c; .. cy3 ¢14), can be calculated from the information
symbols n to ng with Formula (52):

C(x)=2" xx —Zn x g\ (x (x)+ngxgp, (x) (52)

gp(x) is fhe parent generator polynomial:

13

gy =[] (x-e')

i=0
g®(x) is p specific generator polynomial for each symbol n; (i = 0. 7).

g®(x) is deriyed from the parent generator polynomial 9p(x) by-removing one of the zeroes z; df g,(x)
and normaliz{ng the result such that g@(z)) = 1. The zero Z toderremoved is given by Formula | B):

z; = ai*6 (53)

The generatof polynomials are then calculated as per Formula (54):

~ (1)
i) =.9 (x) 54
(x) 5 (54)
where
g(i)(x):gp(x) ’
X—z
Bi=3" (=)

Before recording them on the disk, all bits of the nibbles c, c;, ¢, c3, c; and c;, shall be inverted.

Because the todé is non-systematic, an additional calculation is needed to derive the information
symbols from the corrected code word symbols after standard RS-decoding.

The information symbols n, to n; can be obtained by evaluating the corrected code word C(x) in the
zero corresponding to the information symbol, i.e. by calculating a syndrome as per Formula (55):

14
n; =Sii6 ZC(O‘I+6)=ZC14—J' xol (70X (55)
j=0
ng is a systematic symbol and can be obtained from C(x) directly by copying symbol c,.
NOTE Each information symbol n; corresponds to a zero in the parent generator polynomial g, (x). Figure 73

gives the corresponding zero factor for each information symbol (note that ng does not have a corresponding
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-ad)
n, (x-a%)
n, (x - a'?)
ng (x-a'h
n, (x-a'?)
n, (x-a®)

Figure 73 — Corresponding zero factor for each information symbol

If an ipformation symbol is known and its corresponding zero extends the existing sefies of zeroes
corresponding to (x - a%) .. (x - a°) .., the Hamuning distance increases, i.e. if n; is known, [the Hamming

distanre becomes d = 8. If both n, and n; ar&known, the Hamming distance becomes d = .

In other words, prior knowledge of information symbols can increase the Hamming djstance of the

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

This phenomenon can be usedAfor-additional checking of the reliability of the decoding refult.

15.8 Disk information{DI) in ADIP aux frame

15.8.1 General

The information nibbles from the auxiliary fields of 96 consecutive ADIP words are |grouped into
frames of bytes and carry several disk parameters. The nibbles are re-ordered into byjtes according
to Figﬁrre 74. Several DI aux frames can be grouped into a DI block. All DI blocks shall Have the same

conterit.
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Byte
nur}rllber b; b bs b, b; b, b, by
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
word 2 word 2 word 2 word 2 word 2 word 2 word 2 word 2
3 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 3 word 3 word 3 word 3 word 3 word 3 word 3 word 3
141 AX11 AX10 AX9 AX8 AX7 AX6 AX5 AX4
word 95 | word 95 | word 95 | word 95 | word 95 | word 95 | word' 95 | word 95
142 AX3 AX2 AX1 AXO0 AX11 AX10 AX9 AX8
word 95 | word 95 | word 95 | word 95 | word 96 | word 96} word 96 | word 96
143 AX7 AX6 AX5 AX4 AX3 AX2 AX1 AXOL
word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word 96 | word 96

Figure 74 — ADIP aux frame byte-.ordering

15.8.2 Erroy protection for disk-information (DI) aux frames

The DI aux fra
such a long-d
added to com
represent the

mes are protected by a long-distance'RS error-correction code according to 13.7. Bpcause
stance code is built up from 248 bytes, 104 dummy bytes (not recorded on the di$k) are
blete the long-distance DI aux frame code words (see Figure 75). Bytes e | .. €193 |
dummy bytes (all set to FFh), bytes e, | ..€,;5 , represent the DI bytes, and bytes

nl13.7
D216,L

p247, represent the parity bytes.
DI block
DI aux frgme | DI aux frame '| DI aux frame DI aux frame | DI aux frame
N-1 0 1 N-1 0
/ .
<—1—="Dummy byvtes: >|< 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

216

Long-distance error-correction code word

>|<— 32—

Figure 75 — Disk-information (DI) structure and error correction format
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Disk-Information (DI) data structure

.1 General

A DI block can consist of multiple 144-byte aux DI frames (see Figure 75). 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 L0, from PAA 0 7E 00 00h on layer L1, and from PAA 0 81 B8 00h on layer

L2.

From
PAA O
PAA of
ZERO
addreq

The 11
the un

DI uni
units t

Byte 2
types
If the 1

consed
contin

An exd
added
existin
based
use th

15.8.3
Each [

Fhe starting PAA of protection zone 2 to PAA 0 01 B7 FEh of layer LO (see Fi
7E 48 00h to the last PAA of protection zone 1 of layer L1 (see Figure 88), and‘fro
protection zone 1 to PAA 0 81 B7 FEh of layer L2 (see Figure 89), the auxiliary’bit
br can contain DI aux frames (such that the sequence is contiguous with @Dl aux f
ses specified above).

2 DI bytes in each DI aux frame are called a DI unit. Each DI unit shalVstart with 8 |
it header (see 15.8.3.2).

hat have different definitions for their content, a unique identification of such DI ux

in the DI-unit header, the DI-format number, shall be used for this purpose. With
pf DI units with different content can be distinguished.

umber of parameters of a single set do not fitin one DI unit, such a set shall be stor
utive DI units, in which case bit b, of byte 6'indicates that the next DI unit in the
lation of the actual one.

mple usage of DI units for write a strategy is given in 15.8.3.8. Whenever new DI
g drives can be facilitated. Each drive should check all DI aux frames present on

on the DI-format number (byte 2) and the indicated recording velocity (bytes 28
e ones that it is supporting\(see also 15.8.3).

.2 General definitions for DI units

[ unit shall consist of a header, a body and a footer as depicted in Figure 76.

re 87), from
the starting
b can be set to
rame 0 at the

ytes, forming

's can contain different sets of parameters, such as differentwrite strategies. To dlistinguish DI

its is needed.

this byte, 256

ed in multiple
sequence is a

x frames are

a
the existing ones can still be used if appropriate and, in this way, backwards com]ratibility with

the disk and,
and 29), only
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Number
Byte number Content of bytes
Oto1l Disk-information identifier 2
2 DI-format number 1
3 Number of DI aux frames in each DI block (5 bits) 1
Number of the layer to which this DI unit applies (3 bits)
Header 4 Reserved 1
5 DI-unit sequence number in DI block 1
6 Continuation flag (1 bit) 1
Number of DL hyh:c inuse inthis DL unit (7 hifc)
7 Reserved 1
Body 8t0 99 DI-unit content 92
100 to 105 |Disk-manufacturerID 6
Footer 106 to 108 |Media-type ID 3
109to 110 |Time stamp 2
111 Product revision number 1
Figure 76 — General DI-unit format
Bytes 0 to 1:| DI 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
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.

byte

NOTE The
number and th

DI-format number only defines the content of the DI unit and has no relation with tHe class

e version number as defined in byte 11.

To prevent backwards compatibility problems of newer disks with older drives as much as possible, a

class number

The class nun
by legacy driy

and a version number have been introduced.

berisinciemented if a BD layer according to the new specifications should not be ac
es at all,\neither for reading nor for writing (e.g. to prevent possible damage to the

cessed
Hisk or

to the drive).

If the read compatibili pleeded.

The version number is incremented if the new specifications imply an extension/change for which no
class number update is needed (read compatibility is kept), and the new specifications result in a write-
compatibility break. Although such a BD layer carries a higher version number, it can still contain a DI
unit according to a previously defined DI format if this layer can be recorded according to the write
strategy as defined in such DI unit.

Consequently, drives should always check for the presence of a DI unit with a DI-format number known
to the drive. In such cases, the recording parameters (e.g. recording speed, recording power, timing
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 using the class number and the version number as described above, backwards compatibility of
future disks can be maximized, while preventing possible damage to disks and drives.
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Each layer type (defined by bytes 8 to 10) has its own independent DI-format numbering. The DI-format
number is also an indication of the write strategy type, which is specified in the DI unit.

Byte 3:

Bits b7 to b3:

Bits b, to by:

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

unit applies

These 5 bits specify the number of DI aux frames N in each DI block (1 <

N < 31).

These 3 bits specify the number of the recording layer to which the specifications in

this DI unit apply.
Byte 4: Reserved
This byte shall be set to 00h.
Byte §: DI-unit sequence number in DI block

This byte specifies the sequential DI unit number within the D] block.

It shall be set to a number n, where n indicates the actual. niumber of the
in the actual DI block (0 < n < N-1).

The sequence of DI units shall be ordered (see FiguredZ7) first according
nominal recording velocity (byte 28 and 29), then, within each sequencsg
with the same nominal recording velocity, according to increasing readi
according to ascending layer number (byte 3).ahd last according to the

the write strategy (identified by the DI-fermat number, but need not to t
quence of DI-format numbers).

DI unit with-

to increasing
of DI units

g velocity,
reference of
ein se-

© ISO/IEC 2021 - All rights reserved
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Sequence number | Recording velocity [ Reading velocity | Layer number Write strategy
0 v (=v1) 0 Preferred WS
1 Alternative WS
: Preferred WS
1 ,
k-1 Alternative WS
k Preferred WS
Alternative WS
: Preferred WS
2k k1 Atternative- s
v
2K ! Viz > Vi 0 PreferredWS
Alternative WS
1 Preferred WS
Alternative W§
Preferred WS
Alternative WS
1 Preferred WS
4k-L Alternative WS
4K Vi3(=V) 0 Most preferred WS
k-1 Least preferred WS
v, >V,
Vig > Vi3 0 Most preferred WS
8k-[L k-1 Least preferred WS
V3 >V, 0 :
N-1L etc. etc.
Figure 77 — Example of DI-block sequence
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 pnit 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;
ONE if the parameter set in this DI unit is continued in the next DI unit (see Figure 78).
Bits bg to by:  These 7 bits indicate the number of bytes in use in the actual DI unit up to the last unused
(Reserved) bytes immediately preceding the footer (see e.g. Figure 79).
92 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

Byte 2 =..
Byte 3 = N/Layer LO
Byte 5 =n-1
Byte 6, bitb, =0 End of preceding parameter set
Byte 2 =x Start of actual parameter set

T Byte 3 = N/Layer L1 :
Byte5=n
Byte 6, bitb, =1

Paranreterset Loz 2= x
for layer L1 Byte 3 - A lleprerlbd Continuation of actual parameter set
dpans 3 DI units S 5 = el :
) Byte 6, bitb, =1

‘ Byte 2 =x
Byte 3 = N/Layer L1

\ Byte 5 = n+2 :
Byte 6, bitb, =0 End ofactual parameter s¢t
Byte 2 =.. Start\of next parameter set
Byte 3 = N/Layer LO
Byte 5 =n+3
Byte 6, bitb, = ..

Figure 78 — Example of DI-unit extension
Byte 7: Reserved
This byte shall-be set to 00h.
Bytes(8 to 99: DI-unit content

Bytes{100 to 105:

Bytes|[106(t0*108:

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

Disk manufacturer ID

The format and the content of these 6 bytes require agreement befween the
interchange parties, else these bytes shall be set to all 00h.

Media type ID

The format and the content of these 3 bytes require agreement befween the

Bytes 109 to 110:

interchange parties, else these bytes shall be set to all 00h.

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
manufacturer ID and the same media type ID, regardless of the time stamp,
shall have the same recording properties (only minor differences are allowed:
the time stamp shall be irrelevant for recorders).
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Bits b; to b, of byte 109 plus bits b, to b, of byte 110 shall form one 12-bit binary
number representing the year of production.

Bits b; to b, of byte 110 shall form one 4-bit binary number representing the
month of production.

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

Byte 111: Product revision number

This byte shall identify the product revision number in binary notation. All disks
with the same disk manufacturer ID and the same media type ID, regardless of
the product revision numbers, shall have the same recording properties (only
minor differences are allowed: product revision numbers shall be irrelevpnt for
recorders).

The content of this byte can be chosen freely by the disk manufdeturefr. This
document does not specify the format and the content of thisybyte. It shall be
ignored in interchange.

15.8.3.3 Defjnitions for DI format 4 (Extended N-1 write strategy)

The content of the body of DI units according to format 4 shall be as depidted in Figure 79.
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Bytes 0 to 1:

Byte 2:

ISO/IEC 30193:2021(E)

Byte number Content Number of bytes
0to7 DI-unit header 8
8to 10 BD layer-type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel bit length 1
14 Push-pull polarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BCA descriptor 1
17 £ 10 An} A | o]
19 to 26 Data-zone allocation 8
27 Reserved 1
28 to 29 Recording velocities 2
30 Maximum dc read power at the nominal recording 1

velocity
31 Maxim_um HF-m_odulated read power at the nominal 1
recording velocity

32 Reserved 1
33to41 Write-power settings 9
42 Ty;p write multi-pulse duration 1
43 to 47 dT,,, first-write-pulse start time 5
48 to 52 T\, first-write-pulse duration 5
53to 55 dT,p last-write-pulse start titne 3
56 to 58 T, p last-pulse duration 3
59 to 63 dTy start time of the €tase level 5
64 Reserved 1
65(3?5124?)?& )73 AdT,,, first-write-pulse start-time offset 8,9
2?131572%51;%) AT, first=write-pulse duration offset 7,5
81(535%441?& ]85 AdT, plast-pulse start-time offset 4,5
2?1((11553% At(l))léf)) AT, last-pulse duration offset 4,5
90(;(1)5?)74%?& )9 8 AdTy start-time offset of the erase level 8,1
98 (Isb.4bits) Reserved 0,5
99 Reserved 1
100 to 111 DI-unit footer 12

Figure 79 — Content of disk information for DI format 4

DI identifier

See 15.8.3.2.

DI-format number

This byte shall be set to 04h for disks with BCA code.
This byte shall be set to 84h for the disks without BCA code.
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Byte 3:

Byte 4:

Byte 5:

Byte 6:

Byte 7:

Bytes 8 to 10

Byte 11:

Bits b, to bj:

Bits bg to b),:

Bits b to by,

o

Byte 12:

Bits b, to b

Bits b; to b},

(=)

=

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

the DI unit body (excluding the bytes in the DI unit footer) are unused andsshall be
set to 00h.

Reserved
See 15.8.3.2.

BD layer type identifier
These three bytes identify the type of the BD layer towhich this DI unit applies

and shall be set to 42 44 57h, representing the charactérs “BDW” in each rewrita-
ble 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 layers|of the
same layer type but with different basic specifications.

BD layers according to this:document shall have these bits set to 01.

Drives not familiar with-a particular class of layers should not access the data
zone of such layers (neither for reading, nor for writing).

These 4 bits specify the version number. They shall be set to 0011, indicatingfa layer
according te:this document.

BD structure

These 4 bits specify the total number of BD recording/recorded layers in th¢ disk.
These bits shall be set to 0011, indicating 3 recording layers.

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

Byte 13:

Bits b, to by:

96

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

Channel bit length

These 4 bits shall be set to 0000.
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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:
0000: reserved;

0101: indicating a channel bit length of 55,87 nm (33,4 Gbyte per layer);

Other settings: reserved.

ing layer Li.

marks have a

er reflectivity

Byte 14: Push-pull polarity flag bits
Bit h; Each bit b shall specify the polarity of the push-pull signal on recorded 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 beSet to ZERO;
For this document, this byte shall be set to 00h.
Byte 15: Recorded-mark polarity flag bits
Bith; : Each bit b; shall specify the polarity of the recorded marks on record
They shall be set to ZERO, indicating & layer type on which recorded
lower reflectivity than the unrecorded layer (HTL disks),
ONE, indicating a layer type oniwhich recorded marks have a high
than the unrecorded layer.
For recording layers thatafe not present, bit b; shall be set to ZERO.
For this document, this'byte shall be set to 00h.
Byte 16: BCA descriptor
Bitg|b, to by: These 4 bits shall be reserved.
Bitgb; to by: These 4-bits indicate the presence of a BCA code on this disk:
They.shall be set to as follows:
0000: indicating no BCA code;
0001: indicating BCA code is present;
Other settings: reserved.
Bytes|1740 18: Reserved

Bytes 19 to 26

These bytes shall be set to all 00h.

Data zone allocation
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Bytes 19 to 22:

These bytes shall specify the first physical ADIP address of the data zone of the
related layer.

In each Dl unitrelating to layer LO, these bytes shall be set to 00 02 00 00h indicating
PAA 131 072 as the first PAA of the data zone 0.

In each DI unit relating to layer L1, these bytes shall be set to a value FAA, which
shall be 00 5E EC 80h for a disk with a user data capacity of 33,4 Gbyte per layer,
indicating PAA 6 220 928 for 33,4 Gbyte per layer as the first PAA of data zone 1.

In each DI unitrelating to layer L2, these bytes shall be set to 00 82 00 00h indicating
PAA 8 519 680 as the first PAA of the data zone 2.

Bytes 23 td

Byte 27:

Bytes 28 to 2

Byte 30:

26:

These bytes shall specify the last physical ADIP address of the data zone of fhe re-
lated layer.

In each DI unit relating to layer LO, these bytes shall be set to a value.AA,|which
shall be 00 21 13 7Eh for a disk with a user data capacity of 33,4)Gbyte per layer,
indicating PAA 2 167 678 for 33,4 Gbyte per layer as the last PAA of the data fone 0.

In each DI unitrelating to layer L1, these bytes shall be set to-00-7D FF FEh indjcating
PAA 8 257 534 as the last PAA of the data zone 1.

In each DI unitrelating to layer L2, these bytes shall be setitojthe value LAA + 00 80 D0 00h,
which shall be 00 A1 13 7E h for a disk with a user-data capacity of 33,4 Gbyte per
layer, indicating PAA 10 556 286 for 33,4 Gbyte pér layer as the last PAA of the data
zone 2.

Reserved
This byte shall be set to 00h.

Recording velocity

These bytes shall specify themominal recording velocity, to be used with the param-
eters as defined in this DI unit, as a 2-byte binary number (byte 28 is MSB).

It shall specify the nominal recording velocity as a number n such that:
n=100x V,

nony

n shall be equal to 02 E2h to indicate a nominal recording velocity of 7,38 m/s.

Maximum dc read power at the nominal recording velocity

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 30.7). Maximum read powers in this clauge shall
be greater than or equal to the read powers defined in 30.7. By default, the powers
defined in 30.7 shall be used.

This byte shall specily the dc read power P, at a readout velocity equal to the nom-
inal recording velocity, in milliwatts, defined in byte 28 and 29 of this DI unit. The
decimal expression of this byte is as follows:

n=100x P,

NOTE1 Forreading at lower speeds than the nominal velocity specified in this DI unit, a reduction of the read
power can be necessary to guarantee the stability of recordings on the disk.

98
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Maximum HF-modulated read powers at the nominal recording velocity

The maximum read power is defined as the maximum optical power on the en-
trance surface of the disk, at which at least 100 successive reads can be applied
without degrading recorded signals (see 30.7). Maximum read powers in this
clause shall be greater than or equal to the read powers defined in 30.7. By de-
fault, the powers defined in 30.7 shall be used.

This byte shall specify the maximum HF-modulated read power, P,. at the same
readout velocity as the nominal recording velocity, in milliwatts, defined in byte
28 and 29 of this DI unit. The decimal expression of this byte is as follows:

n=100x P,

NOTE2Z Forreading at lower speeds than the nominal velocity specified in this DI unit, a réduction of the read
power fan be necessary to guarantee the stability of the recordings on the disk.
Byte 32: Reserved
This byte shall be set to 00h.
Bytes|33 to 41: Write power settings
Bytps33to34:  Pyyp: Pyp can be used as a starting value forthe determination of P, in the OPC
procedure (see Annex G for the detailed*procedure).
These bytes shall specify the indicative value Pyyp of Py, .qc¢ in nijilliwatts as a
number n such that:
n =20 x Pyyp
bit b; of Byte 33 is msb and’bit b0 of Byte 34 is Isb.
Byte 35: Myyp: Myyp can be used as a starting value for the determination of Py, g in the
OPC procedure (seeAnnex G for the detailed procedure).
This byte shalkspecify the modulation at Py as determined by thg media manu-
facturer as ashumber n such that:
n= 200 X mIND
Byte 36: p: Fhis byte shall specify the write power multiplication factor p uged in the OPC
algorithm (see Annex G for the detailed procedure) as a number n spich that:
n=100xp
Byte 37: egw: This byte shall specify the write-bias/write peak power ratio &y, used in the
OPC algorithm (see Annex G for the detailed procedure) as a number n such that:
n= 200 X SBW
Byte 38: £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¢&:
Byte 39: €g: This byte shall specify the erase/write peak power ratio €; used in the OPC
algorithm (see Annex G for the detailed procedure) as a number n such that:
n =200 x &
Byte 40: 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 = 20 x k.
Byte 41: This byte shall be reserved.
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Byte 42:

Typ write multi-pulse duration

This byte specifies the duration of the second and higher pulses of the multi-pulse
train, in the extended N-1 write strategy, for recording marks (see Annex F for the
detailed definition).

The first 5 bits (bits b; to b;) of this byte shall specify the fraction of the actual
channel bit clock period, as an unsigned binary number p, such that:

p=32x e (0 < p<30)
Tw
The last 3 bits (bits b, to b)) of this byte shall be reserved.

Bytes 43 to

Bytes 43 to 4

Byte 43:

Byte 44:

Byte 45:

63:

7:

In these bytes, Anchor position or duration time is defined for dT;,, T;,p, 61 p Ty p,
and dTp.

Anchor position means the leading-edge position of each write pulseyse€ Figure F.1).

Regarding the duration time, anchor is specified in a similar way:

dT,p,

The first 6 bits (bits b, to b,) of these bytes specify the'stdrt time of the first pulse
of the multi-pulse train, in the extended N-1 write 'strategy, for recording|marks
with run-lengths 2T, 3T, 4T and 25T with a preceding =5T space (positive|values
are leading, negative values are lagging; see Anhex F for the detailed definjtion).

first-write-pulse start time

The first-pulse start time dT,, shall specify-afraction of the actual channel bjt clock
period, as a signed two’s-complement binary number a, such that:

dT,
a=32x —P (-28<q<30)
Tw
The last 2 bits (bits b; to b,) of these bytes shall be reserved.

This byte shall specify thestart time of the pulse for recording marks of run{length
2T with a succeeding 2T space, relative to the trailing edge of the first chann¢l bit of
the data pulse (positive values are leading, negative values are lagging; see Annex F
for the detailed definition).

This byte shall specify the start time of the pulse for recording marks of run{length
2T with a~succeeding 23T space, relative to the trailing edge of the first channel
bit of the-data pulse (positive values are leading, negative values are l4gging;
see Annex F for the detailed definition).

This byte shall specify the start time of the first pulse of the multi-pulse trin for
recording marks of run-length 3T, relative to the trailing edge of the first chan-
nel bit of the data pulse (positive values are leading, negative values are 14gging;
see Annex F for the detailed definition).

Byte 46:

Byte 47:

100

This byte shall specify the start time of the first pulse of the multi-pulse train for
recording marks of run-length 4T, relative to the trailing edge of the first chan-
nel bit of the data pulse (positive values are leading, negative values are lagging;
see Annex F for the detailed definition).

This byte shall specify the start time of the first pulse of the multi-pulse train for
recording marks of run-lengths =5T, relative to the trailing edge of the first chan-
nel bit of the data pulse (positive values are leading, negative values are lagging;
see Annex F for the detailed definition).
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Bytes 48 to 52:
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Tiop first-write-pulse duration
The first 6 bits (bits b, to b,) of these bytes specify the duration of

the first pulse

of the multi-pulse train, in the extended N-1 write strategy, for recording marks
with run-lengths 2T, 3T, 4T, and 25T with a preceding =5T space (see Annex F for

the detailed definition).

These bytes shall specify a fraction of the actual channel bit clock period, as an

unsigned binary number b, such that:

T
b=32x - (0<bh<60)
Tw

Byte 48:

Byte 49:

Byte 50:

Byte 51:

Byte 52:

Bytes|53 to 55:

Byte 53:

Lanld} 1 Fiile TR M-S Vo P | b 1 Y yan | 1 . 1 111 o |
T 145U 4 UILS [DILS Ul [4) U0) UI'LIICST Uy LTS Slidll UT TTSTCT VEU.

This byte shall specify the duration of the pulse for recording mrarkq of run-length

2T with a succeeding 2T space (see Annex F for the detailed-definit

on).

This byte shall specify the duration of the pulse for recording markg of run-length
2T with a succeeding 23T space (see Annex F for the'detailed definiftion).

This byte shall specify the duration of the firstpulse, of the multi-gulse train, for
recording marks of run-length 3T (see Annex¥\for the detailed definition).

This byte shall specify the duration of thefirst pulse, of the multi-gulse train, for

recording of marks of run-length 4T (sée Annex F for the detailed d

efinition).

This byte shall specify the duratipivof the first pulse, of the multi-gulse train, for

recording marks of run-length$=5T (see Annex F for the detailed d

dT,p last-write-pulse start time

pfinition).

The first 6 bits (bits byto’b,) of these bytes specify the start time of the last pulse
of the multi-pulse traih, in the extended N-1 write strategy, for reqording marks
with run-lengths 3T, 4T, and 25T with a succeeding 25T space (posiflive values are
leading, negative’values are lagging; see Annex F for the detailed dgfinition).

The last-pulse start time dT;; is expressed as a fraction of the actyal channel bit
clock period, as a signed two’s-complement binary number ¢, such that:

c=32 % dTip (-30<c<30)
Tw
TFhe last 2 bits (bits by to b)) of these bytes shall be reserved.

This byte shall specify the start time of the last pulse of the multi-
recording marks of run-length 3T relative to the leading edge of t
bit of the data pulse (positive values are leading, negative value
see Annex F for the detailed definition).

ulse train for
last channel
5 are lagging;

Byte 54:

Byte 55:

This byte shall specify the start time of the first pulse, of the multi-pulse train, for
recording marks of run-length 4T relative to the leading edge of the last channel
bit of the data pulse (positive values are leading, negative values are lagging;

see Annex F for the detailed definition).

This byte shall specify the start time of the first pulse of the multi-pulse train for

recording marks of run-lengths =5T relative to the leading edge of

the last chan-

nel bit of the data pulse (positive values are leading, negative values are lagging;

see Annex F for the detailed definition).
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Bytes 56 to 58:

T\ p last-pulse duration

The first 5 bits (bits b, to b;) of these bytes specify the last pulse length of the
multi-pulse train, in the extended N-1 write strategy, for recording marks with
run-lengths 3T, 4T and =5T with a succeeding 25T space (see Annex F for the de-
tailed definition).

These bytes shall specify a fraction of the actual channel bit clock period as an
unsigned binary number d such that:

T
d=32x 2 (0<d<30)
Ty
The last 3 b.\, (]r\li'c 12 |'r\ ]'\ ] an]noc‘n ]’nri’nc C‘l"\"l]] ]‘\n rncovﬂrnr‘

Byte 56:

Byte 57:

Byte 58:

Bytes 59 to 43:

Byte 59:

Byte 60:

Byte 61:

Byte 62:

This byte shall specify the duration of the last pulse, of the multi-pulseltrain, for
recording marks of run-length 3T (see Annex F for the detailed definition),

This byte shall specify the duration of the last pulse, of the mulfi-pulse train, for
recording marks of run-length 4T (see Annex F for the detailed definition).

This byte shall specify the duration of the last pulse, ofthe multi-pulse train, for
recording marks of run-lengths =5T (see Annex F for-the detailed definitioh).

dTg start time of the erase level

The first 7 bits (bits b, to b;) of these bytes gpecify the start time of the erage level
of the extended N-1 write strategy for thé yecording marks with run-lengths 2T,
3T, 4T, and 25T with a succeeding 25T space (positive values are leading, n¢gative
values are lagging; see Annex F for the\detailed definition).

The start time of the erase level dTgis expressed as a fraction of the actual channel
bit clock period, as a signed two6’s-complement binary number e, such that:
e=32x Ty

Tw
The last bit (bit b,).of these bytes shall be reserved.

(-48 < e < 30)

This byte shall §pecify the start time of the erase level for recording marks pf run-
length 2T with a preceding 2T space.

This byte shall specify the start time of the erase level for recording marks pf run-
length2T with a preceding 23T space.

This byte shall specify the start time of the erase level of the multi-pulse trjain for
recording marks of run-length 3T.

This byte shall specify the start time of the erase level of the multi-pulse trjain for

Byte 63:

Byte 64:

Bytes 65 to 98:

102
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This byte shall specify the start time of the erase level of the multi-pulse train for
recording marks of run-lengths =5T.

Reserved

This byte shall be set to 00h.

In these bytes, A is defined as the offset from the anchor position or duration time
which is specified from bytes 43 to 63.

Offset means the time difference from the anchor position. Regarding the duration
time, offset is specified in a similar way (see Figure F.1).
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Bytes 65 to 72 and 73 (msb 4 bits): AdT,, first-write-pulse start-time offset

These bytes specify the leading edge offset of the first pulse of the multi-pulse train,
in the extended N-1 write strategy, for recording marks with run-lengths 2T, 3T, 4T

and 25T with a preceding 2T, 3T, or 4T space (see Annex F for the detail

The first-pulse start-time offset AdT;,, is expressed as a fraction

ed definition).

of the actual

channel bit clock period, as a signed two’s-complement binary number f, such that:

., AdT, |
f=32x o (-28 < f< 30). for Byte 65 and 66;

Table
preced

aread

See F.4.

Byt

w
AdT,

(o tOD Q) Val LAY £ D L 2 L A 120 L 1 4t nY

J —o4ar T— TO=/=7). 10 Dyl© O/ L0 74 dlIU 7o (115D 7 DILS].
w

Table 1 — Dependence of the dT; , value for each mark

top
Mark
Preceding space Z_M
Succeeding space 3M AM >5M
2S 23S
2S
3S A
4S
>5S a

L shows the dependence of the dT,,, valué.for each mark that is going to be w

ing and succeeding spaces. The area denoted by "a" accommodates the anchor v
bnoted by " f" includes the offset value as-follows:

[ The area with this pattern includes the offset values, which are represented H

1 The area with this pattern-includes the anchor values, which are represented
value "i =f+a " shall satisfy -28 < i < 30.

p 65: The first'6 bits (bits b, to b,) of this byte shall specify the start-time offset d

Incase this byte applies, the anchor position is specified in byte 43 (dT;,,,
with a preceding 25T space and a succeeding 2T space).

The last 2 bits (bits by to b)) of this byte shall be reserved.

ritten, on the
alues and the

v
by "a". The

fthe pulse for

recording marks of run-length 2T with a preceding 2T space and a succeedling 2T space.

for a 2T mark

Byt

f the pulse for

p 66:  The first 6 bits (bits b; to by) of this byte shall specify the start-time offset d

recording marks of run-length 2T with a preceding 2T space and a succeeding 23T space.

In case this byte applies, the anchor position is specified in byte 44 (dTiop
with a preceding 25T space and a succeeding 23T space).

The last 2 bits (bits b; to by) of this byte shall be reserved.
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Byte 67:

Byte 68:

Byte 69:

Byte 70:

Byte 71:

Byte 72:

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the first pulse
of the multi-pulse train for recording marks of run-length 3T with a preceding 2T space.
In case these bits (bits b; to b,) apply, the anchor position is specified in byte 45 (d T, for
a 3T mark with a preceding 25T space).

The last 4 bits (bits b to by) of this byte shall specify the start-time offset of the first pulse
of the multi-pulse train for recording marks of run-length 4T with a preceding 2T space.
In case these bits (bits bs to by) apply, the anchor position is specified in byte 46 (dT,, for
a 4T mark with a preceding =5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the first
pulse of the multi-pulse train for recording marks of run-lengths >5T with a preceding

2T space. In case these bits (bits b, to b,) apply, the anchor position is specified in Byte 47
(dT,p for 25T mark with a preceding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset.of the pylse for
recording marks of run-length 2T with a preceding 3T space and a succeeding a 2T|space.
In case these bits (bits b; to b,) apply, the anchor position is specifiedinbyte 43 (dfy,, for
a 2T mark with a preceding 25T space and a succeeding 2T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start:time offset of the pylse for
recording marks of run-length 2T with a preceding 3T space and a succeeding 23T|space.
In case of these bits (bits b, to b,) the anchor position is\$pecified in byte 44 (dT;, 4 for 2T
mark with a preceding 25T space and a succeeding 23TF.space).

The last 4 bits (bits b; to by) of this byte shall specify(the start-time offset of the first pulse
of the multi-pulse train for recording marks of#un-length 3T with a preceding 3T{space.
In case of these bits (bits b to by), the anchorposition is specified in byte 45 (dT;,{ for 3T
mark with a preceding 25T space).

The first 4 bits (bits b, to b,) of this byteshall specify the start-time offset of the firgt pulse
of the multi-pulse train for recording'marks of run-length 4T with a preceding 3T|space.
In case these bits (bits b; to b,) apply, the anchor position is specified in byte 46 (dfy,, for
a 4T mark with a preceding =57, space).

The last 4 bits (bits b; to bg)'of this byte shall specify the start-time offset of the firsft pulse
of the multi-pulse trainforrrecording marks of run-lengths 25T with a preceding 3T|space.
In case these bits (bits bz to by) apply, the anchor position is specified in byte 47 (dfy,, for
a 25T mark with apreceding 25T space).

The first 4 bit§ (bits b, to b,) of this byte shall specify the start-time offset of the pylse for
recording marks of run-length 2T with a preceding 4T space and a succeeding 2T|space.
In case these bits (bits b; to b,) apply, the anchor position is specified in byte 43 (dfy,, for
2T markwith a preceding 25T space and a succeeding 2T space).

Thelast 4 bits (bits b; to b)) of this byte shall specify the start-time offset of the pylse for
recording marks of run-length 2T with a preceding 4T space and a succeeding >3T|space.

In case these bits (bits b to b) apply, the anchor position is specified in byte 44 (dT,, for
a 2T mark with a preceding 25T space and a succeeding 23T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the first pulse
of the multi-pulse train for recording marks of run-length 3T with a preceding 4T space.
In case these bits (bits b; to b,) apply, the anchor position is specified in byte 45 (dT,, for
a 3T mark with a preceding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset of the first pulse
of the multi-pulse train for recording marks of run-length 4T with a preceding 4T space.
In case these bits (bits b; to b,) apply, the anchor position is specified in byte 46 (dT,, for
a 4T mark with a preceding 25T space).

Byte 73 (msb 4 bits):

104
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The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the first pulse
of the multi-pulse train for recording marks of run-lengths =5T with a preceding 4T. In
case these bits (bits b, to b,) apply, the anchor position is specified in byte 47 (dT,,, for
a 25T mark with a preceding 25T space).

Bytes 73 (Isb 4 bits) and 74 to 80: AT, first write pulse duration offset

These bytes specify the duration offset of the first pulse of the multi-pulse train, in the
extended N-1 write strategy, for recording marks with run-lengths 2T, 3T, 4T, and 25T with
a preceding 2T, 3T, or 4T space (see Annex F for the detailed definition).

These bytes shall specify a fraction of the actual channel bit clock period, as a signed

two’'s-complement binary number g, such that:

AT,
g=32><% (-8=<g=<7)

w

Table 2 — Dependence of the T, value for eachanark

Mark
Preceding space Z_M
Succeeding space 3M 4M 25M
2S 23S

2S
3S g
4S

=5S b

Table 2 shows the dependence of the Ty, value for each mark that is going to be written, onfthe preceding
and sulcceeding spaces. The area denoted.by "b" accommodates the anchor values and the area denoted

by "g" Includes the offset values as follows:

See F.4.

g The area with this pattern includes the offset values, which are represente

b The area with this pattern includes the anchor values, which are represent
The value "ji= g + b " shall satisfy 0 <j < 60.

Byte 73: (Isb 4bits):

d by "g".
ed by "b".

Byte 74:

The last 4 bits (bits b; to b)) of this byte shall specify the duration offset df the pulse for
recording marks of run-length 2T with a preceding 2T space and a succegding 2T space
see Annex F for the detailed definition). In case these bits (bits b; to b,) apply, the anchor
duration time is specified in byte 48 (T, for a 2T mark with a preceding 25T space and
a succeeding 2T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the pulse
for recording marks of run-length 2T with a preceding 2T space and a succeeding 23T
space (see Annex F for the detailed definition). In case these bits (bits b, to b,) apply, the
anchor duration time is specified in byte 49 (T, for a 2T mark with a preceding 25T
space and a succeeding 23T space).

The last 4 bits (bits b; to b) of this byte shall specify the duration offset of the first pulse
of the multi-pulse train for recording marks of run-length 3T with a preceding 2T space
(see Annex F for the detailed definition). In case these bits (bits b; to by) apply, the anchor
duration time is specified in byte 50 (T;,, for a 3T mark with a preceding 25T space).
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Byte 75:

Byte 76:

Byte 77:

Byte 78:

Byte 79:

106

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the first pulse
of the multi-pulse train for recording marks of run-length 4T with a preceding 2T space
(see Annex F for the detailed definition). In case these bits (bits b, to b,) apply, the anchor
duration time is specified in byte 51 (T, for a 4T mark with a preceding 25T space).

The last 4 bits (bits b; to by) of this byte shall specify the duration offset of the first pulse
of the multi-pulse train for recording marks of run-lengths 25T with a preceding 2T space
(see Annex F for the detailed definition). In case these bits (bits bs to b) apply, the anchor
duration time is specified in byte 52 (T;,, for a 25T mark with a preceding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the pulse for
recording marks of run-length 2T with a preceding 3T space and a succeeding 2T space

(see AnnexF for the detailed definition). In case these bits (bits b, to b,) apply, the anchor
duration time is specified in byte 48 (T, for 2T mark with a preceding 25T $p3ce and
a succeeding 2T space).

The last 4 bits (bits b; to by) of this byte shall specify the duration affset of th¢ pulse
for recording marks of run-length 2T with a preceding 3T space and‘a succeeding 23T
space (see Annex F for the detailed definition). In case these bits’(bits b; to b,) apply,
the anchor duration time is specified in byte 49 (T, fora 2T mark with a precedipg =5T
space and a succeeding 23T space).

The first 4 bits (bits b, to b,) of this byte shall specifythe duration offset of the first
pulse of the multi-pulse train for recording of marks ofixun-length 3T with a preceding 3T
space (see Annex F for the detailed definition). In ¢ase’these bits (bits b, to b,) apply, the
anchor duration time is specified in byte 50 (T, tor3T mark with a preceding 25T ppace).

The last 4 bits (bits b; to by) of this byte shallspecify the duration offset of the firsft pulse
of the multi-pulse train for recording marks’of run-length 4T with a preceding 3T space
(see Annex F for the detailed definition).In case these bits (bits b; to by) apply, the anchor
duration time is specified in byte 51 (i, for a 4T mark with a preceding 25T spgce).

The first 4 bits (bits b, to b,) of this’byte shall specify the duration offset of the first pulse
of the multi-pulse train for reeording marks of run-lengths 25T with a preceding 37T space
(see Annex F for the detailed definition). In case these bits (bits b, to b,) apply, the ainchor
duration time is specifiedin byte 52 (T;,, for a 25T mark with a preceding 25T space).

The last 4 bits (bits byto b)) of this byte shall specify the duration offset of the pylse for
recording marks.of run-length 2T with a preceding 4T space and a succeeding 27T space
(see AnnexF for the detailed definition). In case these bits (bits b to by) apply, the anchor
duration time s specified in byte 48 (T, , for a 2T mark with a preceding 25T spgce and
a succeeding 2T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of th¢ pulse
fof recording marks of run-length 2T with a preceding 4T space and a succeeding 23T
space (see Annex F for the detalled deflnltlon) In case these bits (blts b7 toby,) ap ly, the

3 3 g 25T

space and a succeedmg >3T space)

The last 4 bits (bits b; to by) of this byte shall specify the duration offset of the first pulse
of the multi-pulse train for recording marks of run-length 3T with a preceding 4T space
(see Annex F for the detailed definition). In case these bits (bits b; to by) apply, the anchor

duration time is specified in byte 50 (T, for a 3T mark with a preceding 25T space).
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The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording marks of run-length 4T with a preceding 4T
space (see Annex F for the detailed definition). In case these bits (bits b, to b,) apply, the

anchor duration time is specified in byte 51 (T, for 4T mark with a preceding 25T space).

The last 4 bits (bits b; to by) of this byte shall specify the duration offset of the first pulse
of the multi-pulse train for recording marks of run-lengths 25T with a preceding 4T space
(see Annex F for the detailed definition). In case these bits (bits b; to by) apply, the anchor
duration time is specified in byte 52 (T, for a 25T mark with a preceding 25T space).

Bytes 81 to 84 and 85 (msb 4 bits): AdT, p last-pulse start-time offset

Table
preced
aread

See F.4.

Byt

h
c

p 81:

These bytes specily the start-time offset of the Tast pulse of the multi-pule train, in the
extended N-1 write strategy, for recording marks with run-lengths 3T,4T}and =5T with
a succeeding 2T, 3T, or 4T space (see Annex F for the detailed definition).

The last-pulse start-time offset AdT| p is expressed as a fraction-efthe actyal channel bit
clock period, as a signed two’s-complement binary number A,'such that:

h=32x240e g po
Ty

Table 3 — Dependence of the dT|, valuefor each mark

Mark
Succeeding space
3M 4M =5M
2S
3S h
4S
>5S c

B shows the dependence of the dT|p value for each mark that is going to be written, on the

n_n

ing and succeeding spaces. The’area denoted by "c" accommodates the anchor vjalues and the
enoted by "h" includes the offset values as follows:

The area with.this pattern includes the offset values, which are represented by "h".

n_n

The area writh this pattern includes the anchor values, which are represented by "c".
The value-r = h + ¢ " shall satisfy -30 < r < 30.

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the last
pulse of the multi-pulse train for recording marks of run-length 3T with a succeeding
2T space. In case these bits (bits b, to b,) apply, the anchor position is sp¢cified in byte

53 (dTp for a 3T mark with a succeeding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset of the last
pulse of the multi-pulse train for recording marks of a run-length 4T with a succeeding
2T space. In case these bits (bits b to b)) apply, the anchor position is specified in byte
54 (dTp for a 4T mark with a succeeding =5T space).
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Byte 82:

Byte 83:

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of t

he last

pulse of the multi-pulse train for recording marks of run-lengths 25T with a succeeding
2T space. In case these bits (bits b; to b,) apply, the anchor position is specified in byte

55 (dTyp for a 25T mark with a succeeding >5T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset of the last
pulse of the multi-pulse train for recording marks of run-length 3T with a succeeding
3T space. In case these bits (bits b; to by) apply, the anchor position is specified in byte

53 (dTp for a 3T mark with a succeeding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of t

he last

pulse of the multi-pulse train for recording marks of run-length 4T with a succeeding

Byte 84:

Byte 85 (m|

Bytes 85 (Ish

3T space. In case these bits (bits b, to b,) apply, the anchor position is specified
54 (dTp for 4T mark with a succeeding >5T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset of t
pulse of the multi-pulse train for recording marks of run-lengths 25T with a succ
3T space. In case these bits (bits b to b,) apply, the anchor positionis-specified
55 (dTyp for a 25T mark with a succeeding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of t
pulse of the multi-pulse train for recording marks of run-length 3T with a succ
4T space. In case these bits (bits b, to b,) apply, the anchor position is specified
53 (dTp for a 3T mark with a succeeding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset of t
pulse of the multi-pulse train for recording ofsnarks of run-length 4T with a succ
4T space. In case these bits (bits b3 to by) apply, the anchor position is specified
54 (dTp for 4T mark with a succeeding 2§Pspace).

kb 4 bits):

The first 4 bits (bits b, to b,) ofifhis byte shall specify the start-time offset of t
pulse of the multi-pulse trainfor recording marks of run-lengths 25T with a succ
4T space. In case these bits (bits b, to b,) apply, the anchor position is specified
55 (dTp for 2 a 5T mark@ith a succeeding 25T space).

4 bits) and 86 to 89: AT , last-pulse duration offset

These bytes spedify the duration offset for the last pulse length of the multi-pulse
in the extended N-1 write strategy, for recording marks with run-lengths 3T, 4T, a
with a suteeeding 2T, 3T, or 4T space (see Annex F for the detailed definition).

This byte shall specify a fraction of the actual channel bit clock period, as a
two's-complement binary number v, such that:

n byte

he last
peding
n byte

he last
peding
n byte

he last
peding
n byte

he last
peding
n byte

e train,
hd >5T

signed

AT,
v=32x —LP (3<y<7)

108

Ty

Table 4 — Dependence of the T, value for each mark

Mark
Succeeding space
3M 4M =5M
2S
3S 1%
4S
>5S d
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Table 4 shows the dependence of the T p value for each mark that is going to be written, on the preceding
and succeeding spaces. The area denoted by "d" accommodates the anchor values and the area denoted

non

by "v" includes the offset values as follows:

non

1% The area with this pattern includes the offset values, which are represented by "v".

d The area with this pattern includes the anchor values, which are represented by "d".
The value "s = v + d" shall satisfy 0 < s < 30.

See F.2.

Byte 85 (Isb 4 bits):

The last 4 bits (bits bs to b)) of this byte shall specify the duration offset of the last pulse
of the multi-pulse train for recording marks of run-length 3T with a sticeedding 2T space
(see Annex F for the detailed definition). In case these bits (bits by te b;) apply, the anchor
duration time is specified in byte 56 (T p for a 3T mark with a sineceeding|>5T space).

Byte 86: The first 4 bits (bits b, to b,) of this byte shall specify the dGration offset of the last pulse
of the multi-pulse train for recording marks of run-length 4T with a succeqding 2T space
(see Annex F for the detailed definition). In case thesebits (bits b, to b,) apply, the anchor
duration time is specified in byte 57 (T p for a 4T mark with a succeeding|>5T space).

The last 4 bits (bits b; to b)) of this byte shall specify the duration offset of the last pulse of
the multi-pulse train for recording marks of ran-lengths =5T with a succeqding 2T space
(see Annex F for the detailed definition). Ingase these bits (bits b; to by) apply, the anchor
duration time is specified in byte 58 (Zppfor 25T mark with a succeeding[>5T space).

Byte 87: The first 4 bits (bits b, to b,) of thishyte shall specify the duration offset of the last pulse
of the multi-pulse train for recording marks of run-length 3T with a succedding 3T space
(see Annex F for the detailed definition). In case these bits (bits b, to b,) apply, the anchor
duration time is specified in'byte 56 (T p for a 3T mark with a succeeding|=5T space).

The last 4 bits (bits b; to-b,) of this byte shall specify the duration offset of the last pulse
of the multi-pulse traip’for recording marks of run-length 4T that with a §ucceeding 3T
space (see Annex Efor the detailed definition). In case these bits (bits b; tq b)) apply, the
anchor durationitime is specified in byte 57 (T p for a 4T mark with a sycceeding 25T
space).

Byte 88: The first4 bits (bits b, to b,) of this byte shall specify the duration offset of the last pulse
of themulti-pulse train for recording marks of run-lengths =5T with a succe¢ding 3T space
(see’Ahnex F for the detailed definition). In case these bits (bits b, to b,) apply, the anchor
duration time is specified in byte 58 (T p for a 25T mark with a succeedinjg 25T space).

The last 4 bits (bits bs to b, of this byte shall specify the duration offset of the last pulse
of the multi-pulse train for recording marks of run-length 3T with a succedding 4T space
see Annex F for the detailed definition). In case these bits (bits b; to b,) apply, the anchor
duration time is specified in byte 56 (T p for a 3T mark with a succeeding >5T space).

Byte 89: The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the last pulse
of the multi-pulse train for recording marks of run-length 4T with a succeeding 4T space
(see Annex F for the detailed definition). In case these bits (bits b, to b,) apply, the anchor
duration time is specified in byte 57 (T p for a 4T mark with a succeeding 25T space).

The last 4 bits (bits b to b)) of this byte shall specify the duration offset of the last pulse
of the multi-pulse train for recording marks of run-lengths =5T with a succeeding 4T space
(see Annex F for the detailed definition). In case these bits (bits b; to by) apply, the anchor
duration time is specified in byte 58 (T p for a 25T mark with a succeeding >5T space).

Bytes 90 to 97 and 98 (msb 4 bits): AdTy, start-time offset of the erase level
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Table 5 shows

These bytes specify the start-time offset of the erase level, in the extended N-1 write
strategy, for recording marks with run-lengths 2T, 3T, 4T, and =5T with a succeeding 2T,
3T, or 2 4T space (positive values are leading, negative values are lagging; see Annex F
for the detailed definition).

The start-time offset of the erase level AdT} is expressed as a fraction of the actual channel
bit clock period, as a signed two’s-complement binary number w, such that:

AdT,
Ty

Athop
w =32 x — (-8 <w<7) for Byte 92 to 97 and 98 (msb 4 bits).

w =32 x (=24 < w < 15) for Byte 90 and 91;

AL
vV

Table 5 — Dependence of the dT value for each mark

Mark
Succeeding space Z_M
Preceding space 3M 4M >5M
28 23S

2S
3S w
4S

>5S e

the dependence of the dT; value for each markthat is going to be written, on the preceding

n_n

and succeeding spaces. The area denoted by "e" accommodates the anchor values and the area dgnoted

by "w" includ¢

w

e

See E.2.

Byte 90:

Byte 91:

Byte 92:

110

TH
TH

s the offset values as follows:

e area with this pattern includes the offset values, which are represented by "w".

e area with this pattern includesthe anchor values, which are represented by "e". The
vallue "u = w + " shall satisfy -48.< u < 30.

The first 6 bits (bits b, to b,) of this byte shall specify the start-time offset of th¢ erase
level for recording marks of run-length 2T with a succeeding 2T space and a prefceding
2T space. In sase this byte applies, the anchor position is specified in byte 59 (d7} for a
2T markwith a preceding 2T space and a succeeding 25T space).

The last 2 bits (bits by to by) of this byte shall be reserved.

The'first 6 bits (bits b, to b,) of this byte shall specify the start-time offset of th¢ erase

level for recording marks of run-length 2T with a succeeding 2T space and a prefceding
23T space. In case this byte applies, the anchor position is specified in byte 60 (dT for
a 2T mark with a preceding 23T space and a succeeding 25T space).

The last 2 bits (bits b; to b)) of this byte shall be reserved.

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the erase
level of the multi-pulse train for recording marks of run-length 3T with a succeeding 2T
space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte 61
(dT for a 3T mark with a succeeding =5T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset of the suc-
ceeding erase level of the multi-pulse train for recording marks of run-length 4T with a
2T space. In case these bits (bits bs to b,) apply, the anchor position is specified in byte
62 (dTg for a 4T mark with a succeeding >5T space).
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The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the erase
level of the multi-pulse train for recording marks of run-lengths 25T with a succeeding
2T space. In case these bits (bits b; to b,) apply, the anchor position is specified in byte
63 (dT§ for a 25T mark with a succeeding 25T space).

The last 4 bits (bits b; to by) of this byte shall specify the start-time offset of the erase
level for recording marks of run-length 2T with a succeeding 3T space and a preceding
2T space. In case these bits (bits b to by) apply, the anchor position is specified in byte
59 (dTg for a 2T mark with a preceding 2T space and a succeeding >5T space).

The first 4 bits (bits b, to by,) of this byte shall specify the start-time offset of the erase
level for recording of marks of run-length 2T with a succeeding 3T space and a preceding

Byt

Byt

Byt

b O5:

b 96:

p 97:

>3T space. In case these bits (bits b, to b,) apply, the anchor position is sp
60 (dTg for 2T mark with a succeeding 25T space and a preceding 23T |sp

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offs
level of the multi-pulse train for recording marks of run-length3’Fwith a

space. In case these bits (bits b; to by) apply, the anchor position is specif
(dTg for a 3T mark with a succeeding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specifythe start-time offs
level of the multi-pulse train for recording marks ¢f yun-length 4T with a

bcified in byte
ice).
bt of the erase

ucceeding 3T
ied in byte 61

bt of the erase
ucceeding 3T

space. In case these bits (bits b, to b,) apply, the-anchor position is speciffied in byte 62

(dTg for a 4T mark with a succeeding 25T space).

The last 4 bits (bits b; to by) of this byte-shall specify the start-time offs
level of the multi-pulse train for recording marks of run-lengths 25T with
3T space. In case these bits (bits b; to.b,) apply, the anchor position is sp4
63 (dTg for 2 a 5T mark with a succeeding >5T space).

The first 4 bits (bits b, to b,)ef this byte shall specify the start-time offs
level for recording marks ofirun-length 2T with a succeeding 4T space an
2T space. In case these bits'(bits b, to b,) apply, the anchor position is spf
59 (dTg for a 2T markewith a succeeding 25T space and a preceding 2T sp

The last 4 bits (bits-b; to by) of this byte shall specify the start-time offs
level for recording marks of run-length 2T with a succeeding 4T and a

et of the erase
a succeeding
pcified in byte

bt of the erase
d a preceding
pcified in byte
hce).

bt of the erase
receding 23T

space. In case these bits (bits b to b) apply, the anchor position is speciffied in byte 60

(dTg for a2T mark with a preceding 23T space and a succeeding 25T spag

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offs
level'of the multi-pulse train for recording marks of run-length 3T with a

space. In case these bits (bits b, to b,) apply, the anchor position is specif
(dTg for a 3T mark with a succeeding 25T space).

The last 4 bits (bits b; to by) of this byte shall specify the start-time offs
level of the multi-pulse train for recording marks of run-length 4T with a

e).

bt of the erase
bucceeding 4T
ied in byte 61

bt of the erase
bucceeding 4T

space. In case these bits (bits bs to by) apply, the anchor position is specified in byte 62

(dTg for a 4T mark with a succeeding 25T space).

Byte 98 (msb 4 bits):

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the erase
level of the multi-pulse train for recording marks of run-lengths 25T with a succeeding
4T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte
63 (dTg for a 25T mark with a succeeding >5T space).

Byte 98: (Isb 4 bits):
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Reserved

These bits shall be set to 0000.

Byte 99: Reserved
This byte shall be set to 00h.

Bytes 100 to 111: DI unit footer

See 15.8.3.2.

15.8.3.4 Defrwwwwmw@i
The content of the body of DI units according to format 5 shall be as depicted in Figure 80.

112
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Byte number Content Nuél:, kt)g of
0to7 DI-Unit header 8
8to 10 BD layer type identifier 3
11 Disk size/Class/Version 1
12 BD structure 1
13 Channel-bit length 1
14 Push-pull polarity flag bits 1
15 Recorded mark polarity flag bits 1
16 BCA descriptor 1
17 to 18 Reserved D
19 to 26 Data zone allocation 8
27 Reserved 1
28to 29 Recording velocity D
30 Maxir_num dc read powers at the nominal recording 0
velocity
31 Maxim}lm HF-mpdulated read powers at the nominal n
recording velocity
32 Reserved 1
33to41 Write power settings D
42 Typ write multi-pulse duration 1
43 to 47 dT,,, first write-pulse start time b
48 to 52 T\, first write-pulse duration b
53to 54 dT,p last-write pulse starttime D
55to0 56 T, p last-pulse duration D
57to 61 dTy start time of the erase level b
62 Reserved 1
7?3(;?512%1?&) AdT,,, first write-pulse start time offset 9,5
7a1ngs7bzl%[:17t§) AT, firstwrite-pulse duration offset 1,5
79 to 81 AdT, plast-pulse start time offset 3
82 to 84 AT}y last-pulse duration offset 3
85 to 92 ar}d AdTy start time offset of the erase level 4,5
93 (msb 4 bits) E ’
93 (Isb 4.bits ) | Reserved d,5
94 10 99 Reserved b
100.t0 111 DI-unit footer 12

Figure 80 — Content of disk information for DI format 5

Bytes 0 to 1: DI identifier
See 15.8.3.2.
Byte 2: DI-format number
This byte shall be set to 05h for the disks with BCA code.
This byte shall be set to 85h for the 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:

Byte 5:

Byte 6:

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 5Eh indicating that the first 94 bytes of the DI unit are
used and that there is no continuation in the next DI unit. All remaining bytes of
the DI unit body (excluding the bytes in the DI unit footer) are unused and shall be

set to 00h.

Byte 7:

Bytes 8 to 10:

Byte 11:

Bits b7 toH 6-

Bits bg to R,

Bits b to Hj:

o

Byte 12:

Bits b, to H,:

Bits b to Hj:

o

Byte 13:

-

Reserved
See 15.8.3.2.

BD layer type identifier

These three bytes identify the type of the BD layer to which this DI unit app
and shall be set to 42 44 57h, representing the characters “BDW” in each rey
ble layer.

Disk size/Class/Version

These 2 bits specify the disk size. They shall be set to 00, indicating a 120 m
disk.

These 2 bits specify the class number. The’class number identifies BD layers
same layer type but with different basicspecifications.

BD layers according to this document shall have these bits set to 01.

Drives not familiar with a particular class of layers should not access the da
zone of such layers (neither for‘reading, nor for writing).

These 4 bits specify the version number. They shall be set to 0011, indicating
according to this document.

BD structure

These 4 bitsspecify the total number of BD recording/recorded layers on th
These bits:shall be set to 0011, indicating 3 recording layers.

These bits specify the type of BD recording/recorded layer to which this
applies: Bits b; to b, shall be set to 0100, indicating a rewritable recording

Channel bit length

ies

vrita-

m

of the

a

a layer

e disk.

DI unit
hyer.

Bits b, to b:

Bits b3 to bo:

Byte 14:

114

These 2 bitsshalt be setto 0000

These 4 bits specify the main data channel bit length, which shall be the same on all

BD recording layers.
They shall be set to as follows:
0000, reserved;
0101, indicating a channel bit length of 55,87 nm (33,4 Gbyte per layer);

Others: reserved.

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.
For this document, this byte shall be set to 00h.
Byte 15: Recorded mark polarity flag bits
Bit p; Each bit b, shall specify the polarity of recorded marks on recording Jayer Li.
They shall be set to as follows:
ZERO, indicating a layer type on which recorded matKs hlave a lower
reflectivity than the unrecorded layer (HTL disks);
ONE, indicating a layer type on which recordeéd marks hgve a higher
reflectivity than the unrecorded layer;
For recording layers that are not present, bit b; shall be set to ZERO;
For this document, this byte shall be set to 00h.
Byte 16: BCA descriptor

Bitg b, to by:

Bitg b; to by:

Bytes(17 to 18:

Bytes|19 to 26:

Bytles 19 to 22;

These 4 bits shall be reserved.

These 4 bits indicate the presence of a BCA code on this disk:
They shall be set to as follows:

0000: indicating no BGA'code;

0001: indicating BEA code is present;

Others: reserved)

Reserved
These bytes shall be set to all 00h.

Datazone allocation

These bytes shall specify the first physical ADIP address of the data zone of the
related layer.

In each DI unitrelating to layer L0, these bytes shall be set to 00 02 00 §Oh indicating
PAA 131 072 as the first PAA of data zone 0.

hreachBHomnitt c‘latiug to ]1a_y51 Etthese b_ytca shattbe—settoavatue FAA, which
shall be 00 5E EC 80h for a disk with a user data capacity of 33,4 Gbyte per layer,
indicating PAA 6 220 928 for 33,4 Gbyte per layer as the first PAA of the data zone 1.

In each Dl unitrelating to layer L2, these bytes shall be set to 00 82 00 00h indicating
PAA 8 519 680 as the first PAA of the data zone 2.
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Bytes 23 to 26:

Byte 27:

Bytes 28 to 29:

Bytes 28 t¢ 29:

Byte 30:

NOTE 1

power can be n

Byte 31:

NOTE 2

116

For

These bytes shall specify the last physical ADIP address of the data zone of the
related layer.

In each DI unit relating to layer L0, these bytes shall be set to a value LAA, which
shall be 00 21 13 7Eh for a disk with a user data capacity of 33,4 Gbyte per layer,
indicating PAA 2 167 678 for 33,4 Gbyte per layer as the last PAA of the data zone 0.

In each DI unitrelating to layer L1, these bytes shall be set to 00 7D FF FEh indicating
PAA 8 257 534 as the last PAA of the data zone 1.

In each DI unitrelating to layer L2, these bytes shall be set to the value LAA + 00 80 00 00h,
which shall be 00 A1 13 7E h for a disk with a user data capacity of 33,4 Gbyte per
layer, indicating PAA 10 556 286 for 33,4 Gbyte per layer as the last PAA of the data

aximum HF-modulated read powers at the nominal recording velocity

zone 2.

Reserved

This byte shall be set to 00h.

Recording velocity

These bytes shall specify the nominal recording velocity,6,be used with the param-

eters as defined in this DI unit, as a 2-byte binary number (byte 28 is MSB).

It shall specify the nominal recording velocity as andmber n such that:
n=100xV

n shall be equal to 02 E2h to indicate a nominal recording velocity of 7,38 m/s.
Maximum dc read power at the nominal recording velocity

The maximum read power is defined as the maximum optical power to whigh this
DI unit applies on the entrancesurface of the disk, at which at least 10° sucg¢essive
reads can be applied withou®degrading the recorded signals (see 30.7). Maximum
read powers in this clauseshall be greater than or equal to the read powers defined
in 30.7. By default, the powers defined in 30.7 shall be used.

This byte shall spegify the dc read power P, at a readout velocity equal to thp nom-
inal recording vélocity, in milliwatts, defined in bytes 28 and 29 of this DI urlit. The
decimal expression of this byte is as follows:

n=100% P,

reading at lower speeds than the nominal velocity specified in this DI unit, a reduction of the read
ecessary téguarantee the stability of recordings on the disk.

DI unit

applies on the entrance surface of the disk, at which at least 10° successive reads can be

applied without degrading the recorded signals (see 30.7). Maximum read powers in this
clause shall be greater than or equal to the read powers defined in 30.7. By default, the
powers defined in 30.7 shall be used.

This byte shall specify the maximum HF-modulated read power P.. at a readout velocity
equal to the nominal recording velocity, in milliwatts, defined in byte 28 and 29 of this DI
unit. The decimal expression of this byte is as follows:

n=100x P,

For reading at lower speeds than the nominal velocity specified in this DI unit, a reduction of the read
power can be necessary to guarantee the stability of recordings on the disk.
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Byte 32: Reserved
This byte shall be set to 00h.

Bytes 33 to 41: Write power settings

Bytes 33 to 34: Pynp: Piyp can be used as a starting value for the determination of Py, 4 in the
OPC procedure (see Annex G for the detailed procedure).

These bytes shall specify the indicative value Pjyp of Pi,p4e in milliwatts, as a
number n such that:

n=20x Pp
where bit b, of byte 33 is the MSB and bit b, of byte 34 is the LSB.

Byte 35: Myyp: Myyp can be used as a starting value for the determination df Py, in the
OPC procedure (see Annex G for the detailed procedure).

This byte shall specify the modulation at Py as detexmined by tHe media man-
ufacturer as a number n such that:

n =200 x myyp.

Byte 36: p: This byte shall specify the write powermultiplication factor p uyed in the OPC
algorithm (see Annex G for the detailed procedure) as a number n|such that:
n=100xp
Byte 37: ggw: This byte shall specify the'write bias/write peak power ratio g, used in the

OPC algorithm (see Annex G for the detailed procedure) as a numbgr n such that:

n= 200 XSBW

Byte 38: £c: This byte shall specify the cooling/write peak power ratio £ uged in the OPC
algorithm (see Antféx G for the detailed procedure) as a number n|such that:
n=200 x g
Byte 39: £g: This'byte shall specify the erase/write peak power ratio ¢ uged in the OPC
algorithm (see Annex G for the detailed procedure) as a number n|such that:
e 200 x g
Byte 40: k: This byte shall specify the target value for k used in the OPC procedure
(see Annex G for the detailed procedure) as a number n such that:
n=20xk
Byte 44: This byte shall be reserved.
Byte 42: Typ write multi-pulse duration

This byte specifies the duration of the second and subsequent pulses of the mul-
ti-pulse train, in the extended N/2 write strategy, for recording marks (see Annex F
for the detailed definition).

The first 6 bits (bits b, to b,) of this byte shall specify the fraction of the actual
channel bit clock period, as an unsigned binary number p, such that:

T,
p:32x% (0<p<62)

w
The last 2 bits (bits b; to b)) of this byte shall be reserved.
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Bytes 43 to 61:

Bytes 43 to 47:

In these bytes, anchor position or duration time is defined for dT,,, Trops dTp,
T;p and dTg. Anchor position means the leading edge position of each wrlte pulse
(see Figure F.3). Regarding the duration time, anchor is specified in a similar way:.

dTy,p

The first 6 bits (bits b; to b,) of these bytes specify the start time of the first
pulse, of the multi-pulse train, in the extended N/2 write strategy, for recording
of marks with run-lengths 2T, 3T, [4T,6T,8T], and [5T,7T,9T] with a preceding 25T
space (positive values are leading, negative values are lagging; see Annex F for
the detailed definition).

'I"Lanni—n dca ctart 3 e dT IGasanra. Ar\nr\‘:v‘r\ ction nf+hn Sckal kar nelblt

first-write-pulse start time

Byte 43:

Byte 44:

Byte 45:

Byte 46:

Byte 47:

Bytes 48 to 32:

l.;u SToSTaT COTIC U T Ty T CAPT esSeaasatt OTT FEtHaT€f

clock period, as a signed two’s-complement binary number a, such that:

dT
a=32x —2 (=32 <q<30)
w

The last 2 bits (bits b; to b)) of these bytes shall be reserved.

This byte shall specify the start time of the pulse for recording marks of runflength
2T with a succeeding 2T space, relative to the trailing-edge of the first channel
bit of the data pulse (positive values are leading).negative values are 1dgging;
see Annex F for the detailed definition).

This byte shall specify the start time of the pulse for recording marks of runjlength
2T with a succeeding 23T space, relative.to the trailing edge of the first channel
bit of the data pulse (positive values are leading, negative values are ldgging;
see Annex F for the detailed definition).

This byte shall specify the starttime of the first pulse, of the multi-pulse trjin, for
recording marks of run-length 3T, relative to the trailing edge of the first channel
bit of the data pulse (pogsitive values are leading, negative values are 1dgging;
see Annex F for the detailed definition).

This byte shall specify the start time of the first pulse, of the multi-pulsg train,
for recording marks of run-lengths [4T, 6T, 8T], relative to the trailing edg¢ of the
first channel bit'of the data pulse (positive values are leading, negative valfies are
lagging; see.Annex F for the detailed definition).

This byte shall specify the start time of the first pulse of the multi-pulse trfain for
recording marks of run-lengths [5T, 7T, 9T], relative to the trailing edged of the
first channel bit of the data pulse (positive values are leading, negative [values
are lagging; see Annex F for the detailed definition).

Tiop first-write-pulse duration

Byte 48:

118

The first 7 bits (bits b, to b) of these bytes specify the duration of the first pulse
of the multi-pulse train, in the extended N/2 write strategy, for recording marks
with run-lengths 2T, 3T, [4T, 6T, 8T], and [5T, 7T, 9T] with a preceding = 5T space
(see Annex F for the detailed definition).

These bytes shall specify a fraction of the actual channel bit clock period, as an
unsigned binary number b, such that:

Ttop

b=32x (0<b<92)

w
The last bit (bit b)) of these bytes shall be reserved.

This byte shall specify the duration of the pulse for recording marks of run-length
2T with a succeeding 2T space (see Annex F for the detailed definition).
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Byte 50:

Byte 51:

Byte 52:
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This byte shall specify the duration of the pulse for recording marks of run-length
2T with a succeeding 23T space (see Annex F for the detailed definition).

This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording marks of run-length 3T (see Annex F for the detailed definition).

This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording marks of run-lengths [4T, 6T, 8T] (see Annex F for the detailed definition).

This byte shall specify the duration of the first pulse, of the multi-pulse train, for
recording marks of run-lengths [5T, 7T, 9T] (see Annex F for the detailed definition).

Bytes|53 to 54:

Byte 53:

Byte 54:

Bytes|55 to 56:

dT;p last-write-pulse start time

The first 6 bits (bits b, to b,) of these bytes specify the start time&o
of the multi-pulse train, in the extended N/2 write strategy, for reg
with run-lengths [4T, 6T, 8T] and [5T, 7T, 9T] with a succeeding =
itive values are leading, negative values are lagging; see'Annex F fg
definition).

The last-pulse start time dT p is expressed as dfraction of the acty
clock period, as a signed two’s-complementbinary number ¢, suchl

dTip
c=32x —— (-30=<c<30)
Ty
The last 2 bits (bits b; to b) of thiese bytes shall be reserved.

This byte shall specify the start time of the last pulse of the multi-

the last pulse
ording marks
T space (pos-
r the detailed

al channel bit
that:

bulse train for

recording marks of run-lengths [4T, 6T, 8T] relative to the leadig edge of the

last channel bit of the data’pulse (positive values are leading, negat
lagging; see Annex F for the detailed definition).

This byte shall specify the start time of the last pulse of the multi-

ive values are

bulse train for

recording marRs of run-lengths [5T, 7T, 9T] relative to the leading edge of the

last channelbit of the data pulse (positive values are leading, negat
lagging;'se€ Annex F for the detailed definition).

T, plast-pulse duration

The first 6 bits (bits b, to b,) of these bytes specify the last-pulse
multi-pulse train, in the extended N/2 write strategy, for recordir
run-lengths [4T,6T,8T] and [5T,7T,9T] with a succeeding 25T spac
for the detailed definition).

These bytes shall specify a fraction of the actual channel bit clocK
unsigned binary number d, such that:

ive values are

length, of the
g marks with
 (see Annex F

period, as an

Byte 55:

Byte 56:

1
d=32x 2 (0<d<62)
Ty
The last 2 bits (bits b; to by) of these bytes shall be reserved.

This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording marks of run-lengths [4T, 6T, 8T] (see Annex F for the detailed definition).

This byte shall specify the duration of the last pulse, of the multi-pulse train, for
recording marks of run-lengths [5T, 7T, 9T] (see Annex F for the detailed definition).
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Bytes 57 to 61:

dTy start time of the erase level

The first 7 bits (bits b, to b;) of these bytes specify the start time of the erase
level, in the extended N/2 write strategy, for recording marks with run-lengths
2T, 3T, [4T, 6T, 8T], and [5T, 7T, 9T] with a succeeding 25T space (positive values
are leading, negative values are lagging; see Annex F for the detailed definition).

The start time of the erase level dT} is expressed as a fraction of the actual chan-
nel bit clock period, as a signed two’s-complement binary number e, such that:

dTg
e=32x (-62<e<30)
Ty

Byte 57:

Byte 58:

Byte 59:

Byte 60:

Byte 61:

Byte 62:

Bytes 63 ta

93

I'he last bit (bit b,) of these bytes shall be reserved.

This byte shall specify the start time of the erase level for recording marks of
run-length 2T with a preceding 2T space, relative to the trailing-edge of the last
channel bit of the data pulse (positive values are leading, negative valyes are
lagging; see Annex F for the detailed definition).

This byte shall specify the start time of the erase leyel for recording marks of
run-length 2T with a preceding 23T space, relative ta\the trailing edge of the last
channel bit of the data pulse (positive values aré leading, negative valyes are
lagging; see Annex F for the detailed definition).

This byte shall specify the start time of the@rase level, of the multi-pulse trhin, for
recording marks of run-length 3T, relative)to the trailing edge of the last channel
bit of the data pulse (positive values dre leading, negative values are 1dgging;
see Annex F for the detailed definition).

This byte shall specify the starttime of the erase level, of the multi-puls¢ train,
for recording marks of run-lengths [4T, 6T, 8T], relative to the trailing edg¢ of the
last channel bit of the datapulse (positive values are leading, negative valjies are
lagging; see Annex F forthe detailed definition).

This byte shall specify the start time of the erase level, of the multi-puls¢ train,
for recording marKs of run-lengths [5T, 7T, 9T], relative to the trailing edg¢ of the
last channel bitof the data pulse (positive values are leading, negative valjies are
lagging; see.Annex F for the detailed definition).

Reserved
This byte shall be set to 00h.

In these bytes, A is defined as the offset from the anchor position or duratign time
which is specified from bytes 43 to 61.

ration
time, offset is specified in a similar way (see Figure F.3 for the detailed definition).

Bytes 63 to 70 and 71 (msb 4 bits): AdT,,, first-write-pulse start-time offset

120
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These bytes specify the leading edge offset of the first pulse of the multi-pulse
train, in the extended N/2 write strategy, for recording marks with run-lengths 2T,
3T, [4T, 6T, 8T], and [5T, 7T, 9T] with a preceding 2T, 3T, or 4T space (see Annex F
for the detailed definition).

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

Table
preced
aread

See F.3.

Byt

f

Byt

b 63:

b 64/

Athop
f=32x ———— (=32 < f<30) for byte 63 and 64;
A\
Atho
f: 32 x 0P (—R <f< 7) for bvte 65 to 70 and 71 (mqh 4 hi‘rq)
TW
Table 6 — Dependence of the thop value for each mark
Mark
2M
Preceding space -
Succeeding space 3M 4,6,8M 5,7,9M
2S =3S
2S
3S f
4S
>5S a

b shows the dependence of the dT,,, valuéifor each mark that is going to be written, on the

n_n

ing and succeeding spaces. The area derdted by "a" accommodates the anchor vfalues and the
enoted by " f" includes the offset values’as follows:

The area with this pattern includes the offset values, which are represented by " f".

n_n

The area with this pattern‘includes the anchor values, which are represented by "a".
The value "i = f+ a " shall satisfy -28 < i < 30.

The fitsy'6 bits (bits b, to b,) of this byte shall specify the start-time offspt of the pulse
for re¢ording marks of run-length 2T with a preceding 2T space and a gucceeding 2T
space. In case this byte applies, the anchor position is specified in byte #3 (dT;,, for a
2T mark with a preceding 25T space and a succeeding 2T space).

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 specify the start-time offsgt of the pulse

for recording marks of run-length 2T with a preceding 2T space and a succeeding 23T
space. In case this byte applies, the anchor position is specified in byte 44 (dT;,, for a
2T mark with a preceding 25T space and a succeeding 23T space).

The last 2 bits (bits b; to by) of this byte shall be reserved.
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Byte 65:

Byte 66:

Byte 67:

Byte 68:

Byte 69:

Byte 70:

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the first
pulse of the multi-pulse train for recording marks of run-length 3T with a preceding
2T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte
45 (dTy,p, for a 3T mark with a preceding 25T space).

The last 4 bits (bits b to by) of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 6T, 8T] with a
preceding 2T space. In case these bits (bits b to b,) apply, the anchor position is spec-
ified in byte 46 (dT,, for a [4T, 6T, 8T] mark with a preceding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the first
pulse of the multi-pulse train for recording marks of run-lengths [5T, 7T, 9T] with a

preceding 2T space. In case these bits (bits b, to b,) apply, the anchor position if spec-
ified in byte 47 (dT,,, for a [ST, 7T, 9T] mark with a preceding 25T space).

The last 4 bits (bits bs to by) of this byte shall specify the start-time offsetof th¢ pulse
for recording marks of run-length 2T with a preceding 3T space and @succeedipg a 2T
space. In case these bits (bits b; to by) apply, the anchor position is-specified in hyte 43
(dTi,p, for a 2T mark with a preceding 25T space and a succeeding2T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the¢ pulse
for recording marks of run-length 2T with a preceding 3T\space and a succeedihg 23T
space. In case these bits (bits b, to b,) apply, the ancherposition is specified in Hyte 44
(dTiop for a 2T mark with a preceding 25T space and\a succeeding 23T space).

The last 4 bits (bits b to by) of this byte shalLspecify the start-time offset of the first
pulse, of the multi-pulse train, for recordingmarks of run-length 3T with a prefceding
3T space. In case these bits (bits b; to by) apply, the anchor position is specified n byte
45 (dTy,p, for a 3T mark with a preceding=5T space).

The first 4 bits (bits b, to b,) of thisbyte shall specify the start-time offset of the first
pulse, of the multi-pulse train, foftrecording marks of run-lengths [4T, 6T, 8T][with a
preceding 3T space. In case these bits (bits b, to b,) apply, the anchor position is spec-
ified in byte 46 (dT,, for a [4T, 6T, 8T] mark with a preceding 25T space).

The last 4 bits (bits b3 toth) of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse train, for recording marks of run-length [5T, 7T, 9T] [with a
preceding 3T space. case these bits (bits bs to by) apply, the anchor position if spec-
ified in byte 47(dT;,, for a [ST, 7T, 9T] mark with a preceding =5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of th¢ pulse
for recording marks of run-length 2T with a preceding 4T space and a succeeding 2T
spaceilircase these bits (bits b; to b,) apply, the anchor position is specified in hyte 43
(dTigpfor a 2T mark with a preceding 25T space and a succeeding 2T space).

The last 4 bits (bits bs to by) of this byte shall specify the start-time offset of th¢ pulse
for recording marks of run-length 2T with a preceding 4T space and a succeeding 23T

space. In case these bits (bits b; to b,) apply, the anchor position is specified in byte 44
(dTiop for a 2T mark with a preceding 25T space and a succeeding 23T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse train, for recording marks of run-length 3T with a preceding
4T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte
45 (dTy,p, for a 3T mark with a preceding 25T space).

The last 4 bits (bits b to by) of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 6T, 8T] with a
preceding 4T space. In case of these bits (bits b; to b)), the anchor position is specified
in byte 46 (dT,, for a [4T, 6T, 8T] mark with a preceding 25T space).

Byte 71 (msb 4 bits):
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The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the first
pulse, of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] with a
preceding 4T space. In case these bits (bits b; to b,) apply, the anchor position is spec-
ified in byte 47 (dT,,, for a [5T, 7T, 9T] mark with a preceding 25T space).

71 (Isb 4 bits) and 72 to 78: AT, first-write-pulse duration offset

These bytes specify the duration offset of the first pulse, of the multi-pulse train, in
the extended N/2 write strategy, for recording marks with run-lengths 2T, 3T, [4T, 6T,
8T], and [5T, 7T, 9T] with a preceding 2T, 3T, or 4T space (see Annex F for the detailed

definition).

Table 7
and sy

by n(gn

See EF.3.

Byt

two’s-complement binary number g, such that:

ATtop

g=32x (-8<g<7)

w

Table 7 — Dependence of the T, value for each mark

Mark
Preceding space Z_M
Succeeding space 3M 4,6,8M 5,7,9M
28 23S

2S

3S g

4S
>5S b

cceeding spaces. The area denoted by "b" accommodates the anchor values and the
ncludes the offset values as. follows:

The value {j=g + b" shall satisfy 0 < j < 92.

e 71 (Isb4/bits):

These bytes shall specify a fraction of the actual channel bit clock peridd, as a signed

| shows the dependence of the T, vdlue for each mark that is going to be written, onfthe preceding

area denoted

g The area with this pattern includes the offset values, which are represented py "g".
The area with'this pattern includes the anchor values, which are represented by "b".

The last 4 bits (bits b; to b)) of this byte shall specify the duration offset of the pulse

forrecording marks of run.lenath 2T szith o nrnrnr]ing 2T space-and a succeeding

o o r
2T space (see Annex F for the detailed definition). In case these bits (bits b; to b))
apply, the anchor duration time is specified in byte 48 (Tiop for a 2T mark with a
preceding 25T space and a succeeding 2T space).
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Byte 72:

Byte 73:

Byte 74:

Byte 75:

Byte 76:

124

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the pulse
for recording marks of run-length 2T with a preceding 2T space and a succeeding
>3T space (see Annex F for the detailed definition). In case these bits (bits b, to b,)
apply, the anchor duration time is specified in byte 49 (T;,, for a 2T mark with a
preceding >5T space and a succeeding =3T space).

The last 4 bits (bits b to b)) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording marks of run-length 3T with a preced-
ing 2T space (see Annex F for the detailed definition). In case these bits (bits b; to
by) apply, the anchor duration time is specified in byte 50 (T, for a 3T mark with a
preceding 25T space).

The first 4 bits (bits by to b,) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 6T/8T][with a
preceding 2T space (see Annex F for the detailed definition). In case these bi{s (bits
b; to b,) apply, the anchor duration time is specified in byte 51 (T;,, fora [4T, $T, 8T]
mark with a preceding 25T space).

The last 4 bits (bits bs to b)) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording of marks of run‘lengths [5T, 7T, 9T] with
apreceding 2T space (see Annex F for the detailed definition). In case these bifs (bits
b3 to by) apply, the anchor duration time is specified.in byte 52 (T, for [ST, T, 9T]
mark with a preceding 25T space).

The first 4 bits (bits b, to b,) of this byte shallgpecify the duration offset of the pulse
for recording marks of run-length 2T withé)preceding 3T space and a succpeding
2T space (see Annex F for the detailed definition). In case these bits (bits b to b,)
apply, the anchor duration time is specified in byte 48 (T,,, for a 2T markwith a
preceding 25T space and a succeeding™2T space).

The last 4 bits (bits bs to b)) of thisbyte shall specify the duration offset of the pulse
for recording marks of run-length 2T with a preceding 3T space and a succpeding
>3T space (see Annex F for.the detailed definition). In case these bits (bits b{ to b))
apply, the anchor duration time is specified in byte 49 (T, for a 2T mark|with a
preceding 25T space and a succeeding 23T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording marks of run-length 3T with a greced-
ing 3T spage {see Annex F for the detailed definition). In case these bits (bifs b, to
b,4) apply; the anchor duration time is specified in byte 50 (T;,, for a 3T markjwith a
preceding >5T space).

Thedast 4 bits (bits bs to b)) of this byte shall specify the duration offset of the first
pulse of the multi-pulse train for recording marks of run-lengths [4T, 6T, 8T]fwith a
preceding 3T space (see Annex F for the detailed definition). In case these bi{s (bits
b; to by) apply, the anchor duration time is specified in byte 51 (T, for a [4T, ¢T, 8T]

top
Mark with a preceding =51 space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] with
a preceding 3T space (see Annex F for the detailed definition). In case of these bits
(bits by to b,), the anchor duration time is specified in byte 52 (T, for [ST, 7T, 9T]
mark with a preceding 25T space).

The last 4 bits (bits b; to b)) of this byte shall specify the duration offset of the pulse
for recording marks of run-length 2T with a preceding 4T space and a succeeding
2T space (see Annex F for the detailed definition). In case these bits (bits b; to b))
apply, the anchor duration time is specified in byte 48 (T;,, for a 2T mark with a
preceding >5T space and a succeeding 2T space).
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The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the pulse
for recording marks of run-length 2T with a preceding 4T space and a succeeding
23T space (see Annex F for the detailed definition). In case these bits (bits b, to b,)
apply, the anchor duration time is specified in byte 49 (T, for a 2T mark with a
preceding >5T space and a succeeding 23T space).

The last 4 bits (bits b to by) of this byte shall specify the duration offset of the first
pulse, of the multi-pulse train, for recording marks of run-length 3T with a preced-
ing 4T space (see Annex F for the detailed definition). In case these bits (bits b; to

b,) apply, the anchor duration time is specified in byte 50 (T},, for a 3T mark with a

top
preceding 25T space).

Bytf 78:

Bytes|79 to 81:

The first 4 bits (bits b, to b,) of this byte shall specify the duration eff]
pulse, of the multi-pulse train, for recording marks of run-lengths/[4T,
preceding 4T space (see Annex F for the detailed definition). Incase t
b to b,) apply, the anchor duration time is specified in byte 31Ty, fo
mark with a preceding 25T space).

The last 4 bits (bits b to b)) of this byte shall specify the duration off]
pulse of the multi-pulse train for recording marks,of run-lengths [5T,
preceding 4T space (see Annex F for the detailed'definition). In case t
b; to b) apply, the anchor duration time is spe€ified in byte 52 (Tiop fo
mark with a preceding 25T space).

AdT, p last-pulse start-time offset

These bytes specify the start-timecffset of the last pulse of the multi-
the N/2 write strategy, for recording marks with run-lengths [4T, 6T, 8
9T] with a succeeding 2T, 3T, 64T space (see Annex F for the detaile

The last-pulse start-time offset AdT) p is expressed as a fraction of the g
bit clock period, as a sigiied two’s-complement binary number h, such|

AT, ,
h=32x — L% (:§2h<7)

w

Table 8 — Dependence of the dT; value for each mark

Mark
Succeeding space
3M 4,6,8M 5,79M
2S
3S h
4S
>5S c

set of the first
6T, 8T] with a
hese bits (bits
a [4T, 6T, 8T]

et of the first
7T, 9T] with a
hese bits (bits
ra[5T,7T,9T]

pulse train, in
[]and [5T, 7T,
1 definition).

ctual channel
that:

Table 8 shows the dependence of the dT;p value for each mark that is going to be written, on the

n_n

preceding and succeeding spaces. The area denoted by "c" accommodates the anchor values and the
area denoted by "h" includes the offset values as follows.

h The area with this pattern includes the offset values, which are represented by "h".

The area with this pattern includes the anchor values, which are represented by "c". The
value "r=h + ¢" shall satisfy -30 < r < 30.

See E.3.

© ISO/IEC 2021 - All rights reserved

125


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

Byte 79:

Byte 80:

Byte 81:

Bytes 82 to §

The first 4 bits (bits b, to b,) of this byte specify the start-time offset of the last pulse, of
the multi-pulse train, for recording marks of run-lengths [4T, 6T, 8T] with a succeeding
2T space. In case these bits (bits b, to b,) apply, the anchor position is specified in byte
53 (dTp for a [4T, 6T, 8T] mark with a succeeding 25T space).

The last 4 bits (bits b; to by) of this byte shall specify the start-time offset of the last
pulse, of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] with a
succeeding 2T space. In case these bits (bits b; to b)) apply, the anchor position is spec-
ified in byte 54 (dT}p for a [5T, 7T, 9T] mark with a succeeding >5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the last
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 6T, 8T] with a

4

succeeding 3T space. In case these bits (bits b, to b,) apply, the anchor position ik spec-
ified in byte 53 (dTp for a [4T, 6T, 8T] mark with a succeeding 5T space),

The last 4 bits (bits b; to by) of this byte shall specify the start-time offset of the last
pulse, of the multi-pulse train, for recording marks of run-lengths [5T,-7T, 9T] [with a
succeeding 3T space. In case these bits (bits b; to b,) apply, the an¢hor position ik spec-
ified in byte 54 (dT}p for a [5T, 7T, 9T] mark with a succeeding =5T space).

The first 4 bits (bits b, to b,) of this byte shall specify the:start-time offset of the last
pulse of the multi-pulse train for recording marks of run-lengths [4T, 6T, 8T] with a suc-
ceeding 4T space. In case these bits (bits b, to b,) apply;the anchor position is sppcified
in byte 53 (dTp for a [4T, 6T, 8T] mark with a succe€ding >5T space).

The last 4 bits (bits b; to by) of this byte shall.sgecify the start-time offset of the last
pulse, of the multi-pulse train, for recording'marks of run-lengths [5T, 7T, 9T] [with a
succeeding 4T space. In case these bits (bits\bs to b)) apply, the anchor position i spec-
ified in byte 54 (dTp for a [5T, 7T, 9T] n¥ark with a succeeding >5T space).

AT p last-pulse duration offset

These bytes specify the durationoffset for the last pulse length of the multi-puls¢ train,
in the extended N/2 write strategy, for recording marks with run-lengths [4T, 6T, §T] and
[5T, 7T, 9T] with a succeeding’2T, 3T, or 4T space (see Annex F for the detailed definition).

These bytes shall specify'a fraction of the actual channel bit clock period, as a fsigned
two’s-complement binary number v, such that:

AT,
v=32x —LP-E8<v<7)
TW

Table 9 — Dependence of the T, value for each mark

. Mark
Succeeding space
4,6,8M 5,7,9M
25
3S v
4S8
>5S d

This table shows the dependence of the T|p value for each mark that is going to be written, on the
preceding and succeeding spaces. The area denoted by "d" accommodates the anchor values and the

non

area denoted by "v" includes the offset values as follows:

126

1%

d

non

The area with this pattern includes the offset values, which are represented by

V.

The area with this pattern includes the anchor values, which are represented by "d". The

value "s = v + d" shall satisfy 0 < s < 62.
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Byte 82:

Byt

Byt

Bytes

ISO/IEC 30193:2021(E)

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset of the last
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, 6T, 8T] with a
succeeding 2T space (see Annex F for the detailed definition). In case these bits (bits b,

to b,) apply, the anchor duration time is specified in byte 55 (T for a [4T,
with a succeeding =5T space).

The last 4 bits (bits b; to by) of this byte shall specify the duration offset of

, 6T, 8T] mark

the last pulse,

of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] with a succeed-
ing 2T space (see Annex F for the detailed definition). In case these bits (bits b; to b))
apply, the anchor duration time is specified in byte 56 (T} p for a [5T, 7T, 9T] mark with

p 83:

p 84

85 to 92 and 93 (msb, 4 bits): AdTy start-time offset of the erase level

a succeeding 25T space).

The first 4 bits (bits b, to b,) of this byte shall specify the duration offset o
of the multi-pulse train for recording marks of run-lengths [4T, 61,-8T] w|
ing 3T space (see Annex F for the detailed definition). In case these bits
apply, the anchor duration time is specified in byte 55 (T p for a [4T, 6T, §
a succeeding =5T space).

The last 4 bits (bits b to b)) of this byte shall specify the-duration offset of
of the multi-pulse train for recording marks of run-lengths [5T, 7T, 9T] w
ing 3T space (see Annex F for the detailed definition). In case these bits
apply, the anchor duration time is specified inthyte 56 (T p for a [5T, 7T, 9
a succeeding 25T space).

The first 4 bits (bits b, to b,) of this hyte shall specify the duration off]
pulse, of the multi-pulse train, for recording marks of run-lengths [4T, §
succeeding 4T space (see Annex F for the detailed definition). In case thes
to b,) apply, the anchor duratientime is specified in byte 55 (T p for a [4T]
with a succeeding 25T space).

The last 4 bits (bits b; to bg) of this byte shall specify the duration offset of]

the last pulse
ith a succeed-
[bits b, to b,)
T] mark with

the last pulse
ith a succeed-
bits b to b))
T] mark with

set of the last
T, 8T] with a
e bits (bits b,
6T, 8T] mark

the last pulse,

of the multi-pulse train, for recording marks of run-lengths [5T, 7T, 9T] wjith a succeed-

ing 4T space (see Annex F for the detailed definition). In case these bits
apply, the anchorduration time is specified in byte 56 (T p for a [5T, 7T, §
a succeeding 25T space).

Thesebytes specify the start-time offset of the erase level, in the exteng
strategy for recording marks with run-lengths 2T, 3T, 4T, and 25T with a
3T, or 4T space (positive values are leading, negative values are lagging; s
the detailed definition).

The start-time offset of the erase level AdT}, is expressed as a fraction of the

bits b to b))
T] mark with

led N/2 write
ucceeding 2T,
be Annex F for

hctual channel

hit clock neriod-as a siocned two’'s-comblement hinarv numhberw such that-
r Y ts) r J T .

AdTg
w =32 x (-24 < w < 15) forByte 85 and 86;
TW
AdT;
w =32 x T (-8 <w < 7) forByte 87 to 92 and 93 (msb 4 bits).
w
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Table 10 — Dependence of the dT value for each mark

Mark
Succeeding space Z_M
Preceding space 3M 4,6,8M 5,7.9M
28 23S

2S
3S w
4S

>5S e

Table 10 shoys the dependence of the dTg value for each mark that is going to be written*pn the

preceding angl succeeding spaces. The area denoted by "e
area denoted py "w" includes the offset values as follows:

w

e

See E.3.

Byte 85:

Byte 86:

Byte 87:

128

The area with this pattern includes the offset values, which are represénted by "w".

accommodates the anchor valueS and the

e area with this pattern includes the anchor values, which are repreSented by "e". The
lue "u = w + e" shall satisfy -62 < u < 30.

The first 6 bits (bits b, to b,) of this byte shall’specify the start-time offsef of the
erase level for recording marks of run-length 2T with a succeeding 2T spdce and
a preceding 2T space. In case this byte applies, the anchor position is spgcified
in byte 57 (dTy for a 2T mark withiapreceding 2T space and a succeedipg 25T
space).

The last 2 bits (bits b; to by):0f this byte shall be reserved.

The first 6 bits (bits b, to®,) of this byte shall specify the start-time offsef of the
erase level for recording marks of run-length 2T with a succeeding 2T spdce and
a preceding 23T spdce. In case this byte applies, the anchor position is spgcified
in byte 58 (dTg.for*a 2T mark with a preceding 23T space and a succeedipg 25T
space).

The last 2wbits (bits b, to by) of this byte shall be reserved.

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offsef of the
erase level of the multi-pulse train for recording of marks of run-length 3T with
asucceeding 2T space. In case of these bits (bits b, to b,), the anchor posftion is
specified in byte 59 (dTg for 3T mark with a succeeding 25T space).

The last 4 bits (bits b; to b,) of this byte shall specify the start-time offset of
the erase level of the multi-pulse train for recording marks of run-lengths [4T,

61, 8T With a succeeding 2T Space. Il case these bits (bits b; 1o byJapply, the
anchor position is specified in byte 60 (dT} for a [4T, 6T, 8T] mark with a suc-
ceeding =5T space).

© ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

Byte 88:

ISO/IEC 30193:2021(E)

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the
erase level of the multi-pulse train for recording marks of run-length [5T, 7T, 9T]
with a succeeding 2T space. In case these bits (bits b, to b,) apply, the anchor
position is specified in byte 61 (dTj for a [ST, 7T, 9T] mark with a succeeding
>5T space).

The last 4 bits (bits b; to b)) of this byte shall specify the start-time offset of
the erase level for recording marks of run-length 2T with a succeeding 3T space
and a preceding 2T space. In case these bits (bits b; to b)) apply, the anchor po-
sition is specified in byte 57 (dT for a 2T mark with a preceding 2T space and
a succeeding 25T space).

Bytf 89:

Byte 90:

Bytf 91:

The first 4 bits (bits b, to b,) of this byte shall specify the startjtime offset of
the erase level for recording marks of run-length 2T with a succegding 3T space
and a preceding 23T space. In case these bits (bits b; to by)-apply, the anchor

position is specified in byte 58 (dT} for a 2T mark with @succee
and a preceding 23T space).

The last 4 bits (bits b; to b)) of this byte shall specifythe start-tin

ing =5T space

e offset of the

erase level, of the multi-pulse train, for recording marks ofrun—leigth 3T witha

succeeding 3T space. In case these bits (bitssb3to by) apply, the a
is specified in byte 59 (dTg for a 3T mark with a succeeding 25T 5

The first 4 bits (bits b, to b,) of this-byte shall specify the start

chor position
pace).

time offset of

the erase level, of the multi-pulse £rain, for recording marks of run-lengths [4T,

6T, 8T] with a succeeding 3T spacge. In case these bits (bits b, to
anchor position is specified inbyte 60 (dT for a [4T, 6T, 8T] ma
ceeding =5T space).

The last 4 bits (bits b tdd,) of this byte shall specify the start-tin
erase level, of the multi-pulse train, for recording marks of run-lg

b,) apply, the
rk with a suc-

e offset of the
ngths [5T, 7T,

9T] with a succeedinig 3T space. In case of these bits (bits bs to Ij,) the anchor

position is specified in byte 61 (dTg for a [ST, 7T, 9T] mark with
=5T space).

The first'4 bits (bits b, to b,) of this byte shall specify the start
the erase level for recording marks of run-length 2T with a succes
and a preceding 2T space. In case these bits (bits b, to b,) app
position is specified in byte 57 (dTg for a 2T mark with a succee
and a preceding 2T space).

The last 4 bits (bits bs to b)) of this byte shall specify the start-tin
erase level for recording of marks of run-length 2T with a succed

a succeeding

time offset of
ding 4T space

. the anchor
ing =5T space

e offset of the
ding 4T and a

preceding 23T space. In case these bits (bits b5 to b,) apply, the anchor position

is specified in byte 58 (dT} for a 2T mark with a preceding 23T sp

ace and a suc-

ceeding =5T space).

Byte 92:

Byte 93 (msb, 4 bits):

The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of the
erase level of the multi-pulse train for recording marks of run-length 3T with a
succeeding 4T space. In case these bits (bits b, to b,) apply, the anchor position
is specified in byte 59 (dTg for a 3T mark with a succeeding =5T space).

The last 4 bits (bits b to b)) of this byte shall specify the start-time offset of
the erase level of the multi-pulse train for recording marks of run-lengths [4T,
6T, 8T] with a succeeding 4T space. In case these bits (bits b; to b) apply, the
anchor position is specified in byte 60 (dT} for a [4T, 6T, 8T] mark with a suc-
ceeding =5T space).
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The first 4 bits (bits b, to b,) of this byte shall specify the start-time offset of
the erase level of the multi-pulse train for recording marks of run-lengths [5T,
7T, 9T] with a succeeding 4T space. In case these bits (bits b, to b,) apply, the
anchor position is specified in byte 61 (dT for a [ST, 7T, 9T] mark with a suc-
ceeding =5T space).

Byte 93 (Isb, 4 bits): Reserved

These bits shall be set to 0000.

Bytes 94 to 99: Reserved
These hyfpc shallbe setto Q00h

Bytes 100 to(111: DI unit footer
See 15.8.3.2.
15.8.3.5 Defjnitions for DI format 6 (Extended N-1 write strategy and higher reading velocjty)

DI format 6 shall be used only with DI format 4. The content of the body of BY units according to DI
format 6 shall be as depicted in Figure 81.
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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 Read Transfer-Tate COTTESPONAING 0 MGer Teading 1
velocity
18 Reserved 1
19 to 26 Data-zone allocation 8
27 Reserved 1
28to 29 Recording velocities 2
30 Maximum dc read power at the read transfer_rate 1
corresponding to higher reading velocity
31 Maximum HF-modulateq read_ power at the re_ad 1
transfer rate corresponding to higher reading velocity
32 Reserved 1
33to41 Write-power settings 9
42 Typ write multi-pulse duration 1
43 to 47 dT,,, first-write-pulse start titite 5
48 to 52 T\, first-write-pulse duration 5
53 to 55 dT,p last-write-pulse start time 3
56 to 58 T, p last-pulse duration 3
59 to 63 dTy start time of.the erase level 5
64 Reserved 1
735(25'{)24%?& ) AdT,,, fitst*write-pulse start-time offset 8,5
1?131573%21%) ATy, first write-pulse duration offset 7,5
8%1(f§s§44i?t2 ) AdT, p last-pulse start-time offset 4,5
2?131;%%21;%) AT, p last-pulse duration offset 4,5
9%0(25?)74%?2 ) AdTy start-time offset of the erase level 8,5
e 55
99 Reserved
100to 111 DI-unit footer 12

Figure 81 — Content of disk information for DI format 6

Bytes0to 1,3 to 16,18 Each of these bytes shall be set to the same value as that of DI format 4 of this

to 29,32 to 111:

document.
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Byte 2:

Byte 17:

DI-format number

This byte shall be set to 06h, identifying a DI unitaccording to the description
in this 15.8.3.5.

Read transfer rate corresponding to higher reading velocity

This byte specifies the data transfer rate to define higher velocity for reading
than the nominal recording velocity, as a number n such that:

n = data transfer rate in M bit/s (n < 255: M = 10°)

In this document, n shall be set to 90h and referred as 4x reference velocity

Byte 30:

Byte 31:

inreadctahility (coo 20 7)
Heae-StaB ity D

Maximum dc read power at the read transfer rate corresponding to
higher reading velocity

The maximum read power is defined as the maximum optical)power tq which
this DI unit applies on the entrance surface of the disk, @ which at legst 106
successive reads can be applied without degrading the recorded gignals
(see 30.7). Maximum read powers in this clause shall\be greater than of equal
to the read powers defined in 30.7. By default, the'powers defined in 30|7 shall
be used. This byte shall specify the maximum-dctead power P, in milljwatts,
atthe read transfer rate corresponding to higher reading velocity. The decimal
expression of this byte is:

n=100x P,

NOTE1 For reading at lower velocities than the reading velocity specjfied in
this DI unit, a reduction of the read power can be necessary to guarantee stability
of the recordings on the disk.Read power at intermediate velocity can be obtained
with linear interpolation.

Maximum HF-modulated read powers at the read transfer rate corre-
sponding to higher reading velocity

The maximum'read power is defined as the maximum optical power tq which
this DI unjt'applies on the entrance surface of the disk, at which at lejst 106
successive-reads can be applied without degrading the recorded dignals
(see 30:Z). Maximum read powers in this clause shall be greater than ot equal
to thejread powers defined in 30.7. By default, the powers defined in 30|7 shall
beused. This byte shall specify the maximum HF-modulated read powgr P, in
milliwatts, at the read transfer rate corresponding to higher reading v¢locity.

The decimal expression of this byte is:
n=100x P,

NOTE 2 Eor reading at-lower velocitiesthan-the reading velocityv specified in
o t=] J r

this DI unit, a reduction of the read power can be necessary to guarantee stability
of the recordings on the disk. Read power at intermediate velocity can be obtained
with linear interpolation.

15.8.3.6 Definitions for DI format 7 (Extended N/2 write strategy and higher reading velocity)

DI format 7 shall be used only with DI format 5. The contents of the body of DI units according to DI
format 7 shall be as depicted in Figure 82.
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Byte number Content Nukr)nber of
ytes
0to7 DI-unit header )
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 Read transter rate corresponding to higher reading velocity 1
18 Reserved 1
19 to 26 Data-zone allocation 8
27 Reserved 1
28 to 29 Recording velocity 2
30 Maximum dc read power at the read transfer rate 1
corresponding to higher reading velocity
31 Maximum HF-modulated read power at the/fead transfer rate 1
corresponding to higher reading velocity
32 Reserved 1
33to 41 Write-power settings 9
42 Typ Write multi-pulse duration 1
43 to 47 thop first-write-pulse start time 5
48to 52 T\, first-write-pulse duration 5
53 to 54 dT,p last-write-pulse start time 2
55to 56 T, p last-pulse duratieh 2
57 to 61 dTy start time of erase level 5
62 Reserved 1
6 %r?slz(z}i)r:'(cjs; 1 AdT,,, first=write-pulse start-time offset 8,5
;ig%bzi(?l;g) AT, first-write-pulse duration offset 7,5
79 to 81 AdT,, last-pulse start-time offset 3
82 to 84 AT, p last-pulse duration offset 3
8 5(;?53241?25333 AdTy start-time offset of the erase level 8,5
93 (Isb’4 bits ) | Reserved 0.5
94 to 99 Reserved 6
100to 111 DI-unit footer 12

Figure 82 — Content of disk information for DI format 7

Bytes 0 to 1, 3 to 16, 18 Each of these bytes shall be set to the same value as that of DI format 5 of this
to 29,32 to 111: document.

Byte 2: DI-format number

This byte shall be set to 07h, identifying a DI unit according to the description
in this 15.8.3.6.
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Byte 17:

Byte 30:

Byte 31:

Read transfer rate corresponding to higher reading velocity

This byte specifies the data transfer rate to define higher velocity for reading

than the nominal recording velocity, as a number n such that:
n = data transfer rate in M bit/s (n < 255: M = 10°)

In this document, n shall be set to 90h and referred as 4x reference velocity in

read stability (see 30.7).

Maximum dc read power at the read transfer rate corresponding to higher

reading velocity

which

this DI unit applies on the entrance surface of the disk, at which atle
successive reads can be applied without degrading the recorded {
(see 30.7). Maximum read powers in this clause shall be greater than o
to the read powers defined in 30.7. By default, the powers defined in 30!
be used. This byte shall specify the maximum dc read power P, in mill

st 106
ignals
" equal
7 shall
watts,

atthe read transfer rate corresponding to higher reading’velocity. The decimal

expression of this byte is:
n=100x P,

NOTE1 Forreading at lower velocities than the-reading velocity specified
DI unit, a reduction of the read power can be necessary to guarantee stabilit
recordings on the disk. Read power at intermediate velocity can be obtaing
linear interpolation.

Maximum HF-modulated read-powers at the read transfer rate
sponding to higher reading velocity

The maximum read power‘is-defined as the maximum optical power to
this DI unit applies on the entrance surface of the disk, at which at le
successive reads can“be applied without degrading the recorded s
(see 30.7). Maximum read powers in this clause shall be greater than o
to the read powers'defined in 30.7. By default, the powers defined in 30|
be used. Thisbyte shall specify the maximum HF modulated read pows
milliwatts,\af the read transfer rate corresponding to higher reading v¢

The decimal expression of this byte is:
15100 x P,

NOTE 2  For reading at lower velocities than the reading velocity specified

DI unit, a reduction of the read power can be necessary to guarantee stabilit

recordings on the disk. Read power at intermediate velocity can be obtaing
linear interpolation.

in this
 of the
d with

corre-

which
st 100
ignals
requal
7 shall
rP,in
locity.

in this
 of the
d with

15.8.3.7 Write-strategy requirements

Disks according to this document shall contain at least one DI unit of DI format 4 or DI format 5 for
each recording layer as depicted in Figure 83. Additional DI units, containing alternative write strategy
parameter sets, may be added in order of preference. See Figure 77.
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DI unit according to DI unit according to
15.8.3.3 15.8.3.4
(DI format 4, (DI format 5,
extended N-1 write extended N/2 write
strategy) strategy)
for 2x recording velocity Optional? Optional?
3 At least one of these two shall be present.

Furthdrmore, DI units of DI format 6 and DI format 7 containing read power paramet
readinfg velocity, may be added (see Figure 84) in order of preference. See Figuré 77.

ers for higher

DI unit according to DI unitaccording to
15.8.3.5 15:8.3.6
(DI format 6, (D1 format 7,
extended N-1 write extended N/2 write
strategy and higher strategy and higher
reading velocity) reading velocity)
for 4x reading velocity Optional? Optional®
a Applicable only when DI format 4 is present
b Applicable only when DI format 5 is.present

Figure 84 — Write-strategy type (DI format 6 and 7) requirements

15.8.3.8 Usage of DI units

By usihg the concept of multiple:D1 units, identified by their DI-format number (byte 2),
facilitgtes the (future) use of disks for different recording velocities and with three or
layers)while keeping backwards compatibility in the best possible way.

Generally, each different recording velocity can need a different write strategy (di
paramleters), which'write strategy furthermore can depend on the applied technology.

Additipnally, each recording layer can a different set of values for the write strategy para

Byte 3|shall be set according to the specifications in 15.8.3.2.

he BD system
re recording

fferent set of

meters.

Byte 5shal be used according to the description im 15.8-3-2-

In this document, bytes 28 and 29 in all DI units are set to 02 E2h to indicate a nominal recording
velocity of 7,38 m/s (33,4 Gbyte per layer) for defining various parameters for 2x recording velocity,
and byte 17 in DI units of DI format 6 and DI format 7 is set to 90 h to indicate a data transfer rate of

143,860 Mbit/s for defining the read power parameters for 4x reading velocity.

Examples of those assignments is shown in Figure 85 and Figure 86.
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2x disk (TL) with 2x EX N-1& N/2 write strategy

Byte 2: DI-format number 4
Byte 3: # of DI's/L# 6/0
Byte 4: --- 00h
Byte 5: Sequence # 0
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 98:WS EX_N-1
Byte 2: DI-format number 5
Byte 3: # of DI's/1.# 6/0
Byte 4: --- 00h
Byte 5: Sequence # 1
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 93:WS EX N/2
Byte 2: DI-format number 4
Byte 3: # of DI's/L# 6/1
Byte 4: --- 00h
Byte 5: Sequence # 2
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 98:WS EX_N-1
Byte 2: DI-format number 5
Byte 3: # of DI's/L# 6/1
Byte 4: --- 00h
Byte 5:Sequence # 3
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 93:WS EX N/2
Byte 2: DI-format number 4
Byte 3: # of DI's/L# 6/2
Byte 4: --- 00h
Byte 5: Sequéence # 4
msb of byte 6: 0
Byte 28.£029: Velocity 2x
Byte42-to 98:WS EX N-1
Byte 2: DI-format number 5
Byte 3: # of DI's/L# 6/2
Byte4— 66t
Byte 5: Sequence # 5
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 93:WS EX N/2

Repeat

Figure 85 — Example of DI sequence for 2x disk (TL) with 6 DI units of DI format 4 and 5
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Byte 2: DI-format number 4
Byte 3: # of DI's/L# 12/0
Byte 4: --- 00h
Byte 5: Sequence # 0
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 98:WS EX N-1
Byte 2: DI-format number 5
Byte 3: # of DI's/L# 12/0
Byte 4: --- 00h
B_th 5. SCL{UCIILC # 1
msb of byte 6: 0
Byte 28 to 29: Velocity 2X
Byte 42 to 93:WS EX N/2
Byte 2: DI-format number 4
Byte 3: # of DI's/L# 12/1
Byte 4: --- 00h
Byte 5: Sequence # 2
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 98:WS EX N-1
Byte 2: DI-format number 5
Byte 3: # of DI's/L# 12/1
Byte 4: --- 00h
Byte 5: Sequence # 3
msb of byte 6: 0
Byte 28 to 29: Velocity 2X
Byte 42 to 93:WS EX N/2
Byte 2: DI-format number 4
Byte 3: # of DI's/L# 12/2
Byte 4: --- 00h
Byte 5:Sequence # 4
msb of byte 6: 0
Byte 28 to 29:-Velocity 2X
Byte 42 t0.98:WS EX N-1
Figure 86 —Example of DI sequence for 2x disk (TL) with 12 DI units of DI format 4,5,6 and 7 (1
of 3)

© ISO/IEC 2021 - All rights reserved

137


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

Figure 86 — Example of DI sequence for 2x disk (TL) with 12 DI units of DI format 4,5,6 and 7 (2

138

Byte 2: DI-format number 5
Byte 3: # of DI's/L# 12/2
Byte 4: --- 00h
Byte 5: Sequence # 5
msb of byte 6: 0
Byte 28 to 29: Velocity 2x
Byte 42 to 93:WS EX N/2
Byte 2: DI-format number 6
Byte 3: # of DI's/L# 12/0
Byte 4: --- 00h
Byte 5: Sequence # 6
msb of byte 6: 0
Byt 17: Read transfer rate (reading velocity) 4x
Byte 28 to 29: Recording velocity 2x
Byte 30 to 31: Maximum read power Maximum read power @byte 17
Byte 42 to 98:WS EXaN-A
Byte 2: DI-format number 7
Byte 3: # of DI's/L# 12/0
Byte 4: --- 00h
Byte 5: Sequence # 7
msb of byte 6: 0
Byt 17: Read transfer rate (reading velocity) 4x
Bytle 28 to 29: Recording velocity 2X
Byte 30 to 31: Maximum read power Maximum read power @byte 17
Bytle 42 to 93:WS EX_N/2
Byte 2: DI-format number 6
Byte 3: # of DI's/L# 12/1
Byte 4: --- 00h
Byte 5: Sequence # 8
msb of byte 6: 0
Byte 17: Read transfer rate (reading velocity) 4x
Bytle 28 to 29; Recording velocity 2X
Byte 30,t0:31: Maximum read power Maximum read power @byte 17
Byte 42 t0 98:WS EX_N-1

of 3)
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Byte 2: DI-format number 7
Byte 3: # of DI's/L# 12/1
Byte 4: --- 00h
Byte 5:Sequence # 9
msb of byte 6: 0
Byte 17: Read transfer rate (reading velocity) 4x
Byte 28 to 29: Recording velocity 2x
Byte 30 to 31: Maximum read power Maximum read power @byte 17
Byte 42 to 93:WS EX _N/2
Byte 2: DI-format number 6
Byte 3: # of DI's/L# 12/2
Byte 4: --- 00h
Byte 5: Sequence # 10
msb of byte 6: 0
Byte 17: Read transfer rate (reading velocity) 4x
Byte 28 to 29: Recording velocity 2X
Byte 30 to 31: Maximum read power Maxirmum read power @byte|17
Byte 42 to 98:WS EX N-1
Byte 2: DI-format number 7
Byte 3: # of DI's/L# 12/2
Byte 4: --- 00h
Byte 5: Squence # 11
msb of byte 6: 0
Byte 17: Read transfer rate (reading velocity) 4x
Byte 28 to 29: Velocity 2x
Byte 30 to 31: Maximum read power Maximum read power @byte|17
Byte 42 to 93:WS EX N/2
Repeat
Figure 86 — Example’of DI sequence for 2x disk (TL) with 12 DI units of DI format 4,5,6 and 7 (3
of 3)
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 13).

The inner part of inner zone 0 (protection zone 1 + PIC) shall contain HFM grooves which can hold
replicated information about the disk. The outer part of the inner zone 0, the other inner zones, data
zones and outer zones constitute the rewritable areas in which the information is recorded on the
wobbled grooves using the phase-change effect.
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16.2 Format of information zone

The information zone is divided into nine parts: a lead-in zone (part of inner zone 0), data zone 0 and
outer zone 0 on layer L0, outer zone 1, data zone 1 and inner zone 1 on layer L1, and inner zone 2, data
zone 2 and a lead-out zone on layer L2 (see Figure 87, Figure 88 and Figure 89).

Data zone 0, data zone 1 and data zone 2 are intended for recording user data. The lead-in zone contains
replicated and rewritable control information and an area for disk and drive testing. The inner part of
inner zone 0, inner zone 1, inner zone 2, outer zone 0, outer zone 1 and outer zone 2 allow for a smooth
run-in/run-out for their respective layers and also contain control information.

17 Layout pfrewritable area of informmation zomne

17.1 General

The rewritable area of the information zone is constituted from part of the inner zones) the datd zones
and the outerfzones. The start radii for the zones indicated in Figure 87, Figure 88-and Figure 89 are the
nominal valugs of the centre of the first/last groove track of that zone.

The physical ADIP addresses (PAA) listed are the first/last address in the 'groove tracks of each zone.
Also, the number of physical clusters (RUBs) that can be recorded per zpne-are indicated.
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. First PAA
Nominal
o starting of Z.one Number
Layer LO Description r(zli‘l(lill‘rlll)s Last PAA (O:Ifu 2?g:s
of zone
First transition area Ending radius 11,5 mm
Clamping zone Starting radius 11,5 mm
Ending radius 16,5 mm
S dt it Starting radius 16,5 mm
econd transition area Ending radius 21,0 mm
Starting sy y . 0y
radius VVG‘““ P BCA
21,0 mm rooves
. NI —
Protection 222 .(]{_
zone 1 0?)
Embossed Q"{F’irst AUN E
HFM o5P000c0480h | 2720
(HFM 22,@0 : (x4KB)
groove) PIC <</ Last AUN = (0
RN 0C 19 BEh
Protectioh 0018338
zone? 23,068 : 300
00187 E6
001 87 E8h
Buffer 23,107 : 3078
0 01 B7 FEh
001 B8 00h
Lead-in 23,468 : 256
l 20116 INFO 2 001 BB FEh
. Information (pal‘t Of 001 BCO0Oh
Infofmation { " % inner opco | 23498 : 2048
grea zone 0) 001 DB FEh
001 DCO00h
directio% Rewritable Reserved 0 01 FB FEh
fWobbled 001 FCO00
groove) 23,971 : 256
INFO1 001 FF FE
24,000 | 002 00 00h
Data :
zone 0 : 509 152
LAA
LAA + 2h
INFO 3/4 58,000 : 294
LAA + 4 98h
Outer LAA + 4 9Ah
zone6 ASTAY, 58-0t4 - 760
LAA + 10 78h
Protection LAA + 10 7Ah ---
zone 3 58,050 :
Ending radius
58,5 mm
Rim area Starting radius 58,5mm
Figure 87 — Layout of information zone on layer L0
© ISO/IEC 2021 - All rights reserved 141


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

142

. Last PAA
Nominal
. of zone
ending Number
Layer L1 Description radius : of phys
p First PAA PHYS.
(mm) clusters
of zone
Ending radius “Wide pitch”
21,0 mm groove
Wobbled Protection 292 :
groove Zone 1 ! 0 7E C5 B8h
0 7E C5 B6h
Buffer 22,510 : 4104
0 7E 85 98h
0 7E 85 96h
OPC1 23,004 : 2-048
0 7E 65 98h
0 7E 65 96h
Reserved 23,246 :
Inner 0 7E 48(00h 1894
zone 1 0 7E.47_FEh
INFO 2 23,468 ) 256
Tracking 0.%E 44 00h
direction 0 7E 43 FEh
Informatjon Reserved 23,498 : 4096
area | Rewritabl 0 7E 04 00h
Information | Rewritable 0 7E 03 FEh
zone (Wobbled INFO 1 23,971 :
1 groove) 07E0000n | 2%©
| 24,000 | 07D FF FEh
Data : 509 152
zone 1 :
FAA?
FAA - 2h
INFO 3/4 58,000 :
FAA - 4 98h 294
Outer FAA - 4 9Ah
zone1| DCZ1 58,014 : 760
FAA - 10 78h
Protection 58,050 FAA - 10 7Ah .
Zone 3 :

Starting radius/58,5 mm

2 FAA =

LAA + 1 80,60:01h (see 15.7.4.3).

Figure 88 — Layout of information zone on layer L1
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. First PAA
Nominal of zone
starting ) Number
Layer L2 Description| radius Last PAA of phys.
(mm) of zone clusters
Starting radius “Wide pitch”
21,0 mm groove
Wobbled Protection [ ., ,
groove zone 1 ’
081 3A48h
Ruffer ')7'|:1n . 200
0 81 3D, 66h
081.3D'68h
22,535 ‘
OPC?2 0)81'5D 66h 2 048
081 5D 68h
Reserved | 22,782 :
08176660 | 1600
08176 68h
22,973 :
INFO 2 ’ 256
Inner 081 7A 66h
l zone 2 081 7A68h
. Resérved | 23,004 :
’ 2048
Information Info;(r)naetlon 081 9A 66h
area Rewritable 081 9A 68h
Buffer 23,246 :
, (Wobbled 6246
Track]ng groove) 0 81 FB FEh
direction 081 FC 00h
INFO 1 23,971 : 256
0 81 FF FEh
24,000 082 00 00h
Data :
zone 2 : 509 152
LAA22
LAA2 + 2}
INFO 3/4 | 58,000 : 294
Lead- LAA2 + 4 98h
out LAA2 + 4 9Ah
60“‘* DCZ 2 58,014 : 760
(Outer LAA2 + 10 78h
zone 2) P i LAA2 + 10 7]Ah
rotection +
zone 3 58,050 :
Ending radius 58,5 mm
Rim area Starting radius 58,5 mm
2 LAA2 =LAA + 080 00 Oh (see 15.7.4.3).
Figure 89 — Layout of information zone on layer L2
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17.2 Physical sector numbering

Each cluster contains 32 physical sectors, and each physical sector contains 2K data bytes. Although
these numbers are not included in the data recorded on the disk, each physical sector is associated with
a (virtual) physical sector number (PSN).

The PSN 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,g of the PSN shall be reserved.

Bits PS,-, to P
The first PSN

5,5 of the PSN shall be set to the layer number.
in the data zone 0is 00 10 00 00h.

The last PSN in the data zone 0 is 8 x LAA + 15, which is

01 08 9B
The first PSN
02 F7 64

FFh.
in the data zone 1 is 8 x FAA, which is

DOh.

The last PSN in the data zone 1 is 03 EF FF FFh.

The first PSN

in the data zone 2 is 04 10 00 00h.

The last PSN in the data zone 2 is 8 x LAA2 + 15, which is

05089B

144

FFh.
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Set to
layer number Physical sector number (PSN)
—
MSB l l l LSB
p P|P|P|P p p P
e i y bR ||
&2 % 1 8 7| |5|4 0
In cluster
count  ZERO
Address-unit number (AUN) l l i i
YYVYYYVYYVY YYYVYVYY VYYVYVYYY AR
A AlAlAIA A A A
001098y 9 i o700 ] 4
1 7161514 3 6 5 8 7] 1514 110
Set tp
00, Oft, 10
consgcutively
v YYVYVY YXVYYY vvvil
A AAIAIA AlA A
8 e | s 2 A B[] AR
4 312[110 716 5 8 / 2|10

Physicat ADIP address (PAA)

Figure 90 — Physical ADIP addresses derived from PSNs

These [PSNs are converted to address-unit numbers, which shall be recorded in the BIS cpolumns of the
ECC clpisters (see 13.9.2.3).

Finally, a physical ADIR‘address is derived from the PSN/AUN as defined in Figure 90. This PAA identifies
the lodation on the disk‘'where the data shall be recorded.

18 Inner zone

18.1 General

On layer L0, the innermost zone of the information zone is called the lead-in zone (part of inner zone 0).
On layer L1 and layer L2, they are called inner zone 1 and inner zone 2.

Inner zone 0 (in its lead-in zone part) contains an embossed HFM area and a rewritable area, and inner
zone 1 and inner zone 2 (in its lead-out zone part) contain embossed wobbled parts and rewritable
areas (see Figure 91, Figure 92 and Figure 93).

In the embossed HFM area on layer L0, all grooves shall be encoded according to the format as defined
in 15.5 and with its other subclauses.

On layer LO, this encoding shall start at a radius 22,2_?)'2 mm , such that the first AUN of the first cluster
shall be 00 0B F8 E2h.

© ISO/IEC 2021 - All rights reserved 145


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

The addresses shall be continuously increasing as described in 15.5.3.2 and shall end with
AUN =00 0C 19 BEh in the last 4K cluster at the outermost radius of the PIC zone.

In protection zone 1 of inner zone 0, the content of the data frames can be set to all 00h or they can be
equal to the content in the PIC zone.

Protection zone 1 is intended to be a protection area against overwriting of the PIC zone by the BCA

code.

In the permanent information and control data (PIC) zone, general information about the disk and
various other information can be stored in the embossed HFM groove.

In the rewrits

blearcaand thewobbled argoved arca {protectonzone Lonlayer L1 and layer

2), all

grooves shall

The rewritab
and to store

be wobbled as defined in 15.6.

e areas of each inner zone are used to execute optimum power control (OPC) proc

specific information about the disk, such as disk-managementinformation and (

bdures
ontrol

information. Also, a zone has been reserved where drives can store their own specific.informatiqn.
Lead-in Description First PAA Number of Purpose
zone of zone phys.clusters
Coner | e
Embossed PIC . . O‘\\ Permanent informati¢n
HFM Z, and control data zong
Protection | 4 o1 g3 38}, 300
zone 2
Buffer 00187 E8h 3078
Reserved 8 | 001 B8 Q0h 32 Future extension
Reserved 7 | 0 01 B880h 32 Future extension
Reserved 6 | 0 04,B9 00h 32 Future extension
INFO 2 Reserved 5 | 001 B9 80h 32 Future extension
PAC 2 0 01 BA 00Oh 32 Physical-access contrpl
DMA 2 0 01 BA80h 32 Disk management
Rewitable Controldata2 | 001 BB 00h 32 Data information
Buffer 2 0 01 BB 80h 32
I aecclggﬁ OPC O~ Testzone |O001BCOOh| 2048 OPC testing
Reserved 001 DCOOh 2048 Future extension
Buffer 1 001 FC 00h 32
Drive area 001 FC 80h 32 Drive-specific Informatlion
Reserved3 | 001 FD 00h 32 Future extension
INFO 1 Reserved2 | 001 FD 80h 32 Future extension
Reserved1 | 001 FE 00h 32 Future extension
DMA 1 0 01 FE 80h 32 Disk management
Controldatal [ 0 01 FF 00h 32 Data information
PAC1 0 01 FF 80h 32 Physical-access control
(Datazone 0) | 002 00 00h

146

Figure 91 — Lead-in zone
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Inner Description First PAA Number of Purpose
zone 1 of zone phys. Clusters
(Data zone 1)
PAC1 0 7E 00 00h 32 Physical-access control
Controldatal | 0 7E 00 80h 32 Data information
DMA 1 0 7E 01 00h 32 Disk management
INFO 1 Reserved 1 0 7E 01 80h 32 Future extension
Reserved 2 07E 02 00h 32 Future extension
Reserved 3 0 7E 02 80h 32 Future extension
Drive area 07E 03 00h 32 Drive-specific information
l Buffer 1 0 7E 03 80h 32
Rewritable | Reserved 0 7E 04 00h 4096 Future,extension
Buffer 2 0 7E 44 00h 32
Tracking Control data 2 | 0 7E 44 80h 32 Pata inforination
dirpction DMA 2 0 7E 45 00h 32 Disk mana*ement
INFO 2 PAC 2 0 7E 45 80h 32 Physical-acceps control
Reserved 5 0 7E 46 00h 32 Future extpnsion
Reserved 6 0 7E 46 80h 32 Future extpnsion
Reserved 7 07E 47 00h 32 Future extpnsion
Reserved 8 0 7E 47 80h 32 Future extgnsion
Reserved --- 0 7E 48 00h 1894 Future extgnsion
OPC1 Test zone 0 7E 65 98h 2048 OPC tesfing
Buffer 0 7E 85'98h 4104
Wabbled Protection O@S\BSh L L
grpoves zone 1 X

Figure 92 — Inner zone 1

© ISO/IEC 2021 - All rights reserved

147


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

Inner Description First PAA Number of Purpose
zone 2 of zone phys. Clusters
Wobbled Protection . . .
grooves zone 1
Buffer 081 3A48h 200
OPC2 Test zone 081 3D 68h 2048 OPC testing
Reserved --- 081 5D 68h 1600 Future extension
Reserved 8 081 76 68h 32 Future extension
Reserved 7 081 76 E8h 32 Future extension
Reserved 6 08177 68h 32 Future extension
INFO 2 Reserved 5 081 77 E8h 32 Future extension
Reserved 08178 68h 32 Future extension
DMA 2 081 78 E8h 32 Disk management
‘l_’ Control data2 | 081 79 68h 32 Data information
Rewritable Buffer 2 | 081 79 E8h 32
Tracking Reserved 081 7A 68h 2048 Future extension
direction Buffer 081 9A 68h 6246
Buffer 1 081 FC 00h 32 ---
Drive area 0 81 FC 80h 32 Drive-specific information
Reserved3 | 081 FD 00h 32 Future extension
INFO 1 Reserved 2 081 FD 80h 32 Future extension
Reserved 1 081 FE 00h 32 Future extension
DMA 1 0 81 FE 80h 32 Disk management
Controldata1l | 0 81 FF 00 32 Data information
Reserved 0 81 FF 80h 32 Future extension
(Data zone 2) | 0 82 60°00h
Figure-93 — Inner zone 2
18.2 Permanent information.and control data (PIC) zone
18.2.1 General

The PIC zone
specific PIC d

18.2.2 Cont(fnt of PIC zone

The PIC zone shall consist of 5 repetitions of a PIC-info fragment, where each PIC-info fragment consists
of 544 PIC clusters (for a total of 2 720, see Figure 94). The PIC clusters shall be formatted as described

in 15.5.

The PIC-info fragments shall start on layer LO at AUNs: 00 OC 04 80h, 00 0C 08 COh, 00 0C OD 00h,

is an embgssed HFM area with data for various purposes, such as disk informatio
hta is supplied, all user data bytes (before scrambling) shall be set to 00h.

000C1140hand 00 0C 15 80h.
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PIC-info fragment PIC-cluster AUN
number number on layer LO

0 00 0C 04 80h
1 00 0C 04 82h
IFO 2 00 0C 04 84h
543 00 0C 08 BEh
0 00 0C 08 COh

[F1 : :
543 00 0COC FEh
0 00 0C 0D 00h

[F2 : :
543 000C 11 3Eh
0 00 0C 11 40h

[F3 : :
543 00 0C 15 7ZEh
0 00 0C 15'80h

[F4 : :
543 00:0C19 BEh

Figure 94 — PIC zone

The figst PIC cluster of each info fragment shall containfa copy of the DI block as containgd in the ADIP
aux frames (see 15.8.3 and Figure 95). Only the first 112 bytes of each DI aux frame shdll be included
(excludling the 32 parity bytes). If less than 32 DI units are present, then the remaining byjtes up to byte
3 584 ghall be set to 00h.

The lagt 512 bytes of the first PIC cluster of each info fragment shall contain the emergenicy-brake data
set, se¢ 18.2.3 and Figure 95.

Byte position Content Number of
in PIC cluster bytes
0to?11 DI-unit 0 112
112'to 223 DI-unit 1 112
: : 112 x 28
3360to3471 DI-unit 30 112
3472 to 3583 Reserved 112
3584 to 4 095 EB data set 512

Figure 95 — 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 after mutual
agreement between the disk manufacturer and the drive manufacturer involved, when specific drives
require special actions when handling such disks, e.g. to prevent damage to the disk or the drive. Up to
a maximum of 62 EB-data fields may be applied. The emergency-brake data shall be implemented as
depicted in Figure 96.
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Byte number Function Definition Nulr)r; ?ssr of
3584t03585 Identifier 2
3586 EB Version 1
3587 Reserved 1
3588 header List length 1
3589t03591 Reserved 3
3592t03593 Drive manufacturer ID 2
3594 to 3595 EB Drive model 2
3596 to 3 597 data field 1 Firmware version 2
3598to0 3599 Drive actions 2
(3584 +ik8)to(3584+ix8)+1 EB Drive manufacturer ID 2
(3584 +ik8)+2to(3584+ix8)+3 Drive model 2
(3584+ik8)+4to(3584+ix8)+5 (E"i‘ti‘ zﬁfll%i Firmware version 2
(3584+iKk8)+6to(3584+ix8)+7 T Drive actiofs 2
(3584+Nx8)to(3584+Nx8)+1 EB Drivesmanufacturer ID 2
(3584 +Nx8)+2to(3584+Nx8)+3 Drive model 2
(3584 +Nx8)+4to(3584+Nx8)+5 d?ﬁ lezd)N Firmware version 2
(3584+Nx8)+6to(3584+Nx8)+7 B Drive actions 2
[3584 + (N:01%3x5%]4 o (N+1) < 8] +7 EB footer Terminator 8
[3584 + (N+2) x 8] to 4 095 --- Reserved 512 - (N+2)

Bytes 3 584 {
These
Byte 3 586: H
This by

Byte 3 587: 1

0 3 585: EB identifier

B version

eserved

Figure 96 — Definition of emergency-brake data

pytes shall be s€tto 45 42h, representing the characters “EB”.

te shalkbe set to 01h, representing version 1 of the emergency brake format.

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

These bytes shall be set to 00 00 00h.

Bytes (3584 +ix8)to (3584 +ix8)+1(1<i<N):drive manufacturer ID

150
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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 (3584 +ix8)+2to (3584 +ix8)+3(1<isN):drive model number

These two bytes represent the drive model number and shall be defined by the drive manufacturer.
This document does not specify the format and the content of these bytes. It shall be ignored in
interchange.

Bytes (3584 +ix8)+4to(3584+ix8)+5(1<is<N):drive firmware version

These two bytes represent the drive firmware version and shall be defined by the drive manufac-
turer. This document does not specify the format and the content of these bytes. Iyshall be ignored
in interchange.

Bytes|(3584 +ix8) + 6 to (3 584 +ix 8) + 7 (1 <is N): drive manufactureractions

These two bytes represent the actions to be performed by the drivé model to handle this disk.
These bytes shall be defined by the drive manufacturer. This document does not spegify the format
and the content of these bytes. It shall be ignored in interchange.

Bytes|[3 584 + (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 dhta.
Bytes|[3 584 + (N+2) x 8] to 4 095 (0 < N < 62): reserved

These bytes are reserved.
18.3 Rewritable area of inner zone(s)

18.3.1] Protection zone 2

This zpne of 300 physical clusters starts at PAA 0 01 83 38h on layer LO and is intended|to be a buffer
zone for the transition from the embossed HFM area to the rewritable area (see 15.4.4).

18.3.2| Buffer

This zpne has 3 078 physical clusters starting at PAA 0 01 87 E8h on layer LO, 4 104 phyysical cluster
starting at PAA 0 _7E 85 98h on layer L1, and 200 physical clusters starting at PAA 0 8] 3A 48h plus
6 246 physical clusters starting at PAA 0 81 9A 68h on layer L2 and shall be left unrecorded.

18.3.3| INFO-2/Reserved 8

This zane of 32 physical clusters starting at PAA 0 01 B8 00h onlayer 1.0 at PAA 0 7E 47 80h on layer L1
and at PAA 0 81 76 68h on layer L2 is BDAP-dependent.

For the disks with BCA code, if this setting is not specified by the BDAP these bytes shall be left
unrecorded.

For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.4 INFO 2/Reserved 7

This zone has the size of 32 physical clusters starting at PAA 0 01 B8 80h on layer L0, at PAA 0 7E 47 00h
on layer L1 and at PAA 0 81 76 E8h on layer L2 and shall be left unrecorded.
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18.3.5 INFO

2 /Reserved 6

This zone has the size of 32 physical clusters starting at PAA 0 01 B9 00h on layer LO, at PAA 0 7E 46 80h
on layer L1 and at PAA 0 81 77 68h on layer L2 and is BDAP-dependent.

For the disks with BCA code, if this setting is not specified by the BDAP these bytes shall be left

unrecorded.

For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.6 INFO 2/Reserved 5

This zone has[the size of 32 physical clusters starting at PAA 0 01 B9 80h on layer LU, at PAA O 7E 6 00h
on layer L1 ar{d at PAA 0 81 77 E8h on layer L2 and is BDAP-dependent.

For the disks vith BCA code, this zone shall be left unrecorded unless otherwise specified by the BDAP.
For the disks without BCA code, this zone shall be recorded all 00h before shipping.

18.3.7 INFO|2/PAC 2

This zone of B2 physical clusters starts at PAA 0 01 BA 00h on layer L0 and at PAA 0 7E 45 80h on
layer L1 and ip intended to be used for storing physical-access control (PAC) clusters (see 21.2). Ynused
clusters in this zone shall contain all 00h or left unrecorded.

18.3.8 INFO|2/Reserved

This zone had the size of 32 physical clusters starting at(RAA 0 81 78 68h on layer L2 and shall[be left
unrecorded.

18.3.9 INFO|2/DMA 2

This zone of 32 physical clusters starts at PAA 0°'01 BA 80h on layer L0, at PAA 0 7E 45 00h on Idyer L1
and at PAA 0 81 78 E8h on layer L2 and is,intended for use by the disk-managementsystem (seq 22.2).
Unused clustdrs in this zone shall contain all 00h or left unrecorded.

18.3.10INFO|2 /Control data 2

This zone of 32 physical clusters’starts at PAA 0 01 BB 00h on layer L0, at PAA 0 7E 44 80h on Igyer L1
and at PAA 0 §1 79 68h on layer L2 and is intended to store control information. Unused clusters|in this
zone shall corjtain all 00h.

18.3.11INFO|2 /Buffer 2

This zone with the size of 32 physical clusters starts at PAA 0 01 BB 80h on layer 1.0, at PAA 0 7E #4 00h

on layer L1 and at PAA 0 81 79 E8h on layer L2 and shall be left unrecorded.

18.3.120PC/Test zone

The test zone of 2 048 physical clusters starts at PAA 0 01 BC 00h on layer LO, at PAA 0 7E 65 98h on
layer L1 and at PAA 0 81 3D 68h on layer L2 and is reserved for testing and/or OPC procedures. After
using any part of this area, the used tracks shall either be erased by irradiating these tracks using only
the optimum erase powers or be overwritten with clusters containing arbitrary user data using the
optimum write powers.

18.3.13Reserved

This zone has 2 048 physical clusters starting at PAA 0 01 DC 00h on layer L0, 4 096 physical clusters
startingat PAA 0 7E 04 00h plus 1 894 physical clusters startingat PAA 0 7E 48 00h on layer L1 and 1 600
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physical clusters starting at PAA 0 81 5D 68h plus 2 048 physical clusters starting at PAA 0 81 7A 68h
on layer L2 shall be left unrecorded.

18.3.14INFO 1/Buffer 1

This zone of 32 physical clusters, which starts at PAA 0 01 FC 00h on layer L0, at PAA 0 7E 03 80h on
layer L1 and at PAA 0 81 FC 00h on layer L2 shall be left unrecorded.

18.3.15INFO 1/Drive area (optional)

18.3.15.1
The ug

on lay
drive-

can all

be igngred in interchange.

18.3.1/5.2 Format of drive-specific information

Drive-ppecific information shall be contained in one 2K data frame/ The first 128 bytes

frame |shall contain a signature of the drive that has created(therelated data frame, ac

follow|ng format:

— 4§ bytes for the manufacturer’s name, represented by characters from the ISO/IEC
sef;

— 4§ bytes of additional identification, represented by characters from the ISO/IEC 646

— 37 bytes for a unique serial number of the drive.

The fofmat of the remaining 1 920 bytes of the data frame is not defined and can be ch

each d

Drive-

clustel
infornj
conter
data fi

For rol

on the

Initial
drive-

clusters of the drive area can be used to store the drive-speclric iiormation. For a ras

General

e of this zone of 32 physical clusters starting at PAA 0 01 FC 80h on layer L0, at\PA

bpecific information, only by the drive that has created the information. Teyguarant
ocate their own information, the following format shall be used. These,clusters in {

rive designer.

specific information of thelJast 32 drives that have used this option shall be stored i
. Each time a new drivé is going to write its drive-specific information, the oldest
ation located in data frame 31 of the physical cluster is removed from the physig
t of data frames 0-t6:30 are moved into data frames 1 to 31 and the new informatio

ame O (see Figure-97).

disk twice.

y, the two physical clusters starting at PAA 0 01 FC 80h and 0 01 FC 84h shall be
specific information. When both physical clusters become unreliable, the next

A 0 7E 03 00h

br L1 and at PAA 0 81 FC 80h on layer L2 is optional. This zone can be used.by drives to store

ee that drives
his zone shall

bf such a data
ording to the

b4.6 character

character set;

sen freely by

h one physical
drive-specific
al cluster, the
N is written in

pustness reasons, the physical cluster containing the drive-specific information fraines is written

used to store
two physical

t and efficient

access to the drive area, the DDS in the DMA zones contain an address pointer to the first valid physical
cluster in the drive area.
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Drive area Phys. cluster | “Shift in” Data frame
Manufactures
Damaged Drive i name
Address | Damaged Drive i-1 One x 2K Additional ID
pointer 32 x 2K sector
—¥| Valid drive Info. sectors Unique ser. num.
(in DDS)
Copy drive Info. T
Shiftat Brive=spetifit
each update information
Spares in free format
Drive i-31
“Shift out”

L

Figure 97 — Format of drive area (example)

18.3.16INFO|1/Reserved 3

This zone of 32 physical clusters starting at PAA 0 01 FD00h on layer L0, at PAA 0 7E 02 80h on Igyer L1
and at PAA 0 81 FD 00h on layer L2 shall be left unreeorded.

18.3.17INFO|1/Reserved 2

This zone of 32 physical clusters startingat PAA 0 01 FD 80h on layer L0, at PAA 0 7E 02 00h on lgyer L1
and at PAA 0 81 FD 80h on layer L2 shall®be left unrecorded.

18.3.18INFO|1/Reserved 1

This zone has|the size of 32 physical clusters starting at PAA 0 01 FE 00h on layer L0, at PAA 0 7E pP1 80h
on layer L1 arld at PAA 0 81'FE 00h on layer L2 shall be left unrecorded.

18.3.19INFO|1/DMA1

This zone of
on layer L1 a AQ & ,
(see 22.2). Unused clusters in thlS zone shall contaln all OOh or can be left unrecorded

18.3.20INFO 1/Control Data 1

This zone of 32 physical clusters, which starts at PAA 0 01 FF 00h on layer L0, at PAA 0 7E 00 80h on
layer L1 and at PAA 0 81 FF 00h on layer L2, is intended to store control information.

Unused clusters in this zone shall contain all 00h.

18.3.21INFO 1/PAC1

This zone of 32 physical clusters, which starts at PAA 0 01 FF 80h on layer L0 and PAA 0 7E 00 00h on
layer L1, is intended to be used for storing physical-access control (PAC) clusters (see 21.2). Unused
clusters in this zone shall contain all 00h or can be left unrecorded.
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18.3.22INFO 1/Reserved

This zone of 32 physical clusters, starting at PAA 0 81 FF 80h on layer L2, shall be left unrecorded.

19 Data zone

ISO/IEC 30193:2021(E)

The data zone can contain a total of 1 527 456 clusters of user data.

20 Outer zone(s)

20.1 General

Outer

Outer First PAA Number of. Purplose
zone 0/2 of zone phys. clusters

Buffer 3 LAAn + 2h 32 --
3 INFO 3 DMA 3 LAAn + 82h 32 Disk manfgement
Rewritable Control data 3 LAAn +102h 32 Data infofmation

--- Angular buffer | LAAn+182h 102 --
¢ DMA 4 TAAn + 31Ah 32 Disk manhgement
Tracking INFO 4 Control data 4 LAAn +39Ah 32 Data infofmation

direction Buffer 4 LAA n% 4 1Ah 32 --
DCZ0/2 Test zone [:AAn + 4 9Ah 760 Drive calfjbration

Protection zone 3 | EAAn +10 7Ah --

LJAAn is LAA in Outer zone 0 and LAA2 in Outer zone 2.

Figure 98— Outer zone 0/2 (Lead-out zone)

Outer D e First PAA Number of
zone 1 escription of zone phys. clusters Purpose
--- Protection zone 3 --- ---
DEZ1 Test zone FAA - 10 78h 760 Drive caljbration
l Buffer 4 FAA - 4 98h 32 --
Rewritabls INFO 4 Control data 4 FAA - 4 18h 32 Data infofmation
DMA 4 FAA - 3 98h 32 Disk manpgement
¢ --- Angular buffer FAA -3 18h 102 -}
Tracking Control data 3 FAA -1 80h 32 Data infofmation
direction | [NFO 3 DMA 3 FAA -1 00h 32 Disk management
Buffer 3 FAA - 80h 32

20.2 INFO 3/Buffer 3

Figure 99 — Outer zone 1

This zone of 32 physical clusters shall be left unrecorded.

© ISO/IEC 2021 - All rights reserved

vone 0 and outer zone 1 function together as a transition area between the datazones on layer LO
and layer L1. Outer zone 2 functions as a lead-out zone (see Figure 98 and Figure:99).
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20.3 INFO 3/DMA 3

This zone of 32 physical clusters is intended for use by the disk-management system (see 22.2). Unused
clusters in this zone shall contain all 00h or can be left unrecorded.

20.4 INFO 3/Control data 3
This zone of 32 physical clusters is intended to store control information.

Unused clusters in this zone shall contain all 00h.

20.5 Angular-buffer
This zone of 102 physical clusters shall be left unrecorded.

20.6 INFO 4{/DMA 4

This zone of 32 physical clusters is intended for use by the disk-management systent (see 22.2). Unused
clusters in this zone shall contain all 00h or can be left unrecorded.

20.7 INFO 4{/Control data 4
This zone of 32 physical clusters is intended to store control information.

Unused clustdrs in this zone shall contain all 00h.

20.8 INFO 4{/Buffer 4

This zone of 32 physical clusters shall be left unrecorded.

20.9 DCZ 0/Test zone, DCZ 1/Test zone and DCZ 2 /Test zone

These test zomes of 760 physical clusters are reserved for drive calibrations.

20.10 Protdction zone 3
This zone conftains an unrecorded groove.

All ADIP units in the groeves in this zone shall be modulated by MSK-cos only and not byl HMW
(see 15.6.2).

21 PhysicaII-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 the first 384 data bytes, which constitute the PAC header.

In the future, new PACs can be defined for specific applications/functions.

Drives designed before the introduction date of a new PAC 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 of
specific applications can be avoided as much as possible.
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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
information” fields.

NOTE To preserve compatibility:

“PAC-specific

— from the point of view of zone layout, PAC 1 and PAC 2 are allocated only on layer L0 and layer L1, and the

corresponding zone on layer L2 is reserved;

— from the point of view of PAC content, there are no additional unknown-PAC rules for this reserved zone and

thisreserved zone is out of PAC cantrol

21.2 Layout of PAC zones

The INFO 1/PAC 1 zones on layer LO and layer L1 form one area of 64 clusters@vailable f
of PAC|and the INFO 2/PAC 2 zones on layer L0 and layer L1 form another area of 64 clug
for the storage of PAC.

Each BAC cluster shall be recorded in both zones INFO 1/PAC 1 and INEO 2/PAC 2, so thq
2 copi¢s of each PAC cluster recorded. A PAC shall always be updatged first in the INFO 1/P
then be copied to the INFO 2/PAC 2 zone, which eases the handling of possible power-d

br the storage
ters available

re are always
AC 1 zone and
own failures.

The PAC-update count of the PAC cluster recorded in the INFO 2/PAC 2 zone shall be the same as the

PAC-update count of the PAC cluster recorded in the INFO 2/PAC 1 zone.

If a PAC cluster is found to be defective during recording, the defective cluster shall b{
indicated as invalid in the DDS (see Figure 100). A-replacement PAC should be recordg
available cluster.

The stptus of all locations in both the INFO T/PAC 1 and INFO 2/PAC 2 zones shall be in
DDS (see 22.2.2) by a 2-bit pattern as follows:

b1y by Content in PAC location
00 Unr(_ecorded
(also to be used if layer not present)
01 Available for re-use?
10 Contains an invalid PAC?
11 Contains a valid PAC

a2 PAC clusters with status 01 or 10 as indicated in the
DDS shall not be transferred outside the drive,
although overwriting is allowed (independent on the
setting of bit b, and b, of the unknown-PAC rules).

p skipped and
d in the next

dicated in the

Figure 100 — Status of PAC locations

21.3 General structure of PAC clusters

The user data of the PAC clusters shall be formatted according to Figure 101. The first 384 bytes

constitute the PAC header.

© ISO/IEC 2021 - All rights reserved
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Data frame Elyazgofsri;irﬁg Content Number of bytes
0 0to2 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 13to 14 Reserved 2
0 15 Number of segments 1
0 16 to 23 Segment_0 8
0 24to 31 Segment_1 8
0 32to 263 : 29y% 8
0 264to 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-specificinformation 2 048
31 0to 2047 Reserved 2048

Figure 101 — General layout of PAC clusters

The PAC_ID shall identify the specific typetef PAC cluster as follows:
— ifsetto 0P 00 00h, the PAC cluster.is unused;

The PAC_|D of all subsequent:PAC clusters in the INFO 1/PAC 1 zone or INFO 2/PAC 2 zone shall be
set to 00 PO 00h or thosesubsequent cluster locations shall be left unrecorded.

— if setto 5D 52 4Dh, the:PAC cluster is the primary PAC as defined in 21.4;
— if setto 4§ 57 50h;the PAC cluster is the DWP PAC as defined in 21.5;

— if setto 4Pp.53,31h, the PAC cluster is the IS1 PAC as defined in 21.6;

— ifsetto 49 53 32h, the PAC cluster is the IS2 PAC as defined in 21.6;

— if setto FF FF FFh, the PAC cluster is unused.
The PAC was previously used and is now available for re-use.
Other values for the PAC_ID are reserved.

Each new PAC added to the INFO 1/PAC 1 zone or INFO 2/PAC 2 zone shall be recorded at the first
available cluster in these zones (indicated by status 00 or 01 in the DDS, see Figure 100).

The PAC-format field shall indicate the version number of the specific PAC.
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The PAC-update count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each
time the current PAC is re-written.

The unknown-PAC rules shall specify the required actions when the content and use of the PAC
are unknown (i.e. the PAC_ID is not set to a known value). These bytes form a field consisting of 32
individual bits (bit b;; 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 102). 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 dr{ve encounters multiple unknown PACs on one disk, it shall use the OR-function of fhe unknown-
PAC ryles (in other words, if one of the PACs excludes an action, the same rule of the [other PACs is
irreleyant).
Area Bits Contral Mandgtory
type settling
by, to by, Reserved 0000000
b Writ
Reserved 8 3 e
b Writ ONE
Reserved 7 b21 Re:\c?
INFO 2 bz" Wit
Reserved 6 12 e
b,g Read 1
b Writ
Reserved 5 i e
b Writ ZERO
INFO 1 Drive area 15 e
b4 Read ZERO
b Writ ONE
Reserved 3 L e
b Writ ONE
INFO 1 Reserved 2 1 e
b Write ONE
R d1 -
eserve by Road 7
DMA zones (not including .
INFO 1,2,3}4 the DDS; see 22.2) b, Write
b Reserved unless othdrwise
6 specified by the BDAP.
. b Write
INFOT,2,32 Comntrol data Zones
b, Read -
Dat User dat /S t by Write -
ata zones ser data area / Segments
8 b, Read -
b Writ -
INFO1land2 |PAC cluster 1 e
b, Read -
"-": No mandatory setting specified, as well ZERO as ONE can be allowed depending on
specific PAC
Figure 102 — General bit assignments for unknown-PAC rules
For all zones/areas, except the PAC cluster, the bits have the following meaning:
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Control type = write:

if set to ZERO:

indicating that writing in the related zone/area is allowed;

if set to ONE: indicating that writing in the related zone/area shall not be allowed.

Control type = read:

if setto ZERO:  indicating that reading in the related zone/area is allowed;

if set to ONE:

indicating that reading in the related zone/area shall not be allowed.

The meaning T in the
related area(d) are not allowed to be transferred outside the drive or presented to the user.
For the PAC cluster, the bits have the following meaning:
—  Controlftype = write:
— if getto ZERO: indicating that overwriting the current PAC clusterjor changing its|status
bits in the DDS is allowed;
—  if$etto ONE: indicating that overwriting the current PAEoluster and changing its[status
bits in the DDS shall not be allowed, excépt'during re-formatting.
—  Controlftype =read:
— ifg$etto ZERO: indicating that reading and transferring the content of the current fluster
outside the drive is allowed;
— if $etto ONE: indicating that the content of the current PAC cluster, except for the first
384 bytes of the first.data frame, shall not be transferred outside th¢ drive,
to be enforced by.setting all bytes not belonging to the PAC header [to 00h
before passing the content of the cluster.
The unknown-PAC entire_disk_flags byte specifies unknown-PAC rules that cover the entire dlisk as
follows:
— Bitsb,tob;:  These bits-shall be reserved.
— Bitby: Re-initialization:
— if$etto ZERO: indicating that re-initialization is allowed, if not blocked by anyf other
write-protect mechanism for the entire disk;
—  if set®o ONE: indicating that re-initialization shall not be allowed if the PAC is unknown

to the drive.

The number of segments shall specify the total number N (0 < N < 32) of segments specified in the
current PAC. Moreover, the total number of segments defined for all PACs on a disk shall not exceed 32

as per Formula (56):

N
s <32
i=0

where ng ; is the number of segments in PAC;.

(56)

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).

160

©ISO/IEC 2021 - All rights r

eserved


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

Segments specified within one PAC shall not overlap and shall be sorted in ascending order according
to their addresses. Segments shall only start and end at cluster boundaries. All Segment_i fields, where
i = N, shall be set to all 00h.

— the first four bytes of the Segment_i field, if used, shall contain the first PSN of the first cluster

belonging to the segment;

— the last four 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 k1|10wn—PAC entire_disk_flags byte specifies rules for the entire disk in case the’d
interpret the PAC as follows:

The PA

Iits b, tob;:  These bits shall be reserved.

itby: Re-initialization:

—  if setto ZERO: indicating that re-initialization is alloived, if not blocked
write-protect mechanism for the entitre'disk;

+ ifsetto ONE: indicating that re-initialization shall not be allowed.

21.4 Primary PAC cluster (mandatory)

The prjimary PAC cluster shall be included on each disk to provide information about the
disk was initially recorded and to identify each recorder that has recorded individual c
disk. Tihe layout of the primary PAC clustersshall be formatted as depicted in Figure 103.

|C-specific information fields contain information that is specific to the current PA(.

ive is able to

by any other

late when the
usters on the
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Data Frame Byte position Content Number of bytes
in data frame

0 Oto2 PAC_ID 3

0 3 PAC format 1

0 4to7 PAC-update count 4

0 8to11 Unknown-PAC rules 4

0 12 Unknown-PAC entire_disk_flags 1

0 13 to14 Reserved 2

0 15 Number of segments 1

() 16ta 23 Segment ( 8

D 24 to 31 Segment_1 8

D 32t0 263 : 29 x 8
D 264to 271 Segment_31 8

D 272 to 383 Reserved 112
D 384 Known-PAC entire_disk_flags 1

D 385 to 387 Reserved 3

D 388 to 389 Number of recorder ID entries 2

D 390 to 393 | Year/Month/Date of initial recording 4

) 394 Re-initialization RID_tag # 1

D 395to 511 Reserved 117
D 512 to 639 Recorder ID for RIDytag 01h 128
D 640 to 767 Recorder ID for RID_tag 02h 128
D 768 to 896 Recorder ID forRID_tag 03h 128
D 1920 to 2047 : 128
it 0to 127 Recorder ID for RID_tag xxh 128
15 1920 to 2 047 Recorder ID for RID_tag FCh 128
16 0to2047 Reserved 2048
1 0 to 2-047 Reserved 2048

Figure 103 — Layout of primary PAC cluster
The PAC_ID shall be’set to 50 52 4Dh, representing the characters “PRM”".

The PAC-format field shall be set to 00h, indicating this is a primary PAC version 0.

The PAC-update count shall specify the total number of update operations of the current PAC. This field
shall be set to 00 00 00 00h during the first format operation only and shall be incremented by one each
time the current PAC is re-written.

The unknown-PAC rules shall be set as shown in Figure 104.
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The u

allowed if this PAC is unknown to the drive and there are no other mechanisms blocking re
The nymber of segments shall be set to 00h.
The Sggment_i fields shall all be set to all 00h.

The khown<PAC entire_disk_flags byte shall be set to 00h indicating re-initialization
allowedd in‘ease the drive is able to interpret this PAC and there are no other mechanism|
initialization.

ISO/IEC 30193:2021(E)

Area Bits Control Mandgtory
type setting
bs, to by, Reserved 0000 0000
b, Write ZERO

Reserved 8 b,, Read ZERO

Reserved 7 b,4 Write ONE
b,o Read ZERO

INFO 2 -

Reserved 6 b,q Write ONE
big Read ZERO
by, Write ZERO

Reserved 5 by, Read 7ERO

. b, Write ZERO
INFO 1 Drive area b, Read 2EHO
b,z Write ONE

Reserved 3 by, Read ZERO

b, Write ONE
INFO 1 Reserved 2 by, Road ZEHO
b, Write ONE

Reserved 1 by Read 7ERO

DMA zones (not including .

INFO1,2,3,4 the DDS; see chapter 22.2) by Write ZERO

b Reserved unless othefwise

6 specified by the BDAP

b Write ZERO
INFO 1,2,3,4 | Control data zones b, Read ZERO

b, Write ZERO
Data zones User-data area/Segments b, Read ZERO

b, Write ZERO
INFO 1&2 PAC cluster by Read ZERO

Figure 104 — Bit assignments for unknown-PAC rules for primary PAC

known-PAC entire_disk_flags byte shall be set to 00h indicating re-initialization

of the disk is
initialization.

pof the disk is
s blocking re-

The number of recorder ID entries field shall specify the number (< 252) of 128-byte recorder IDs
contained in bytes 512 to 2 047 of data frame 0 and bytes 0 to 2 047 of data frames 1 to 15. The
maximum number of available locations is 252 (see also description at recorder ID for RID_tag xxh).

The year/month/date of initial recording fields shall indicate the year (4 digits BCD), the month (2 digits
BCD) and the date (2 digits BCD) when the very first recording on this disk was made.

If a drive is not able to correctly set this field, these bytes shall be set to 00h.

The re-initialization RID_tag # shall specify the recorder-ID tag number of the recorder that last (re-)
formatted the disk.
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The recorder ID for RID_tag xxh fields shall contain the 128-byte drive signatures of all recorders (up to
amaximum of 252) that have made any recordings on this disk. Such drive signatures shall be according
to the following format (see 18.3.15.2):

— 48 bytes for the manufacturer’s name, represented by characters from the ISO/IEC 646 character

set;

— 48 bytes of additional identification, represented by characters from the ISO/IEC 646 character set;

— 32 bytes for a unique serial number of the drive.

The first time a recorder writes data to a disk, it shall add its recorder ID to this list. There shall be

no duplicate gn

sorted or cha
value (see Fig
been used, re
value FFh.

The RID_tag ¥
13.9.2.3 to ind

nged in any other way, since the relative location of each entry determines the'R
ure 103) assigned to each specific recorder. After all available recorder ID_field|
Corders whose recorder ID cannot be registered in the PAC anymore shall usethe R

ralue assigned to a specific recorder shall be recorded in the address-units as def
icate that the cluster has been recorded by that recorder.

21.5 Disk write-protect (DWP) PAC cluster (optional)

The DWP PAQ
write actions
DWP PAC cluj
by the WP coq
shall be formz

cluster is optional and can be used to protect a disk against unintended write act
by unauthorized persons. For the latter purpose, @ password can be included. If

ter exists on the disk, products that understand<{he PAC shall follow the rules ind
trol byte, else they shall follow the unknown-PA€ rules. The layout of the DWP PAC

itted as depicted in Figure 105.

not be
ID_tag
s have
[D_tag

ned in

ons or
h valid
icated
Cluster
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Byte position

Data frame in data frame Content Number of bytes
0 Oto2 PAC_ID 3
0 3 PAC format 1
0 4to7 PAC-update count 4
0 8to 11 Unknown-PAC rules 4
0 12 Unknown-PAC entire_disk_flags 1
0 13 to14 Reserved 2
0 15 Number of segments 1
) +6to23 Segment-6 8
0 24 to 31 Segment_1 8
0 32t0 263 : 29 x|8
0 264 to0 271 Segment_31 8
0 272 to 383 Reserved 112
0 384 Known-PAC entire_disk_flags 1
0 385 to 387 Reserved 3
0 388 WP control byte 1
0 389 to 395 Reserved 7
0 396 to 427 WP password 32
0 428 to 2 047 Reserved 162D
1 0to 2047 Reserved 2 04B
31 0to 2047 Reserved 2 04B

The PA
The PA

The PA
shall b

time tle current PAC\'s re-written.

The ur

Figure 105-% Layout of the DWP PAC cluster

C_ID shall be set to 44 57-50h, representing the characters “DWP”.
|C-format field shall be set to 00h, indicating this is a DWP PAC version 0.
|C-update count shall specify the total number of update operations of the current |

e set to 00 00 00 00h during the first format operation only and shall be increments

known*PAC rules shall be set as Figure 106:

PAC. This field
d by one each
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Area Bits Control Mandgtory
type setting
b, to by, Reserved 0000 0000
b Write ZERO
R ds 23
eserve by, Read ZERO
Reserved 7 b, Write ONE
b, Read ZERO
INFO 2 .
Reserved 6 b Write ONE
b,g Read ZERO
Reserved S b17 Write ZERQ
b6 Read ZERO
b Write ZERQ
INFO | Drive A 12
riveArea by, Read ZERQ
b Write ONE
R d3 13
eserve by, Read 7ZERO
b Write ONE
INFO | R d2 =
eserve byo Read ZERO
b Write ONE
R d1 2
eserve by Read ZERO
DMA zones (not including .
INFO 1,2,3,4 the DDS; see chapter 22.2) b, Write ZERO/ONE
b Reserved unless otherwise
6 specified by the BDAP
b Write ZERO/ONE
INFO [,2,3,4 1 2
NFO {,2,3, Control data zones b, Read 7ERO
b Write ZERO/ONE
D _ 3
ata Zones User-data area/Segments b, Read 7ERO
b, Write ONE
INFO | and 2 | PAC cluster by Read ONE
Figure 106 — Bit assignments for unknown-PAC Rules for DWP PAC
Bits b, bg, bg find b; shall be set.to ZERO if bit b, of the WP control byte is set to ZERO (WP off) apd bits
b,, bg, bs and b5 shall be set.to-ONE if bit b, of the WP control byte is set to ONE (WP on).
The unknowr]-PAC entiré_disk_flags byte shall be set to 01h indicating re-initialization of the disk is not
allowed if thi§ PAC issunknown to the drive.
The number df.segments shall be set to 00h.

The Segment_i fields shall all be set to all 00h.

The known-PAC entire_disk_flags byte shall be set to 00h indicating re-initialization of the disk is
allowed in case the drive is able to interpret this PAC and there are no other mechanisms blocking re-
initialization.

The WP control byte shall specify the allowed and required actions (see Figure 107) as follows:

—  Bitsb;tobs:  These 5 bits shall be reserved.

—  Bitby: This bit indicates WP with/without password (PWD):

— ifitis set to ZERO, no checking of the password is needed;
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— ifitissetto ONE, in case bit b is set to ONE, the write protection is switched on, only host-in-
itiated write actions shall be allowed if the password supplied by the host matches the pass-
word contained on the disk.

This bit indicates the method of write protection:

— if setto ZERO, this bit indicates virtual WP. After executing the required actions as specified
in the table of Figure 107, host-initiated write actions shall be executed without changing the
write protection settings on the disk;

— ifsetto ONE, this bit indicates the physical WP. After executing the required actions as speci-

fied in the table of Figure 107, host-initiated write actions shall only be execute

after setting

—  Bitby:

The WIP control byte shall only be changed after executifigithe required actions as specifi

of Figure 107.

The W|P password can consist of up to 32 characters from the ISO/IEC 646 character set.
not used shall be set to 00h. The WP passwordshall never be transferred outside the driv

If all bytes of the WP password field are setto 00h, then the WP password feature is inac
of the WP control byte shall be set to ZERO.

If the WP password field is set to all FFh, then the disk is permanently write protected and

bit b, to ZERO, indicating that the write protection is switched off.

+  ifsetto ZERO, itindicates that write protection is switched off (WP;off) and the
write actions is allowed without any restrictions;

+ ifsetto ONE,itindicates that write protection is switched o' (WP on), meaning
actions initiated by the host shall be blocked by the drive and the host-initiated
are only allowed after executing the required actions-as-specified in the table

+ ifthe write protection is switched on, re-initializing the disk shall not be allow

This bit indicates write protect on/off:

host-initiated

that all write
write actions

pf Figure 107;
red.

bd in the table
Trailing bytes
e.

rive and bit b,

further host-

initiated write actions on the diskshall not be allowed. Bits b,, b; and b, of the WP controf byte shall be

setto 111.
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WP Status Actions
control
. For changing WP control
b, [ by | by For writing data bits or the password
01010 No PWD/virtual/WP off | Allowed Allowed
. Allowed after Allowed after
01011 No PWD/virtual/WP on confirmation by the host | confirmation by the host
0|l 1] 0| NoPWD/physical/WP off |Allowed Allowed
Allowed after Allowed after
0|11} NoPWD/physical/WPon |confirmationby the host fi ion by the h
and changing to WP off confirmation by the host
Allowed after
1]o0 With PWD /virtual /WP off | Allowed confirmation of the
password supplied by
the host
Allowed after Allowed after
. . confirmation of the confirmation of the
password supplied by passward supplied by
110] 1| WithPWD/virtual/WP on d lied b d lied b
the host théhost
Allowed after
. . confirmation of the
111 With PWD/physical/WP off | Allowed password supplied by
the host
Allowed a_fter Allowed after
confirmation githe confirmation of the
11 1] 1 | With PWD/physical/WP on | password supplied by assword sunplied b
the host and changing to p PP y
the host
WP off

Figure 107 — Status and alloweddctions defined by write-control bits

21.6 1S1 and IS2 PAC clusters

The IS1 PAC and IS2 PAC may be recorded on an unrecorded disk. When BCA code is not re¢orded
on an unrecofded disk, IS1/IS2PAC structures shall be recorded in INFO 1/PAC 1 and INFO 2JPAC 2
before shipping as pre-recorded’area. When BCA code is recorded on an unrecorded disk, 1S1/152 PAC
structures shall not recorded:

The layout of the 1S1 PAG.and IS2 PAC cluster shall be formatted as depicted in Figure 108.

168 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

Data frame Byte position Content Number of bytes
in data frame
0 0Oto2 PAC_ID 3
0 3 PAC format 1
0 4to7 PAC-update count 4
0 8to11 Unknown-PAC rules 4
0 12 Unknown-PAC entire_disk_flags 1
0 13 to 14 Reserved 2
0 15 Number of segments 1
8 +ote23 Sesrrertd S
0 24 to 31 Segment_1 8
0 32t0 263 : 29 x|(8
0 264 to 271 Segment_31 8
0 272 to 383 Reserved 1172
0 384 Known-PAC entire_disk_flags 1
0 385to 2 047 Reserved 1668
1 0to 2047 Reserved 2 04B
31 0to 2047 Reseryed 2 04B

The PA
set to 1

The PA
The PA

The uy
[S2 PA

The uy
PAC.

The nu
The SHg
The kn

I~
v

Figure 108 — General layout:of 1S1 and IS2 PAC clusters

|C-update count shall be setto.00 00 00 00h for both PACs.

mber of.segments shall be set to 00h for both PACs.

gment:i fields shall be set to all 00h for both PACs.

[C_ID shall be set to 49 53 31h, representing the characters “IS1” for IS1 PAC. The P4
19 53 32h, representing the characters\“IS2” for IS2 PAC.

|C-format field shall be set to 00h-for both PACs, indicating this is version 0.

known-PAC rules shalltbe'set 00 AA 2A 00h for an IS1 PAC and shall be set 00 AA

iknown-PAC entire/ disk_flags byte shall be set to 01h for IS1 PAC and shall be set

\C_ID shall be

PA CBh for an

to 00h for IS2

22 Disk management

22.1 General

own-PAC entire_disk flags hyte shallbe setto 01h for hoth PACs

Disk management defines and controls methods of recording data on the disk including defect
management. Defect management is used to solve problems related to areas on the disk that can have
become defective or unreliable through damages or contamination.

Depending on the BDAP and/or the applied file system, defect management can be handled by the drive

or by the file system.
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The data originally intended to be recorded at a defective location is recorded at an alternative location
that is, determined by the file system.

In the defectlist (DFL), according to this document, 2 types of defects can be distinguished (see 22.2.3.4)
as follows:

— defects that are indicated as non-reallocatable defect (NRD);

— unreliable areas on the disk, called possibly bad area (PBA). Before using such a PBA for the allocation
of data, the reliability of the area should be checked.

22.2 Disk-management structure (DMS)

22.2.1 General

A DMS is madg up of a disk-definition structure (DDS) and a DFL. The DDS consists of pheclusterfwhich
shall be repedted 4 times, for robustness reasons, and the DFL consists of 8 consecutive’ clusters

Whenever a diisk leaves a recorder, all DMS shall correctly reflect the current status of the disk.

All 4 occurrences of the DMS, recorded in the DMA zones in the inner and‘\outer zone(s), shall dontain
the same infofmation, except for the first PSN of the DFL (see 22.2.2, byte\24 of data frame 0). The DMA
zones shall bg updated in the order DMA 1, DMA 2, DMA 3, DMA 4 for ease of handling possible power-
down failured. After such an update, all DDS update counts (see 22.2:2, byte 4 of data frame 0) shall be
the same and|all DFL-update counts (see 22.2.3.2, byte 4 of data frame 0/cluster 0 and 22.2.3.3, fefect-
list terminatl) shall be the same.

The DMA zonles consist of 96 consecutive clusters divided‘over the 3 recording layers as indicated in
Figure 109.
Tracking'direction >
Cluster Cluster Cluster Cluster Cluster
Layer L
1 2 3 31 32
< Tracking direction
Layer L{t Cluster Cluster Cluster Cluster Cluster
64 63 35 34 33
Tracking direction >
Layer L2 Cluster Cluster Cluster Cluster Cluster
65 66 67 95 96

Figure 109 — Clusters of DMA zones
The DDS shall always be recorded in the first 4 clusters of each DMA zone. The next 4 clusters are
reserved.

The DFL is recorded initially in clusters 9 to 16 of each DMA zone. Whenever any of the 8 clusters of the
DFL in a DMA zone starts to become unreliable, the complete DFL is moved into the next 8 clusters of
the DMA zone concerned (see Figure 110). The position of the valid DFL is indicated in the DDS.
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Cluster 1 to 4 DDS (4 repetitions)

Cluster 5to 8 Reserved

Cluster 9 tol6 15t position of DFL Damaged DFL
Cluster 17 to 24 2" position of DFL Valid DFL
Cluster 25 to 32 3rd position of DFL Empty
Cluster 89 to 96 11t position of DFL Empty

Figure 110 — Example of DMA zone

22.2.2| Disk-definition structure (DDS)

The DS specifies the format and status of the disk with relation to the disk management.|The format of
the DS is defined in Figure 111.

Data frame iBnyéig O;};ﬁg Content Nutr)r; tg:;‘ of
0 Oto1l DDS identifier 2
2 DDS format
3 Reseryed
4to7 DDS update count

8to 15 Reserved

16 to 19 FirstPSN of drive area

20 to 23 Reserved

24 to 27 First PSN of defect list

28to 31 Reserved

32to 35 Location of LSN 0 of user data area

36 to 39 Last LSN of user data area

40to 43 Reserved unless otherwise specified by the BDAP
44 to 47 Reserved unless otherwise specified by the BDAP
48 to\51 Reserved unless otherwise specified by the BDAP

52 Flag A
53 Reserved
54 Reserved unless otherwise specified by the BDAP
55 Reserved
56 to 59 Reserved unless otherwise specified by the BDAP
60to63 Reserved

64to71 Status bits of INFO 1/PAC 1 locations on layer LO
72to0 79 Status bits of INFO 2/PAC 2 locations on layer LO
80 to 87 Status bits of INFO 1/PAC 1 locations on layer L1

A I N Y Y S N N BN S N N ES E RS ES ES PN S

=l K=2 k=1 k=1 k=] k=] =’} k=J h =) =) =l =) J=) o) Jol Jol Jol fol fol fol fol Nl Nl Nl N

88 to 95 Status bits of INFO 2/PAC 2 locations on layer L1 8
96 to 2 047 Reserved 1952
0to 2047 Reserved 2048
31 0to 2047 Reserved 2048

Figure 111 — Format of DDS
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The DDS identifier shall be set to 44 53h, representing the characters “DS”.

The DDS format field shall be set to 00h, identifying a DDS.

The DDS update count shall specify the total number of update operations of the DDS. This field shall be
set to 00 00 00 00h during the first format operation only and shall be incremented by one each time
the DDS is re-written.

The first PSN of drive area field shall specify the first PSN of the first cluster of the pair of clusters that
contains the drive-specific information frames.

If the drive area is unrecorded, this field shall be set to 00 00 00 00h.

The first PSN of DFL field shall specify the first PSN of the DFL in the DMA zone containitllg this

particular D

The location ¢f logical-sector number (LSN) 0 of user-data area field shall specify thePSN of t}

user data fragne in the first cluster and shall be set to 00 10 00 00h unless otherwise“specified

BDAP.

e first
by the

The last LSN ¢f user-data area field shall specify the LSN; (see Clause 23) of thelast sector availgble for

the storage of]

The 8-bit flag

b,, by, and b,

The status bi
clusters in th

21.2.

user data and shall be set to 02 E9 D3 FFh unless otherwise specified by the BDAP.

A field specifies the status of the TL disk. Bits b; and b'shall be reserved. Bits b,
bhall be set to ONE unless otherwise specified by the BDAP.

s of INFO 1/PAC 1 locations on layer LO field shall)specify the recording status o
e INFO 1/PAC 1 zone on layer LO (see Figure 112). The bit pairs shall be set as def

Byte position Bits INFO 1/PAC 1 location PAA
64 b, be 0 01 FF 80h
64 bs b, 0 01 FF 84h
64 b, by 0 01 FF 88h
64 byb, 0 01 FF 8Ch
65 b, bg 0 01 FF90h
70 b, b, 0 01 FF ECh
71 b, bg 0 01 FF FOh
71 bs b, 0 01 FF F4h
71 b; b, 0 01 FF F8h
71 b, by 0 01 FF FCh

by, bs,

all 32
ned in

Figure 112 — Status bits and related INFO 1/PAC 1 address locations on layer L0

The status bits of INFO 2/PAC 2 locations on layer LO field shall specify the recording status of all 32
clusters in the INFO 2/PAC 2 zone on layer L0 (see Figure 113). The bit pairs shall be set as defined in

21.2.
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Byte position Bits INFO 2/PAC 2 location PAA
72 b, be 001 BA0OOh
72 bs b, 001 BA 04h
72 b, b, 001 BA08h
72 b, by 001 BAOCh
73 b, bg 001 BA 10h
78 b, by 001 BA 6Ch
79 b, bg 001 BA 70h
79 bs b, 001 BA 74h
79 b; b, 001 BA78h
79 b, by 001 BA7Ch

Figure 113 — Status bits and related INFO 2/PAC 2 address-locations on lay

The stptus bits of INFO 1/PAC 1 locations on layer L1 field shall-specify the recording s
clusters in the INFO 1/PAC 1 zone on layer L1 (see Figure 114). The bit pairs shall be sef
21.2.

Byte position Bits INFO 1/PAC 1 location PAA
80 b, by 0 7E 00 00h
80 bs b, 0 7E 00 04h
80 b; b, 0 7E 00 08h
80 bib, 0 7E 00 0Ch
81 b, by 0 7E 00 10h
86 b, by 0 7E 00 6Ch
87 b, bg 0 7E 00 70h
87 bs b, 0 7E 00 74h
87 b, b, 0 7E 00 78h
87 b, by 0 7E 00 7Ch

Figure 114 — Status bits and related INFO 1/PAC 1 address locations on lay

br LO

atus of all 32
as defined in

br L1

The status bits of INFO 2/PAC 2 locations on layer L1 field shall specify the recording status of all 32
clusters in the INFO 2/PAC 2 zone on layer L1 (see Figure 115). The bit pairs shall be set as defined in

21.2.
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22.2.3 Defed

22.2.3.1 Gen

The first data

The DFL shalllbe composed as shown in Figure 116.
Clusté¢r S b o
numbgr/ tart byte position Content Number of byte
in data frame
Data frgme
0/0 0 Defect-list header 128
0/0 128
: List of defects 65 408
0/31
1/0 0
: List of defects 65536
1/31
K/0
. 0 List of defects
nx38
nx8 Defect-list terminator 8
: Set 00h
K/31 (n+1) <8
K=17.
Figure 116 — Format of DFL
174

Byte position Bits INFO 2/PAC 2 location PAA
88 b, be 0 7E 45 80h
88 bs b, 0 7E 45 84h
88 b, b, 0 7E 45 88h
88 b, by 0 7E 45 8Ch
89 b, bg 0 7E 45 90h
94 b, b, 0 7E 45 ECh
95 b, be 0 7E 45 FOh
95 bs b, 0 7E 45 F4h
95 b, b, 0 7E 45 F8h
95 b, b, 0 7E 45 FCh

Figure 115 — Status bits and related INFO 2/PAC 2 address location's on layer L1

t list (DFL)

eral

frame of the 8 clusters constituting the DFL contains a defect-list header (DLH) fo
by a list of deflects. The list of defects shall be terminated by’a defect-list terminator.

llowed
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The DLH identifies the DFL and contains information about the composition of the list of defects
(see 22.2.3.2).

The list of defects contains a list of clusters determined to be defective during use of the disk
(see 22.2.3.3).

The defect-list terminator closes the list of defects and shall be written immediately following the
actual last entry in the list of defects. The defect-list terminator can be located in any of the 8 clusters
constituting the DFL, depending on the number of entries in the list of defects. All remaining bytes
following the defect-list terminator shall be set to 00h.

22.2.3

.2 Defect-list header (DLH)

The fo
The DJ
The DJ

The DI
set to
the DH

The nt
follow

Ny
Ny

where

Fmat of the DLH is defined in Figure 117.
FL. identifier shall be set to 44 4Ch, representing the characters “DL".
FL. format field shall be set to 00h, identifying a DFL.

FL-update count shall specify the total number of update operations of the DFL. Thi
DO 00 00 00h during the first format operation only and shallbée incremented by
L is re-written.

mber of DFL entries, Ny, shall indicate the total number of entries in the DFL a

L. = Nnrp + Nppa, unless otherwise specified bythe’BDAP;
p, < 65 519.

Nygrp is the number of NRD and Npg, is;tlie nhumber of PBA.

b field shall be
bne each time

nd shall be as

© ISO/IEC 2021 - All rights reserved

175


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

Cluster Byte position
number/ | . Content Number
Data frame | ™" data frame of bytes
0/0 Oto1l DFL identifier 2
0/0 2 DFL format 1
0/0 3 Reserved 1
0/0 4to7 DFL-update count 4
0/0 8to 11 Reserved 4
0/0 12 to 15 Number of DFL entries (Npg.) 4
0/0 T6to 19 Reserved unless otherwise specified by the BDAP 4
0/0 20to 23 Number of NRD entries 4
0/0 24 to 27 Reserved unless otherwise specified by the BDAP 4
0/0 28to 31 Number of PBA entries 4
0/0 32to 35 Reserved unless otherwise specified by the BDAP 4
0/0 36to 63 Reserved 28
0/0 64 to 67 Reserved unless otherwise specified by'the’ BDAP 4
0/0 68to 71 Reserved unless otherwise specifiedby’the BDAP 4
0/0 72to 75 Reserved unless otherwise specified by the BDAP 4
0/0 76 to 79 Reserved unless otherwise specified by the BDAP 4
0/0 80 to 83 Reserved unless otherwise)specified by the BDAP 4
0/0 84 to 87 Reserved unless otherwise specified by the BDAP 4
0/0 88to 127 Reserved 40

Figure 117 — Format of DLH

The number df NRD entries shall specify the'total number of NRD entries in the DFL.

The number df NRD entries is a variablenumber that can change during the use of the disk.

The number df PBA entries shall specify the total number of PBA entries in the DFL.

The number df PBA entries isa,variable number that can change during the use of the disk.

22.2.3.3 Listof defects

The format of|the fist of defects is shown in Figure 118.

The DFL shalllbe.updated after formatting and each time an entry is added, removed or changed (¢hange

in status or address).

The DFL entries shall be formatted as specified in 22.2.3.4. DFL entries consist of 8 bytes and these
entries shall be recorded contiguously, even across the borders of data frames and clusters.

The defect-list terminator shall be composed of two 4-byte parts as follows:

— the first 4 bytes shall be set FF FF FF FFh;

— the second 4 bytes shall be equal to the DFL-update count in the header of the DFL (can be used to
check the validity of the DFL at power-down failures).

176
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Cluster .
number/ Sta.rt byte position Content Number of
D in data frame bytes
ata frame
0/0 128 DFL entry 0 8
0/0 136 DFL entry 1 8
0/0 i x 8+128 DFL entry i 8
0/0 2032 DFL entry 238 8
0/0 2 040 DFL entry 239 8
0/1 0 DFL entry 240 8
0/1 8 DFL entry 241 8
0/1 2 040 DFL entry 495 8
0/n 0 DFL entry n x 256,- 16 8
0/31 2 040 DEL'entry 8 175 8
m/0 0 DFLentry m x 8 192 - 16 8
m/0 jx 8 DFL entrymx 8192 - 16 +j 8
m/0 2040 DFL entry m x 8 192 - 16 + 255 8
m/1 0 DFL entry m x 8 192 - 16 + 256 8
m/1 2040 DFL entry mx 8192 -16 + 511 8
m/n 0 DFLentrymx 8 192 + nx 256 - 16 8
m/31 2040 DFLentrymx 8192 +8191-16 8
K/n [(Npp, - 1) x 8+ 128
(=m) | -nx2048-Kx 65536] DFL entry (Npp, - 1) 8
o SR :
~nx 2048 - Kx 65 536) DFL terminator 8
K/n [(Npp, + 1) x 8 + 128
“nx 2048 - Kx 65 536] Setto 00h
K/(n+1) 2048
to K/31 0 Set to 00h
K=7
Figure 118 — Format of list of defects
© ISO/IEC 2021 - All rights reserved
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22.2.3.4 DFL entries

Each DFL entry shall be formatted as shown in Figure 119. The bytes of the DFL entry are converted
into a 64-bit sequence with the msb’s first.

The list of defects shall be sorted in ascending order as if each entry were a single 64-bit unsigned
integer of which the msb is ignored (always supposed to be 0), which means: first sorted by status 1,
and within status 1 by defective cluster first PSN, and within defective cluster first PSN by status 2 and
within status 2 by number of successive clusters.

Byte 0/bit 7..4 | Byte 0/bit 3.0 and byte 1to 3 | Byte 4/bit7..4 | Byte 4/bit 3..0 and byte 5 to 7
of DFL enf‘ry L of DEI nnfry L of DEI nnfry L of DEI ohfry L

b63 - b60 b59 .- b32 b31 - b28 b27 .- bo

Status 1 Defective cluster first PSN Status 2 Number of succeSsive cluslters

Figure 119 — DFL entry format

The defective cluster first PSN shall identify the PSN of the first physical sector of the cluster to be
indicated. Only the 28 Isbs of the PSN shall be stored in bits bgg .. bss, (the 4 msbs are discarded). Each
defective clusfter shall appear only once in the list of defects.

The number qf successive clusters field shall indicate the numbey of successive clusters covered|by the
possibly bad area (the value 0 00 00 00h indicates that thesnumber of unreliable clusters is unknown)
when status ] field is set to 0100 (see Figure 120). When-status 1 field is not set to 0100, this field is
reserved unlgss otherwise specified by the BDAP.

The status 1 fiield shall indicate the status of the entky as shown in Figure 120.

Status 1 || Status 2 Type Definition

0001 0000 NRD The entry identifies a defective location.

The entry identifies an area on the disk that might be

0000 defective and has to be checked. The defective cluster
0100 or PBA first PSN shall identify the PSN of the first physical segtor
0100 of the first cluster related to an error event.

PBAs shall not include any NRD locations.

Reserved
unless
Others otherwise ---
specified by the
BDAP

Figure 120 — DFL-entry status 1 definition

The status 2 field shall indicate the status of the entry as shown in Figure 121.
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Status 2 | Definition

0000 This (default) setting shall be used if none of the following settings is valid.

by the BDAP.)

Sa,;/Sa;,at new location can be set to 11).

such a PBA shall be set to 0000.

(Only allowed in combination with Status 1 = 0100 unless otherwise specified

Then the clusters do not contain any relevant user data. During read-modify-
0100 write actions the content of such clusters can be discarded (related status bits

If the clusters covered by a PBA might contain valid user data, the status 2 of

Others | Reserved unless otherwise specified by the BDAP.

23 As

LSNs g
LSN O
the fir

The la
frame

The fij
user d

The la
frame

The fi1
user d

The la
the lag

Figure 121 — DFL-entry status 2 definition

ssignment of logical-sector numbers (LSNs)

hall be assigned contiguously over all clusters available for storage of user data, so|starting from
and increasing by one for each successive user data frame:(see Figure 122). LSN 0 [is assigned to

5t user data frame in the first cluster after lead-in zone (@t\PSN = 00 10 00 00h).

5t LSN on layer LO is equal to 8 x LAA + 15 - 00 1000 00h and is assigned to the [last user data

in the last cluster before the outer zone 0 (at PSNy=.8 x LAA + 15 = X).

st LSN on layer L1 shall be one higher thanthe last LSN on layer L0 and is assigngd to the first

hta frame in the first cluster after the outepzone 1 (at PSN =8 x FAA= X+FC0000pOh ).

5t LSN on layer L1 is equal to 16 x LAA + 31 — 00 20 00 00h and is assigned to the[last user data

in the last cluster before the inner,Zone 1 (at PSN = 03 EF FF FFh).

st LSN on layer L2 shall be one-higher than the last LSN on layer L1 and is assigngd to the first

hta frame in the first clustepafter the inner zone 2 (at PSN = 04 10 00 00 h).

5t LSN on layer L2 = 24 % LAA + 47 - 00 30 00 00h and is assigned to the last user|data frame in

t cluster before the lead-out zone (at PSN =04 00 00 00h + 8 x LAA + 15 =X + 04 0(

00 00h).

Inner Out Out I Inner Quter
radius  Layer LO radius  radius Layer L1 radius  radius Layer L2 rpdius

-~ o i
Z
v
—

Userdatal __...........| User data

area / area

User data /

-,

Figure 122 — Assignment of logical-sector numbers (LSNs)
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S 00100000h X X+ FC000000h O03EFFF FFh 0410 00 00h PSN
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24 Characteristics of grooved areas

In this document, two types of signals are distinguished as follows:
— signals generated by the groove structures on the disk;

— signals generated by user-written marks.

In Clauses 25 to 27, the signals generated by the groove structures are defined and specified (the format
of the grooves has been defined in Clause 15).

All requirements in Clauses 25 to 27 shall be fulfilled in all layers independent of the recording status
of other recorr‘]ing I::ynrc (‘Mhnfhnr unrecorded, recorded or p:n-h':\”y rnr‘nrr‘lnr‘l) from the inner radius

of the embos$ed HFM area(s) (start/end of the PIC zone) at nominal radius 22,4 mm up to.the inner
radius of the guter zone(s) + 20 um (dpyo/2 + 20 um). It is recommended that the requirements’aye also
fulfilled in th¢ remainder of the outer zone(s).

25 Method of testing for grooved area

25.1 Genergl

The tests shall be performed in the rewritable areas. The write and read operations necessary for the
tests shall be made on the same reference drive.

When measuijing the signals, the influence of local defects, such as'dust and scratches, are excluded. Local
defects can cduse tracking errors, erroneous ADIP information’of uncorrectable data (see Clausg 33).
25.2 Environment

All signals shihll be within their specified ranges if the disk is in its range of allowed environpnental
conditions asdefined in 8.1.1.

25.3 Reference drive

25.3.1 General

All signals shpll be measured jn\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. The read powqr shall
be (1,44 + 0,10)daW for layer LO and layer L1 and (1,00 * 0,10) mW for layer L2 except when measuring
push-pull sighals-Eg sure of push=pull signals, the read power shall be (0,70 + 0,10} m

25.3.3 Read channels

The drive shall have 2 read channels as defined in 9.5 and 9.6. The HF signal from the HF read channel
shall not be equalized.

For measurement of the push-pull signals, the read channels shall be filtered by a first order LPF with
f-3 dB = 30 kHz.

For measurement of the wobble signals, the read channels shall be filtered by a first order LPF with
f-3 dB =16 MHz.
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25.3.4 Tracking requirements

During measurement of the signals, the axial tracking error between the focus of the optical beam and
the recording layer shall be maximum 55 nm, and the radial tracking error between the focus of the
optical beam and the centre of the track shall be maximum 16 nm.

Local defects that cause large axial tracking errors shall be taken into account as described in Annex I.

25.3.5

Scanning velocities

The actual rotation speed of the disk shall be such that it results in an average channel-bit rate of
132,000 Mbit/s or an average wobble frequency of 1 913,043 kHz except when measuring push-pull

signal
that it
956,57

25.4 1

25.4.1

The ay

linearly related to the optical power falling on the detector.

Some 9
This t¢
Ig

25.4.2

The pt
chann
can be

In gen
curren
define

-~

. For the measurement of push-pull signals, the actual rotation speed of the disk
results in an average channel-bit rate of 66,000 Mbit/s or an average wobble
2 kHz.

Definition of signals

General

hplitudes of all signals are linearly related to currents through a photodetector, 3

ignals are normalized relative to the total detector current in an unrecorded, groo

tal detector current is referred to as per Formuda (57):

i (11 + IZ)groove

Push-pull signal

sh-pull signal is the low-pass filtered sinusoidal difference signal (I; - I,) in the 1
] (see Figure 4), when the focusof the optical beam converges on the tracks. The pu
used by the drive for radial tracking (see Figure 123).

bral, the difference signal (I; - I,) is normalized relative to the low-pass filtered
t (I; + I,). The peak:to-peak value of this real-time normalized push-pull sign

H as per Formula'(58):

_[ll(t)—lz(f) _(Il_IZ)attz (11 =12 )0,

11 (t)+12 (t):|peak-peak - (11 +12 )attz (11 +12 )attl

Pnorm —

shall be such
frequency of

ind therefore,

ved area.

(57)

adial PP read
sh-pull signal

fotal detector
al' VPPnorm' 1S

(58)
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Detector
current .
(mA) | X
! 1
1 1
! 1
! 1
(L+1) \:/ :
Sum signal :
I I
! |
! 1
: (11' IZ)max :
/N N BN
! |
0
(- 1) VAT N
Difference signal | . Radial positien
! 1 (time)
! 1
(11 - IZ)min : :
On tack On track

The real-time
25 um? (see

25.4.3 Wobl

The wobble signal, Iy

tracks accord

The signal sh

as per Formul

Tyws :(_I

1

26 Signals

26.1 Push-pullpolarity
The polarity ¢

Figure 123 — Definition of push-pull sighals

normalized push-pull signal, Vpp,,.m, Shall be converted for the photodetector
D).

le signal

pp 1S the peak-to-peak value of the band-pass filtered sinusoidal difference
e radial Ig read channel (see Figure-4), when the focus of the optical beam follo
ng to 25.3.4. See also Annex E and Annex M for a measurement method.

i1l be normalized by the peak-te-peak value of the push-pull signal (/; - I,) ,, to be

a (59):
I

Wpp

_Iz)pp

ffrom HEM grooves

Size of

signal
ws the

 Inws»

(59)

£l o oo

Y T icnalid aid + 0 ibiza 1€+ 1 act axaanalaxity o+
] H H A L e if el H 1L 1% ] 3 1N
T O poOSTT POt Stgirar 15 Sart cO ot pPOSTOrv OO CIrC-STETTar trars crc-SatiCpoTarrey oS cic

pull signal detected from the following pit/groove geometry:

“on-groove recording” (see 15.2);

— the single pass phase depth of the grooves is less than 90°.

If the polarity is opposite to the polarity of the specified case, it is said to be negative.

push-

The polarity of the push-pull signal on each recorded layer of the disk shall be indicated in the disk
information (see 15.8.3).
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26.2 Push-pull signal

The peak-to-peak value of the real-time normalized push-pull signal, (Vppy,rm 1Em) cony i the embossed
HFM areas shall be as 0,26 < (Vppporm Hrm) cony < 0,52

26.3 Wobble signal

The normalized HFM-wobble signal amplitude, Iyyys, is @ measure of the deviation of the groove track
from its average centrelines. Due to interference with the wobbles of adjacent tracks, the amplitude of

the HF

M wobble signal shows a variation (called “wobble beat”).

At locations where the HFM wobble signal shows minimum amplitudes due to the wobble beat, the,

Innws,
0,3

At locd
Inpws,

INI-

NOTE

shall be as per Formula (60):

0 < INyws,min < 0,60

(60)

itions where the HFM wobble signal shows maximum amplitudes due‘to the wolbpble beat, the,

shall be as Formula (61):

ws,max < 3 * INHWS,min

Because the shape of the HFM wobble signal detected in the.embossed HFM areas diffe

from the wobble signal in the rewritable areas, the measurement*procedure as described in

suitabl

26.4 |

The bi
PIC zo
be mej

Both t
The jit
— ac
— nd

— nd

e for measuring these HFM wobble signals.

itter of HFM signal

harized wobble signal from the HFM grooves represents the embossed HFM infor
he. The jitter of the leading edges and the jitter of the trailing edges of this binarizg
sured separately relative to a PLL cleck.

he leading-edge jitter and the trailing-edge jitter shall be <4,5 %.

ter shall be measured under'the following conditions:

coupling [high-pass filter'(HPF)]: first order, f_; 45 = 20 kHz;
equalization;

rmalized by 18T clock period (see 15.5.4.2).

27 Signalsfrom wobbled grooves

(61)

s significantly
Annex E is not

mation in the
bd signal shall

271 fhaee 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,orm)

conv

Formulae (62) to (66) in each layer:

— in

unrecorded areas (all neighbouring tracks unrecorded):

0'21 < (VPPnorm,unrec.)conv < 0'45

— maximum variation of push-pull signal within 150 tracks in unrecorded areas:
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(VPPnorm,unrec. )max - (VPPnorm,unrec. )

min <0,18 (63)

(VPPnorm,unrec. )max + (VPPnorm,unrec. )min

— maximum variation of push-pull signal within one layer in unrecorded areas:

(VPPnorm,unrec. )max - (VPPnorm,unrec. )

min < 0,25 (64)

(VPPnorm,unrec. )max + (VPPnorm,unrec. )min

— inrecorded areas (all neighbouring tracks recorded):

0,21<(V, <0,45 (65)

PPnorm.rec )conv

— ratio of ayerage push-pull signals in recorded and unrecorded areas within

( /PPnorm,reC. )

0,75< conv_ <1 25 (66)

(V3Pnorm,unrec. )conv

27.3 Wobblg signal

27.3.1 General

The, Iyys, is 4 measure of the deviation of the groove track from/its-average centrelines. The distance
that the actugl centre of the wobbled groove track deviates frém the average track centre line fcan be
calculated acqording to Annex M.

27.3.2 Measprement of Iy

Due to interf¢rence with the wobbles of adjacent tracks, the amplitude of the wobble signal shows a
variation (caljed “wobble beat”). The wobble signals shall be measured in an unrecorded ared while
continuously fracking the spiral groove. A measurement procedure shall follow Annex E.

At locations where the wobble signal shows minimum amplitudes (excluding the effects of MMs), Iyws,
shall be 0,20 § Iyys min < 0,55.

At locations where the wobble sigial shows maximum amplitudes due to the wobble beat, Iy, shall be

Iyws,max < 3 *|INws min-

27.3.3 Measprement of'the wobble CNR

The narrow bpnd S/N{er CNR) of the wobble signal after recording at nominal recording velocity of the
disk as defingd in"15.8.3, shall be greater than 29 dB at the locations where the wobble signal|shows
minimum amplitGdes.

The carrier shall be measured at 1 913,043 kHz, and the noise level shall be measured at 1 MHz
(see Annex E for the detailed procedure).

27.3.4 Measurement of harmonic distortion of wobble

To guarantee a minimum quality of the HMW modulation, the second-harmonic distortion of the wobble
signal shall be sufficiently low compared with the second-harmonic level originating from the HMW
modulation.

The second-harmonic level, Ig};;, and the second-harmonic distortion level, Iy, shall be determined by
measuring the fundamental wobble frequency level and the second-harmonic frequency level at two
locations of the disk. Booth levels shall be measured in the data zone and in protection zone 3.
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The ratio of the, Iy, and, Igy;, normalized to the local fundamental wobble frequency level, shall meet
one of the following requirements:

— Isyp/Isyy, < 12 dB with zero radial tilt;
Isyp/Ishy, < —6 dB within £ 0,70° of radial tilt.

The measurements shall be made using a spectrum analyzer (see Annex E for the detailed procedure).

28 Characteristics of recording layer

In this document, two types of signals are distinguished as follows:

— signals generated by groove structures on the disk;
— signals generated by User-written marks.

Clausels 28 to 31 specify a series of tests to assess the phase change recording properties of the
recording layer, as used for writing data.

All redquirements in Clauses 28 to 31 shall be fulfilled in all layers indépendent of the redording status
of oth¢r recording layers (whether unrecorded, recorded or partially recorded) from the¢ inner radius
of the [rewritable area (start/end of the INFO/OPC zone) at neftinal radius 23,2 mm up to the inner
radius|of the outer zone(s) + 20 um (dpyo/2 + 20 um). It is recomrmended that the requirerpents are also
fulfilldd in the remainder of the outer zone(s).

29 Miethod of testing for recording layer

29.1 General

The tepts shall be performed in the rewritable areas. The write and read operations necgssary for the
tests shall be made on the same reference drive.

When [measuring the signals, theilafluence of local defects, such as dust and scratches,|are excluded.
Local dlefects can cause trackingerrors, or uncorrectable data (see Clause 33).

29.2 Environment

All sighals shall be within their specified ranges with the disk in the range of allowed egnvironmental
conditjons as defified'in 8.1.1.

29.3 Reference drive

29.3.1L 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 (1,44 * 0,10) mW for layer LO and layer L1 and
(1,00 £ 0,1) mW for layer L2.

29.3.3 Read channels

The drive shall have 2 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 i-MLSE (see Annex H for the detailed specifications).
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29.3.4 Tracking requirements

During the writing and reading of the signals, the axial tracking error between the focus of the optical
beam and the recording layer shall be maximum 55 nm at 2x reference velocity, or maximum 110 nm at
4x reference velocity. The radial tracking error between the focus of the optical beam and the centre of
the track shall be maximum 16 nm at 2x reference velocity, or maximum 20 nm at 4x reference velocity.

Local defects that cause large axial tracking errors shall be taken into account as described in Annex I.

29.3.5 Scanning velocities

All write tests shall be carried out at the speeds defined in each of the DI units that are present on the

disk (see 15.8

During readiy
bit rate of 132
test (see 30.7
7, the actual |
264,000 Mbit

29.4 Write ¢

29.4.1 Writgd

Marks and sp
one of the wri
multi-pulse tr

The write/er3

the disk as folllows:

the write

the bias V

the coolin

the erase
Marks are cred
The values of

The actual po
Pgw, Pc and P

3).

g, the actual rotation speed of the disk shall be such that it results in an average c
,000 Mbit/s or an average wobble frequency of 1 913,043 kHz. Only for the réad st
) at 4x reference velocity with the disk contains a DI unit of DI format)6 or DI

‘otation speed of the disk shall be such, that it results in an average channel bit

s or an average wobble frequency of 3 826,086 kHz.

fonditions

-pulse waveform

hces are written on the disk by pulsing a laser. Thé laser power is modulated accor
te-pulse waveforms given in Annex F. A 2T to 9TNRZI run-length is written by app|

se power has four levels which are the gptical powers incident on the entrance sur

peak power, Py;

frite power, Pgyy;

g power, P¢;

power, Pg.

ated by the write peak power, Py, spaces are created by the erase power, Pg.
P\ Pew» Ppand Py shall be optimized according to Annex G.

wers Pw, Py, Pc, and Py for testing shall be within +5 % of their optimum values,
- shallbe proportional to Py, according to the ratios ¢ as specified in the disk infor}

hannel

ability

format
rate of

ling to

lying a
ain of write and erase pulses. See Annex N forthe write pulse adjustment guideling.

face of

where
nation

(see 15.8.3.3

ind15.8.3.4).

29.4.2 Write powers

The optimized write powers Py, Pgwo, Pco, and Pgg shall meet the conditions as shown in Figure 124.
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Disk type TL
Velocity Power (mW) | Min. Max.
Py (mW) 8,0 28,0
Pgyo (mW) 0,10 16,8
- Pyo (mW) 060 | 168
P (mW) 0,10 16,8

Figure 124 — Write power requirements for triple-layer disk

In add
J— PV
J— PV

29.4.3
The av

29.4.4 Write conditions for i-MLSE measurement

The te

any gr
disk.

The fiv
in 29.4
n time

29.4.5

The te
(m-1),
To init
a writg

measured. Thisdxitial condition is defined as the DOW(0)yg condition.

To me
are ov

tion to the conditions shown in Figure 124, the write powers shall be such that
/0 > Peo 2 Peo;
/0 2 Ppwo.

Average power

erage write power, P,yg, shall be equal or less than 14,0 n1W.

6t for integrated-maximum likelihood sequence érror estimation (i-MLSE) shall be
bup of five adjacent tracks, designated (m-2),.[im-1), m, (m+1), (m+2) in the rewritab

e tracks are recorded consecutively with random data with a write power Py, = Py
.1. To measure the i-MLSE after n overwrites [i-MLSE @ DOW(n)], all five tracks ar
s with random data with a write power Py, = Pyq.

Write conditions for cross-erase measurements

st for cross-erase shall be carried out on any group of five adjacent tracks, desi
m, (m+1), (m+2), insthe rewritable areas of the disk.

ialize the measurement, the five tracks are recorded 10 times repeatedly with rang
e power Py, =Ry as specified in 29.4.1. After that, the initial values of the needed p

Asure the cross-erase after n overwrites [cross-erase @ DOW(n)yg], the tracks (m1

pryritten n times with Py, = 1,1 x Py, (all power levels shall be proportional to Py,

rarried out on
le areas of the

o as specified
e overwritten

bnated (m-2),

om data with
hrameters are

1) and (m+1),
see 29.4.1).

29.5 Definition of signals

The amplitudes of all signals are linearly related to currents through a photodetector, and therefore,

linearl

y related to the optical power falling on the detector.

i-MLSE:

i-MLSE is a quality indicator of the signal in PR(1, 2, 2, 2, 1) ML reproduction system with 17PP
modulation code. It is defined by standard deviation, o, that correlate with the error probability of
specific patternsin PR(1, 2, 2, 2, 1) ML reproduction signals (see Annex H for the detailed specifications).
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30 Signals from recorded areas

30.1 HF signals

The HF signal is obtained by adding 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 125).

30.2 Modulated amplitude

The modulated amplitude Ig,,, 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 before ac coupling.
The modulat¢d amplitude I3, is the peak-to-peak value of the HF signal generated hy\the $econd
smallest mark and space lengths. The 0 level is the signal level obtained from the measuring |device
when no diskfis inserted.
NOTE In the sync patterns, run-lengths of 9T do occur. However, the recurrence of these 9Ts is very low and
therefore their|linfluence on the HF peak-to-peak signal is negligible.
ISH = Itop
B F S e p ;
- 0 N N -~
N f}aaaaa&a
LE9.0.0.0.0.0.0.0.
Tapp ' ‘v‘v‘v.v‘v'.v.v‘v‘v‘v
T \Mﬁ vvvvvv
W ‘Vf
,.‘,. -A. A
18L B SR 0 S, - - =a e = e T e T
I 0 LEVEL
Figure 125 — Schematic representation of HF signal from marks and spaces
Because the I3 is a relatively small signal, its amplitude cannot be determined reliably from a random
HF signal. Therefore, jtiS recommended, for observation of I3, /I5,,, to record an area with consgcutive
3T marks and|spacesionly and to record an area with consecutlve §Ei" marks and spaces only. The $ignals
can now be measured accurately with appropriate measuring equipment.
The modulation aisual "Spp/IISH shrattbeconverted 1u_y the phutudctcut\u stzeof 25 }1_1117 (ac:c Q)
The modulation signals shall be as per Formulae (67) and (68):
Igpp/Ign 2 0,40 (67)
I35/ 1gpp 2 0,040 (68)
The variations of the modulation signals shall be as per Formulae (69) and (70):
(Isgmax ~ Istmin)/Isimax < 0,33 within one layer at DOW(0)(continuously recorded) (69)
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(Istimax ~ TsHmin)/Istmax < 0,15 within one revolution at DOW(0)(continuously recorded) (70)

The ratio between the actual modulation signals, Ig};,, on each layer shall be as per Formula (71):
~0,25 < (Igya 1 ~ Isnak)/ Usna i * Isna i) < + 0,25 at DOW(0) (continuously recorded) (71

where

Igpa,jand Igy, 1 are measured at the same position, both in radial and in tangential direction;
j=12k=01j>k
The raLio between the reflectivity on each layer shall be as per Formula (72):

-0{33 < (Rgy,1j = Rgu i)/ (Rg,1j + Rgni) < + 0,33 at DOW(0) (continuously reegrded) (72)

where

Ry, ijand Rgyy 1, are measured at the same position, both in radidland in tangential|direction;
Igh., = Rgy x read power;

1,2k=0,1j>k

J
30.3 Reflectivity-modulation product

The rdflectivity of the disk multiplied by the Ig medulation (= normalized Ig,, modulated amplitude)
shall ble (see Annex B for the detailed definition)as per Formula (73):

I
R M:Rng{ﬂ} (73)
Ten Jeony

0,]:06 4 <R x M < 0,019 for layer LO and layer L1;
091 <RxM=<0/027 for layer L2.

The rdflectivity ofithe disk multiplied by the I3 modulation (= normalized I3,, modulated amplitude)
shall ble as per Eofmula (74):

1

where
R x I3 20,000 48 for layer LO and layer L1;

R x 320,000 68 for layer L2.

30.4 Asymmetry

The HF signal asymmetry shall be measured by averaged levels using a combination of decoded signal
and HF signal without any equalization (see 1.7 for detailed specifications).
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The HF signal asymmetry shall be as per Formula (75):
-0,10 < Ag < +0,15 (75)

where A, is the HF signal asymmetry.

30.5 i-MLSE@DOW(n)
The tracks on which the i-MLSE is to be measured shall be recorded as specified in 29.4.4.

The i-MLSE shall be measured on the centre track m of the five recorded tracks at 2 times reference
velocity.

After n overwrites (0 < n < 10) track m, the i-MLSE in track m shall fulfil the following requiremepnts:
— Onlayer L0: <11,0 % when measured using the circuit specified in Annex H;
— Onlayer L1: <11,5 % when measured using the circuit specified in Annex H;

— Onlayer L2: <12,0 % when measured using the circuit specified in Annex H.

30.6 Cross-¢rase @ DOW(n)yg

The tracks onj which the cross-erase is to be measured shall be recarded as specified in 29.4.5. After n
overwrites (0| < n < 100) tracks (m-1) and (m+1), the modulation\and i-MLSE in track m shall fuffil the

requirement ¢f Formula (76):

(zgpp /Iy ) at DOW (n)xg 50,90 (76)
(I8pp /I H) at DOW(O)XE

After n overwrites, the i-MLSE shall fulfil the folloWing requirements:

— Onlayer L0: <11,5 % when measured using the circuit specified in Annex H;
— Onlayer L1: <12,0 % when measured using the circuit specified in Annex H;

— Onlayer L2: £12,5 % when measured using the circuit specified in Annex H.

30.7 Read stability

Up to 106 sucgessive reads:from a single track with a dc read power and an HF-modulated read|power
as follows:

— 1,44 mW for layer LO and layer L1 at 2x reference velocity reading;

1 00 W 1 1.2 o8 £, 1 s =
- ) m Ul 1a_y Cl Lo dU A TUICTITIIUT VCIULIL)’ I Cauuls.

Only if the disk contains a DI unit of DI format 6 or DI format 7 to support reading at 4x reference
velocity as follows:

— 2,00 mW for layer LO and layer L1 at 4x reference velocity reading;
— 1,15 mW for layer L2 at 4x reference velocity reading.
The disk shall remain within all specifications in the operating environment.

Higher dc read powers and higher HF-modulated read powers shall be applied when specified in DI
bytes 30 to 31 (see 15.8.3.3,15.8.3.4, 15.8.3.5 and 15.8.3.6).

The modulation should fulfil the following (see Figure 126):
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— modulation frequency (= 1/Typ_jaser) (400 £ 40) MHz;

— ratio of peak power and average power 2,0£0,2.

| R | N, oy p——. o
THF—laser

Additi
(=4,2

In ord
power
to 31 4

Light intensity

Time

Figure 126 — Schematic representation of light pulses from laser diodc

pnally, the SER (see 34.2) shall be < 4,2 x 1023)in any LDC block [equivalent tg
x 1073 x 75 392 bytes)].

er to prevent the recorded signals fromqdegrading, it is strongly recommended
5 and HF-modulated read powers of drives should not exceed the powers provided
t 2 times reference velocity.

31 Local defects

Defect
in the
uncort

The di

TS or pin holes in the/reflective layer), shall not cause any unintended trac
ectable errors (see.also 33.4 and Clause 34).

hmeter of suchdefécts shall be as follows:

ir bubbles: <100 pm;
lack-dets with birefringence: <150 um;

lack dots without birefringence: <150 um

<317 counts

that dc read
in DI bytes 30

s on the recording layer,oxin the TS, such as “air bubbles” or “black dots” (such as diist enclosures

k jumping or

32 Characteristics of user data

Clauses 32 to 34 describe a series of measurements to test conformance of user data on the disk with
this document. They check the legibility of user-written data. The data is assumed to be arbitrary.

User-written data may have been written by any drive at any speed in any operating environment.

33 M

ethod of testing for user data

33.1 General

The re

ad tests described in Clauses 32 to 34 shall be performed on the reference drive.
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Whereas Clauses 24 to 30 disregard local defects, Clauses 32 to 34 include them as unavoidable
deterioration of the read signals. The gravity of a defect is determined by the correctability of the
ensuing errors by the error detection and correction circuit in the read channel defined below. The
requirements in Clauses 32 to 34 define a minimum quality of the data, necessary for data interchange.

33.2 Environment

All signals shall be within their specified ranges with the disk in the range of allowed environmental
conditions as defined in 8.1.1.

33.3 Reference drive

33.3.1 General

O

All signals shgll be measured in the appropriate channels of a reference drive as specified in Clayse

33.3.2 Read|power

The read powjer is the optical power, incident on the entrance surface of the disk. The read powdr shall
be (1,44 £ 0,10) mW for layer L0 and layer L1 and (1,00 * 0,10) mW for layex .2.

33.3.3 Read|channels
The drive shall have 2 read channels as defined in 9.5 and 9.6.

The HF signdl from the HF read channel shall not be equalized and filtered before processing. For
measurement] of the disk quality, the characteristics of the-HF signal pre-processing shall be the¢ same
as specified in Annex H for the i-MLSE measurement.

33.3.4 Erroin correction

Correction offerrors in the data bytes shall bé)carried out by an error detection and correction §ystem
based on the ¢lefinitions in Clause 13.

33.3.5 Tracking requirements

During measyrements of the sighals, the axial tracking error between the focus of the optical begm and
the recording layer shall be(maximum 55 nm and the radial tracking error between the focus|of the
optical beam pnd the centreof the track shall be maximum 16 nm.

33.3.6 Scanning velocities

132,000 Mblt ID Ul dirdvttldgt VVU‘U‘U}C fl CUUTIILy Uf 1 91

The actual rdtdtion speed of the disk shall be such that it results in an average channel-bit fate of
3

1
I1Z.

a)

S043
33.4 Error signals

33.4.1 Byte error

A byte error occurs when one or more bits in a byte have a wrong value, as detected by the related error
detection and/or correction circuits.

33.4.2 Burst error

A burst error is defined to be a sequence of bytes where there are not more than two correct bytes
between any two erroneous bytes. For determining burst errors, the bytes shall be ordered in the same
sequence as they were recorded on the disk (see 13.1 and 13.8).
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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 last
erroneous byte thatis separated by atleastthree correctbytes from the first succeeding erroneous byte.

The number of erroneous bytes in a burst is defined as the actual number of bytes in that burst that are
not correct (see example in Figure 127).

X C C C X X C C X C X X X C C c |...|] C

<—— Burstlength =9 bytes———

Number of erroneous bytes in burst = 6

33.4.3

The sy
errong
per Fol

2

N

where

E|
N

33.4.4 Random symbol error rate (RSER)

The ra
burst
SER ca

c = correct byte; x = erroneous byte

Figure 127 — Example of burst error

Symbol error rate (SER)

hmbol error rate (SER) averaged over N LDC blocks is-'defined as the total j
ous bytes in the selected LDC blocks divided by the total'number of bytes in those

F'mula (77):
LN
=1 i

<75 392

L i is the number of all erroneous.bytes in LDC block i;

is the number of LDC block:

ndom symbol errdr-rate (RSER) is defined as the SER where all erroneous bytes
errors of length-240 bytes are counted neither in the numerator nor in the denor

Ilculation as per:Formula (78):
N
Zi:l(Ea:i _Eb,f )

N

jumber of all
LDC blocks as

(77)

contained in
hinator of the

(78)

N
<75 392—21,:1Eb',-

where

E . isthe number of all erroneous bytes in LDC block i;

a,i

E,, isthe number of all erroneous bytes in burst errors = 40 bytes in LDC block i;

N

©150/1

is the number of LDC block.
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34 Minimum quality of recorded information

34.1 General

When checking the quality of the disk, the area selected for determining SER and burst errors shall be

overwritten 1

0 times with arbitrary user data.

34.2 Random symbol error rate (RSER)

RSER after 10 times overwritten shall be <2,0 x 10~% averaged over any 10 000 consecutive LDC blocks.

34.3 Maxim|

In each RUB,
lengths of the

34.4 User-w

User-written
be corrected |

35 Burst-c
The zone bety
The BCA shal

The BCA code
disks.

All informatig
same content

The BCA codsg
BCA codeis a

The BCA codd
be visible on

The BCA cod
direction. Ead

The informat

um burst errors

he number of burst errors with length 240 bytes shall be less than 8 and the-sum of the
e burst errors shall be <600 bytes.
ritten data
lata in a RUB as read in the HF read channel shall not contain any byte errors that fannot
by the error correction system defined in Clause 13.
itting area (BCA)
veen ry and ry is reserved for use as a BCA (see 15.2/and Figure 54).

be used to add information to the disk after.completion of the manufacturing prodess.
can be written by a high-power laser system or by the initialize in the case of rewlitable
n in the BCA code, shall be written'in CAV mode, where every revolution has exadtly the
which content shall be radial:aligned (see Figure 128).

shall be located betweenyadius 21,3_%’2 mm and radius 22,0+8'§ mm on layer .0 (the
lowed to overlap the protection zone 1 partially).

shall be written'on the layer L0, but some effect of writing the BCA code on layer [LO can
he other layers:
e shall be{written as a series of low-reflectance stripes arranged in circumfefential
h of the.stripes shall extend fully across the BCA in the radial direction.

ofvin the BCA code can be read by a drive at any radius between radius 21,3 n1m and

radius 22,0 m

I on lavar 1 O
I OTr oty O IToT

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 content of the BCA code is defined by agreement

between the i

194

nterchange parties.
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Burst-cutting area

BCA-code

Figure 128 — Schematic represéntation of BCA
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Annex A
(normative)

Thickness of transmission stacks (TSs) in case of multiple layers

A.1 General

In case the tdtal TS consists of k layers, the following procedure shall be applied in determining the
thickness of the individual layers as follows:

— thevaluep d; .. dj represent the thicknesses of layers 1 ..k;

— the valuep n; .. n; represent the refractive indices of layers 1 ..k;

— let D(n) bg the nominal thickness at refractive index n according to Figure 15;
— for a TL dfisk, the curves show the thickness of equivalent spherical aberration.

D(n) can be ejpressed as Formula (A.1), using Formula (23):
D(n) = D(1,6) x g(n) (A.1)

Then the thickness d, of layer k should be as per Formula (A.2):

k-1
dk=D(nk)x[1—2 4 ] (A.2)

i1 D(n;)

A.2 Refragtive index n; of all layersin cover and spacer layers
The refractivg index n; of each layer inthe cover and spacer shall be as per Formula (A.3):
1,45<n,;41,70 (A.3)

A.3 Thickness variation of transmission stack (TS)

The relative thickness of the TS j is defined as per Formula (A.4):

k|5
Rr;=), D(n) (A4)

i=1
The relative thickness, Ry, of the TSs, measured over the whole disk, shall fulfil the following
requirements:

a) Relative thickness, Ry, of the transmission stack TS0: 94,0 < 100,0 x Ry < 106,0.
b) Relative thickness, Ry, of the transmission stack TS1: 69,0 < 75,0 x Ry < 81,0.
c) Relative thickness, RT,Z' of the transmission stack TS2: 52,0 < 57,0 x RT,2 <62,0.

NOTE The thickness of recording layer is very thin and negligible in the calculation of the thickness.
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A.4 Thickness variations of spacer layers

The effective thickness of the spacer layer, j, is defined as per Formula (A.5):

(A.5)

k
Eg ;=Y dixf(n)
i=1
where
Eg, is the effective thickness of the spacer layer 1;
ES, b ib t}u: CfoLtiVC t}lib}\llcbb Uf t}lC SpPdltl }Cl_yCl 2,
Eg¢ s the effective thickness of TS2 or cover layer.
Functipn f(n) is defined in Clause 12 and shown in Figure 16. The effective thickness mez

value ¥

The ad
refrac
values
positig
refrac

The ef
Es)

Eg)

A5 |

Assuni
to the

when refractive index is assumed to be 1,60.

tual thickness (which can be measured by the method described in Annex K) {
ive index is converted to the effective thickness under standardrefractive index of
of both the actual and effective thickness are the same. In this\Annex, defocus is de
n movement of the light going through the transparent medium with each thick
ive index.

Fective thicknesses shall meet the requirement as pér Formulae (A.6) and (A.7):

c = (Es1 + Es2) 21,0 um

h — Es,21,0 um

Example of thickness calculation

substrate which has layer L2 by a gluing sheet with a refractive index n, = 1,58. In|

ns imaginary

Inder arbitral
1,60. Defocus
fined as focus
ness and each

(A.6)

(A7)

e a cover sheet with refractive index n; = 1,52 and a nominal thickness of 55,0 ym is attached

this case, the

nominpl thickness of cover layer at index n; = 1,52 and 1,58, in um, are calculated as per Fprmulae (A.8)
and (Al9):
D(1,52) = D(1,6) xg[1,52) = 56,35 (A.8)
D(1,58) =2(1,6) x g(1,58) = 56,81 (A9)
where
D(1,6) =570 um;
g(1,52) =0,9886;
g(1,58) =0,996 6 (see 12.3).
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Then the nominal thickness of the gluing sheet, in um, is calculated as per Formula (A.10):

d, =56,81x 1-—>>_)-1,36 (A.10)
56,35

and the effective thickness of cover layer (Eg : cover sheet + gluing sheet), in um, is calculated as per

Formula (A.11):
ES,C =55x1,075 7+1,36x1,017 7=60,55 (A.11)

where

f(1,52) E1,0757;
f(1,58) F 1,017 7(see Clause 12).

The result shpws that effective thickness Eg . becomes larger as the refractive index n gets smaller.
Then, it is befter to select the refractive index of cover layer (n.) to be smallerthan those of [spacer
layers (ngy, ng,, ng3) from the the viewpoint of the requirement of Eg ¢ - (Egq + Es,) = 1,0 pn}. Also,
ng, > ng; > n.Is a preferable condition from the viewpoint of the requirementof Es ; - E5 , = 1,0 ym.

198 © ISO/IEC 2021 - All rights reserved


https://iecnorm.com/api/?name=86ee2bc7d89b89261a35b3ac236492af

ISO/IEC 30193:2021(E)

Annex B
(normative)

Measurement of reflectivity

B.1 General

The re
follow

— fo

The re
knowr

When
disk (A
the lig]
Becau

neededl to determine the “main” reflectance from the reflective layer.

B.2 |

A good
a gold
Figure

flectivity of a disk can be measured in several ways. The two most common me
ng:

rallel method;
rused method.

flectivity of the disk is measured by the focused method with thehelp of a referg
reflectivity, while the reflectivity disk is calibrated by the parallel method.

) falls onto the photodetector. The reflected light coming from the front surface g
ht coming from the parasitic reflectance inside thesdisk mainly falls outside the g
e in the parallel method only the “total” refleefarice (R,)) can be measured, a

Calibration method

| reference disk free of birefringenceshall be chosen, e.g. with a 0,1 mm glass coj
en reflective mirror. This reference disk shall be measured by a parallel beam
[B.1.

thods are the

nce disk with

measuring the reflectivity in the focused way, only the lightveturned by the reflective layer of the

f the disk and
hotodetector.
calculation is

ber layer with
as shown in

©150/1
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R, to Rint
detector | R
R

S

Iy
L —>
incident q
beam N

Key
R reflectivity of the recording layer (including the double pass TS transmission)
r reflectivity of the entrance surface
R.¢ reflectivjty as measured by the focused beam (is by definition = R, /)
Ig incident/beam
R, reflectarjce caused by the reflectivity of the entrance surface
R,  mainreflectance caused by the reflectivity of the recording layer
R, reflectarce caused by the internal reflectance’s between the’entrance surface and the recording layer

R,,  measurqd value (Rs + Ry, + Ry, )
Figure B.1 — Reflectivity calibration

The reflectivity of the entrance surface is\defined by Formula (B.1):

2
n+1

where n is thq index of refraétion of the cover layer.

The main reflectance R§/=R,, - R, -R; leads to Formula (B.2):

R {(1—r)2x[—1j// —rﬂ
Ryef = Im = IB? (B.2)
B { 1-rx 2——1// J
B

The reference disk shall be measured on a reference drive. The total detector current (the sum of all
4 quadrants = [, ,;,) obtained from the reference disk and measured by the focused beam is equated to
R, as determined above.

Then the arrangement is calibrated, and the focused reflectivity is a linear function of the reflectivity
of the recording layer and the double pass TS transmission, independently from the reflectivity of the
entrance surface.
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B.3 Measuring method

B.3.1 Reflectivity in unrecorded, virgin rewritable areas
A method of measuring the reflectivity using the reference drive.

a) Measure the total detector current, (I; + I;),.p from the reference disk with calibrated reflectivity,
R

ref*

b) Measure the total detector current, (I; + 1), from a groove track in an area of the disk under
investigation where the groove track and the two adjacent tracks on each side of the groove track
never have been recorded nor erased.

c) Cdlculate the unrecorded virgin disk reflectivity, R
pgr Formula (B.3):

(I3 +1, )(;
(11 +12 )ref

- in the groove tracks of the rewritable area as

Rl =

b

XRyof (B.3)

B.3.2 | Reflectivity in unrecorded, erased rewritable areas
A method of measuring the reflectivity using the reference drive:

a) Measure the total detector current, (I; + I;),.p from the reference disk with calibratdd reflectivity,
Rrsf'
b) Measure the total detector current, (I; + I,);, from a groove track in an area of the disk under
inyestigation where the groove track and the¢twio adjacent tracks on each side of thg groove track
to|be measured have been erased. Erasure of these tracks shall be done by irradiat{ng the tracks
uging only the, Pg, power as determined. from the OPC algorithm (see Annex G fof the detailed

prjocedure).
c) Cdlculate the unrecorded erased disk reflectivity, Rg_e, in the groove tracks of the rgwritable area
as|per Formula (B.4):
(Ih +13)
Ry, =—— "5 xR (B.4)

i (11 + IZ )ref
B.3.3 | Reflectivity inrecorded rewritable areas
A method of measutring the reflectivity using the reference drive.

a) Measurethe total detector current, (I; + I,),.p from the reference disk with calibratdd reflectivity,
R

ref*

b) Meéastre I8H fromrarecorded groove trackiratrareaof-the-diskunder iuvcotiBGtiuu vhere at least
the two adjacent tracks on each side of the groove track also have been recorded. Recording of the
tracks shall be done using the optimum powers as determined from the OPC algorithm (see Annex G
for the detailed procedure).

c) Calculate the recorded disk reflectivity, Rgy, in the groove tracks of the rewritable area as per

Formula (B.5):

Igy
Rgy = =Ry (B.5)
(Il +12 )ref

When measuring the reflectivity on a recording layer, make sure that the corresponding portions of all
other layers are unrecorded.
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B.4 Procedure for compensating stray light effect from observed reflectivity

The reflectivity obtained by applying the measuring method described in B.3 is influenced by the stray
lights which are caused by the reflection from other layers (see Figure B.2). Therefore, the observed
reflectivity shall be compensated to decrease the influence. Hereafter, the reflectivity obtained by
applying the measuring method described in B.3 shall be referred to as the observed reflectivity

and the reflec
reflectivity.

tivity compensated using the procedure below shall be referred to as the compensated

Layer LO

Laver L1

The observed
Following con
a) Multiple1

b) Observed
layers.

c) Effects of

d) The inten
of the sin

Layer L2

Stray lights Reflection from the layer being

readout

Disk surface

Incident beam
focused on
layer L1

Observed reflectivity

Figure B.2 — Influence of stray lights from other layers

reflectivity of the reproduction layer can beledmpensated by the procedure below.
ditions are assumed:
eflection can be ignored.

light is the sum of reflection*frém reproduction layer and all stray lights from al] other

coherent optical interferénce on the detector surface is ignored.

sity of the stray light'spot projected on the detector is uniform. Thus, the detector putput
ble stray light isproportional to the ratio of area of the stray light spot and photodgtector.
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Reflection from
reproduction layer

Layer L; Difk Layer L;

Key

WQ..CDB‘\"

SPDnorm

In geo
2xra

The ar
layer, i

Ay

The oh
layers

layer index of reproduction layer

layer index of other layers

refractive index of the TS

angle of incidence beam at interior of the disk, sinf, = NA/n
physical distance between layer Li and layer Lj

spot radius on the other layer: r = d;; tan6,

size of detector projected on the reproduction layer (see 9.4)
transversal optical magnification of the optical system

Figure B.3 — Ray trace of stray light

metrical optics view, the radius of the stray light spot projected on the reproduct
5 shown in Figure B.3.

eal ratio of the stray light spot fromlayer Li and the detector, both projected on the
s then derived as per Formula (B.6):

— SPDnorm _ SPDnorm

n(2r)’ B 7:(2617,-]-tan6?a)2

served light is the-sum of reflection from the reproduction layer and all stray lights
Thus, the observed reflectivity of the reproduction layer Li is then expressed with |

N
=R+ Y R;A; (N=2)
720
Lj#i]

where

ion layer Li is

reproduction

(B.6)

from all other

formula (B.7):

(B.7)

S.

1

R.

1

N

is the observed reflectivity (R , 5., R 1 g.es R 1y gu) Of layer Li (including influence

is the compensated reflectivity (Ry.,, Ry, Rgy) of layer Li;

is the number of recording layers of disk (2 for a TL disk).

of stray light);

For R,.,, Formula (B.7) can be rewritten as S,_, =4 * R,_, using the vector and matrix representation,
where S, is the observed reflectivity vector in the unrecorded virgin layer, Ry, is the compensated
reflectivity vector in the unrecorded virgin layer, and 4 is the areal ratio matrix.
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Thus, the compensated reflectivity vector R, _, can be derived as Formula (B.8):

Ry, =A"eS,, (B.8)

For R, ., the compensated reflectivity in the unrecorded erased layer (R,..; can be expressed as

g-e,i
Formula (B.9):

N
Rgei=Sg-ei ZRg-v,inj (N=2) (B.9)
Jj=0
U#i]
where S,_, ; isthe observed reflectivity of the unrecorded erased layer Li.

For Rgyy, the cpmpensated reflectivity in the recorded layer (Rgy ;) can be expressed as Formula (]B.10):

N
Rgn,i =Sgu,i — ZRg-V,inj(NZZ) (B.10)
j=0
[j#i]
where Sgy ; is[the observed reflectivity of the recorded layer Li.
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Annex C
(normative)

Measurement of scratch resistance of cover layer

C.1 General

The entrance surface of the disk has sufficient scratch resistance, which may beniy
protedtive coating.

C.2 Taber abrasion test

C.2.1 | General

The following so-called “taber abrasion” test verifies whether the.scratch resistance of
surfacp of the disk is sufficient.

Two wheels covered with abrasive material are applied to ¢he disk under test with a
(see Figure C.1).

Rotation 2|1XiS of disk

Rotation axis
£ of wheels

~.

Rotation

.~

i Projection of ~ "~
rotation axis of wheels

Figure C.1 — Typical abrasive test setup
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C.2.2 Test conditions

The test setup shall be according to ISO 9352 with the following details:

—  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.

C.2.3 Test]
The i-MLSE as

C.2.4 Treat
Treatment of

Before perfor
refacing stong

— new wheq

— wheels th

results

ment of the abrasive wheels

the abrasive wheels should be based on ASTM D1044/1].

as follows:
s shall be refaced for 100 cycles;

at have been used before shall be refaced for 25 cyeles.

specified in Annex H, when measured on layer L0, shall be <14 %.

ming a Taber Abrasion test, both abrasive wheels should be refaced each time by an ST-11
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Annex D
(normative)

Measurement of repulsion of grime of cover layer

D.1 General

This ahnex describes a method of applying an artificial finger print (AFP) to the disk for, the purpose of
determining the disk's sensitivity to fingerprints. Figure D.1 shows the basic procedurg:

49N 49N
10 4 10s

\L Silicone rubber \I,
stamp

e

5 >

Ink pad Disk under tésbt Disk under|test
adhesion of ink to stamp stamping with AP

Figure D.1 — Applying AFP to disk

After applying the AFP, the RSER (see 384) in each physical cluster in the AFP-printdd area, when
measured on layer L0, shall be <4.2 x 103 when recording and reading through the AFP. In|each physical
clustet, the number of burst errors with length 240 bytes shall be less than 8 and the sum|of the lengths
of thede burst errors shall be <800 bytes.

D.2 $pecifications of'stamp
The silicone rubber stamp shall have the following specifications (see Figure D.2):
— dimensionsstamp shape @16 mm x @12 mm x 20 mm height;

— shipre hardness is A60.
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\_/V

Figure D.2 — Stamp shape and preparation

To provide the stamp with random scratches, it shall be abraded withysandpaper #240.

The sandpap¢r is moved slowly in one direction between 10{times and 20 times. The force jon the
sandpaper shjll be between 4,9 N and 9,8 N.

Then the stanpp is rotated over an arbitrary angle and the'previous process is repeated.

Rotating and pbrading shall be repeated at least 30 times.

D.3 Preparation of ink

The ink to pript the AFP shall be composéd of the following components:
— M: Methoky Propanol (1-Methoxy-2-Propanol);

— T Trioleij (purity of at least60 %);

— D: Stand
loam).?)

rd Dust (according to specifications defined in JIS Z 8901, selected grade: class 11 HANTO

The components MiT and D shall be mixed in the mass ratio 240:20:8. The mixture shall be $tirred
rapidly using p plastic stick for at least 15 s by hand. Every time the solution is mixed, the stirring stick
shall be cleanpdby ethyl alcohol. I1

D.4 Preparation of ink pad

To guarantee a fixed amount of ink taken up by the stamp, the ink is spin coated onto the ink pad, which
shall be an injection-molded polycarbonate substrate without any pit or groove pattern. Just before
applying the ink on the disk, it shall be stirred very well, e.g. by ultrasonic vibration for at least 30 s.

While rotating the substrate on a spinner at 60 revolutions per minute, within 10 s, at least 2 ml of the
ink solution is applied on it at a radius of about 12 mm (see Figure D.3).

2) For further information, contact the Association of Powder Process Industry and Engineering, Japan (http://
www.appie.or.jp/english/).
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Spreading
the solution
by spinnig

Solution
put on
substrate

Radius
12 mm

Figure D.3 — Spin coating ink pad

After applying the ink on the disk, the rotational speed shall be~100 revolutions/min| for 1 s, then
the speed shall be increased linearly to 5 000 revolutions/minsfor 5 s, which shall be held for 1 s

(see Figure D.4). The spin-down time is not critical.

5000 r/min
Pouring the
ink solution
\100 r/min
60|r/min 100 r/min
>4—><€ ><4—>
0,1s~d%s 1s 5s S

Figure D.4 — Speed profile for spin coating ink pad

D.5 Usimg ink pad and stamp

The recommended location for applying ink to the stamp is around radius 30 mm.
The stamp can be cleaned with lint-free tissues.

The stamp can be cleaned first with a tissue wetted with ethyl alcohol, after which it can be wiped off
with a dry tissue.
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(normative)

Annex E

Measurement of wobble amplitude

E.1 Measurement methods

The wobble s

gnal and the push-pull signal shall be filtered before measurement. The wobble|signal

shall be filter¢d through a 16 MHz low-pass filter (LPF), the push-pull signal through a 30 kHz LPF.

Because of tH
wobble signal

e wobble beat and the modulation of the grooves, it is very difficult to>determine the
s accurately enough by normal oscilloscope measurement. Therefore, the wobble $ignals

shall be measured by means of a spectrum analyzer according to the following procedures |(while
continuously fracking the spiral groove):

Step 1) Measpurement of non-NWS

Under the trgcking requirements of 25.3.4, the push-pull signal shall’be measured by a spdctrum

analyzer with

—  centre firequency:

the following settings:

—  span: Zero span;
— resolution bandwidth: 30 kHz;
—  video bandwidth: 100 Hz;
—  sweep tlime:

Under these ¢
time (see Fig

re E.1).

1913,043 kHz;

set it such.that several beats in the wobble signal can be obseryed.

pnditions, the spectrum analyzer shows the RMS value of the input signal as a fundtion of
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Mkr1 533 ms -39,6 dBV
Ref-32 dBV tten 0 dB MKkr2 367 ms -46,4 dBV

Log
2dB

WO AN W W

Centre 1 913,043 kHz Span 0 Hz
Res BW 30 kHz VBW 100 Hz

Figure E.1 — Example of spectrum analyzer showing wobble signal

The signal level at marker Mkr2 represents thezminimum wobble signal, Wy ;,,, in dBY. Because the
spectrum analyzer measures RMS values, a multiplication factor of 2 x v/2 shall be addéed to translate
the mgasured value into volts peak-to-peak{+46,4 dBV in the example corresponds to 135 mVpp).

Step 2) Measurement of the non-normalized push-pull signal

Next the open-loop push-pull signat(l; - ), is measured (see 25.4):
Suppose for this example the value is 30 mVpp.

Step 3) Calculate the ILgyys

Calculpte the normalized wobble signal as per Formula (E.1):

WS,min _ 13, 5

I L
NWS,min, (11_12 )pp 30

Step 4{) Determine the wobble beat

=0,45 (E.1)

The signal level at marker Mkr1 represents the maximum wobble signal, Wy ;,, in dBV.
The wobble beat is as per Formula (E.2):

WS,maX - WS,min =6,8 or INWS,maX =2,2x INWS,min (E.Z)

Step 5) Measurement of the CNR of the wobble signal

Under the tracking requirements of 25.3.4, the push-pull signal shall be measured by a spectrum
analyzer with the following settings:

—  centre frequency: 1 MHz;
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—  span: Zero span;

— resolution bandwidth: 30 kHz;

—  video bandwidth: 10 Hz;

—  sweep time: set it such that several beats in the wobble signal can be observed.

Under these conditions, the spectrum analyzer shows the RMS value of the noise signal in the band
around 1 MHz as a function of time (see Figure E.2).

Mkrl 1,27 s -75,4 dBV
Ref -60 dBV Atten U dB
Log
2dB/
Mkr1
— T —— .@.\__’__v
Centre 1,0 MHz Span 0 Hz
Res BW 30 kHz VBW 10 Hz Sweep 1,767 s
Figure E.2 — Example of spectrum analyzer showing noise signal
The signal levlel at markexMkr1 represents the level of the noise signal in dBV.
The wobble CNR, in dB, can now easily be calculated to be as per Formula (E.3) according to the example
values:
Ws min — U =< 46,4 + 75,4 =29 (E.3)

where V, is the noise level value in dBV.

Step 6) Measurement of the Lgyp/Ley;.
This measurement shall be performed as indicated in 27.3.4.

Under the tracking requirements of 25.3.4, the push-pull signal shall be measured by a spectrum
analyzer with the following settings:

For fundamental frequency level measurements:

—  centre frequency: 1 913,043 kHz;
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