INTERNATIONAL ISO/IEC
STANDARD 29642

First edition
2007-12-01

Information technology — Data

interchange on 120 mm_and 80 mm
optical disk using +RW DL format —
Capacity: 8,55 Gbytes and 2,66 Gbytes
per side (recording speed 2,4x)

Technologies de l'information — Echange de données sur disques
optiques de 120 mm et-80 mm utilisant le format +RW DL — Capacité:
8,55 Go et 2,66 Go,par face (vitesse d'enregistrement 2,4x)

Reference number
ISO/IEC 29642:2007(E)

1SO|IEC
2 g © ISO/IEC 2007



https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

NT

© ISO/IEC 2007

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

Contents

[T =31V oY (o
8o o 11 e 4 oY
1 £33 X3
2 L0001 oY 1 11 7= 15 - YO o S
2. (0] o T o= e [ 1= OSSP SRRRPTN Y o
2. Generating SYSteM.......ccoiiiiccciieiier s crsscerr e ssnr e e e s snnne e e e e se s s s snnne e e s e eens Snnndnfeneneennnnn
2. (R LY oT YAV T T TSR 253 =Y o N oo S
2. Compatibility statement ... e e s
3 NOrMAtiVe refer@NCEeS ........oieeuiiiimiiiiei e iirres s esssssressssrensssssssnsssseadesbustesssseennsssnensssnsennnes
4 Terms and definitioNs..... ..o rssa s rresa e €T b e an s s sema s s s ennsssrannsssranes
5 Conventions and NOLAtIONS .........ciiieeiiiiiiiiiie e ress s Snsae e nn s s rsnnssssensssssennssssennnssres
5. Representation of NUMDErS ...t
5. NAMES ...oiiieeiiiie i irree i rress e e rsn s srsnssssrsnsssssennssssennssssenndoninemnssseennssssensssssennssssesnssssnesnnssnsnnnns
6 List Of aCronyms .......coccciiiiiciiiiinr ek e e
7 General description of the optical diSK .........ccccoee it
8 General Requirements..........cccccccvemiinicccsmcenne @b ccseceies s se s s csssse s s s sssns e e s s e s ssmnne e e e e e enan
8. 0NV e Y 81 1= 1=
8. Safety reqUIremMeNnts ... et cecr e sn e e e mn e e e e e e e anan
8. L F= 10104 T 1] 1) 7 <=
9 2 =Y (=Y =1 4 L =30 T3
9. Optical SYStem .......ccceiiiiiiiiiic e ————————
9. L0 o7 T= 1N 7= s e -~
9. Y= Lo I o o = 10T 0 1=
9. [ TS Qo = T T o3 N
9. Rotation Of the diskK fim i i rses e rrea s rrss s s esnss s e anss s ransssseannssssansssnrenanns
9. Wobble channel (Read channel 2) ... e
9. Tracking channel,(Read channel 2) ... e
9. Reference SefVO SYSIEMS ... ses e s mn e e e s s mmn e e e e e snnann
Sqction 2 — Dimensional, mechanical and physical characteristics of the disk...........ccccccee......
1 Dimensional characteriStiCs ........cciiiieriiiiiiiiir i e e e e s s e s na e s narrennanns
10.1 2 =Y =] (= 4 Lo =30 =1 4 (==
B0 7 © 1Y 2= o= | e [T 1= 4 1= oY
10.3 First transSition @rea ......... oot re e ssa s ree s s res s s esnss s sranssssransssseannsssnansssnrennnas
10.4 Second tranSitioN @rea ... it e e aaa i aa s rana s rranaa e ranannrannnaias
1 .5 C:alllp;llu ZUIIU .........................................................................................................................
10.6 Third tranSition @rea ..o s rree s ress s resss s renssssraasssssansssssennssssennsssnnrenn
10.7 0N e 50 E= LA L0 T o 74 oY o (=Y
10.8 ST T 1= T
10.9 201 1 7= T Qe 0 T o] 1= = 1 1o ==
11 Mechanical CharacteriStiCs ........iuuiiiiieiiiic i e e rsn e e na s e e ma e rennnnss
11.1 1 T
11.2 1 0T 4 =Y e T 4 1= - N
I N 0 1Y/ T= 10 T 2T 41 - 1 F- T -
o S & - 1 I 0T ¢ o 1 U |
11.5 L= Lo [ 1IN VT3 Lo T

© ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

12 Optical characteristics in the Information Zone ..........ooo i 19
121 3o [=3 Qe Y il =3 = [ 4 o 19
12.2 Thickness of the SUDSLrate...........ciieeeeiiiiiiiiii i s s s e e e s nnaa s s e e e eeseesnnnnnan 20
L T £ 0 U= o3 1 Y7 Y PSPPSR 20
L S = 11 4= T T 1= T = PSR 21
LAY ¢ Ve 11 F- Tl e 1=V T 1o o 21
Section 3 — Format of information ... rrss e sas e sa s s ss s s e snss s ranssssersanssssennssssnanas 22
13 D= 1= T8 oY 1 T | A 22
13.1 0= 1= T = 0 1= 22
132 S

13.3 [ 05 O3 =] e Yo €A U 25
13.4 RPCOrding Frames.........cocciiiiiiiiiir i smn e s s nns s sashs By Snes 26
13.5 Modulation and NRZI CONVEISION .........cciiiieiiiiieir e rrse s rrssar s s ress s ssnsssresnssssesnsssssennss frsadbnnnnres 27
13.6  PRhySiCal SECLOIS ...t et ssssr e s s sssse s e e s e s s s snme e e e s eesnnssnnmnsees Db Adhmnnnnnnnnas 28
13.7 Layout of a Recording UNit (RUN).....cccooiiiiiciiimmiiriinscsccsecrre s ssssssses s esssssssssmses s e s menlothnnmnnns s eensnnns 29
13.8 dlc. component SUPPression CONLIrol..........cccccvvveeevvereeereeseessereresersrsssssessssssssssssssseslabesForeeessensnsnnnnnne 30
14 B I = o3 G0 e 1 1 1 - 7 S 32
14.1 LN = 12T £ =T o1 S 32
L 72 I - T o T 1 . G T 32
3 T I - T o1 ] T S S 32
(T I - T3 Q- )7 T L S 32
Section 4— Format of the INformation Zone............ i TS e res s e rens s e snas s rams s s esnassserennsssssanas 51
15 General description of the Information Zone............oooo e e 51
16 Ltyout of the Information Zone ... e ——— 52
16.1 Usage of the Data Zone ... e ok e e e s e e s s e e e e e e s e e e ee s nnnn 2
16.2 Physical Sector NUmMbers (PSNS) ... s ccserr s sssn s e e s s s s sssn e s e e s mmnn e e e e s 3
17 2= T LT 4 T4« Y o = 4 4
171 8 (4= TJ7-4 o ] 5 1= 4
17.2 118 0 T2 gl T3 G I==3 74 o] o [ S 4
2 T €1 ¥ -1 o 174 oY 1= e e 5
17.4 LR Y=Y V=Y o oY s U= Y [ e 5
17.5 RESEIVEA ZONE 2 .....cceiieeeiiieiiiree s Sivtennnsisnn s ssesnssssaanssssranssssensssstansssssensssssssnssssesnssssssnsssssensnssssennnsnnnen 5
17.6 Inner Disk Identification Zone . (i, . .....c.. i reee e sss e ss s e rsns s s ranasssranssssrannssseeennnssnren 6
17.7 LR Y=Y V=T o oY U= Y0 T 6
17.8 REFErENCE COAE ZONE .....( i iiiieiiiiieiireesiiieeastreasssrrassstransssrrasssssransssssasnssssensssssssnsssssenssssssennnsnnren 6
17.9 L2 0T =T 74 oY 3 1= 6
I A% O T 03 o 31 4o Y 0 = 1 = T4 o Y 1= Y0 6
I A% T =1 1 =Y 74 oY =02 O 9
18 Drta Ao o 1= S 9
19 1o Lo | L= oY s (= 9
19.1 L2 ] U =Y g7 o 1 L= 0
19.2 LR Y=Y VL= 4o Y 1= 0
19.3 GFard A oY 3 1= 3072 0
20 OULET DIV Ar@aS.....ciceuuiiiiieiiiiieiiiiiasiireessiiresssssrensssstranssstransssstansssstennssssesnssssssnsssssensssssennnssssennssnssnnns 61
20.1 LR CEY LY V= 1740 Y s 1= T T 62
20.2 L@ UL =Y L= QO =57 74 oY o = 62
20.3 LU= 1o 74 Y 1= Y0 62
21 [ =E= Lo B UL 4o o 1= 62
21.1 L= 2= 7o Y 4 1= 63
21.2 810 L= g 0 T =3 G I==3 074 o o - 63
21.3 [T = 1 74« Y (= O 63
22 Assignment of Logical Sector NUmMbers (LSNS)......ccccciiiiiicciiecrinni i sssccsesere e s es s sssssess e s e s ssssssssmnnns 63
23 Lo 1.4 = 1 1 1V 63
iv © ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

23.1 e T o] 44 =Y 4T ' SR 64
23.2 Background fOrmatting .......cccccciiiiccciseiiiiii s e e e s e e e e e e nnnn 64
23.3  Sequential recording without formatting .........ccccceviiiccciii e ——— 67
24 DiSK CONLIOl BIOCKS ....ccuuuuiiiiiiiiemeessiiiiiressssssssiserrersssssssssreressnsssssssiemessnsssssssereesnssssssssereesnsssssnssssssssensnns 69
241 General format of Disk Control BIOCKS..........ccciiiieeeuiiiiiiiiieeiis e rssssssssss s sssssssssssss e s ssssssssssseesesnnnes 69
24.2 Format of the Formatting DCB (FDCB)........ccoociiiiiiiiiiccceciire s cssmsess e ss s s s smsne s e e s ss s mnnne s s e s snnn 71
24.3 Format of the Write inhibit DCB (WDCB).........ccccoiiiiminiirs s ssms s s ssnes 77
Section 5 — Characteristics of the groove............. e s e 79
25 (€= 0 1= - | PP 79
26 V1= 4 g ToT a3 3 (=E=3 1 4V SR  U R 79
26.1 NV 0 Y 010 (= 01 S s RS 79
26.2 RefErENCE DIFIVe....cccu et it iiieses s iresa e ress s s resnss s srsnssssranssssannsssssansssssennssssennsssnsfnsidonnnnnns]eennnsnnren 79
26.3 Definition of SigNals.........ccccociiiiiiiccccrrr s sssnene e s esssses Bhas A0 e e e e snmnn e de e eenennn 80
27 Characteristics of the groove signals.........ccccccccccmriiiininccccsecrrrre e eab s e s snmne e e e e essnes enneeennas 80
271 a0 T ET= Y0 1= o) o S P 80
(%2 S V1= ¢ B o T || =3 T o - | D IS 80
27.3  Track Cross SigNal........cccccoceiiimiiiicccisnceiensssssscssssnnsesssssssssssssnssessssssse b St e nnssessssssnnnnsenssssssnnnes deenesnnannn 81
27.4 Normalized wobble signal...........ccccccicrrcrrrrrrr s s de s e e e e 81
27.5 Characteristics of the WOoDDIe.........cccuiiiiiieec e Nesta srema s s eess s s renas s rensssseennssssefanssnnnanas 81
S¢gction 6 — Characteristics of the recording layer..........ccccovciiec S e, 82
28 V1 E=Yd g ToT a3 38 (=X=3 1 4V e S RS R 82
28.1 NV 10T 0T 0 1= 01 R R 82
28.2 RefErENCE DIIVe....ccceiieeeiiiii i iiiessa s iresas e renssisns Sa ke s e nnssssssnssssesssssssensssssennssssennsssssnnssssnennnssfeennnsnnnen 82
28.3  WIIte CONAItIONS .......iiieiiiieie i i ree s reesa e se fa e rsna s s esnssss s ennsssssansssseanssssnanssssrennssssensnnssnsdunssnnnnnas 83
28.4 Measurement CONAItIONS .....c..ciiiieiiiiieir e e i v e s re s e s rs s e e e e s n s resnas s ennssreremasrennasssrnnnssrrennsns{ernnnnnnren 83
29 Characteristics of the recorded signalsii......ccccoicriiiiniicccserrrre e smne e e e eseses | esmnenenas 84
291  Channel bit [ength........... e e e e msne e e s e s s s mnmn e e e e s e s snnnne e deenesnnnnnn 84
292 Definition of SIgNalS........cceiiiiir s i nnne e e e e s snnne e deenennnannn 84
212 ST & 1= T B3 - 1 o ] 11 4 IS 86
30 Additional testing conditioNS ... s | e 86
30.1 TeSt @NVIFONMENT ... ..o i it iiiree i rresa s rsea e rrsa s s e rans s rrsnss s rsmss st eanssssranssssrennsssssansssrennnnssssdunsssennnas 86
30.2 Definition of Signals. ... o . i e e 87
31 Quality of the recording layer ..o | 89
311 T2 = o3 Y RS 89
31.2 - L= T =Y o] = T RS 20
Sedction 7 — Characteristics of user data .........cccccciciiiiiiiiiccrr e rre e s e e s s e s e e e e e snmsnnnsfeeeseenenes 91
32 (VL= g Lo e g (X3 i Ve USSP PRSRRTRY TR 91
321 ] V1o L1 (=] 01 O RS 91
32.2 [ =5 (= = L= YUY [ 91
33 Minimum quality of a Recording Unit ... csecr e ssse e s e e s s ssan e e e e e eenes 92
331 LI = 13 (1 4T Y RN 92
X 77 © £ =] (51114 |1 (=] [ @ - | - e 92
Annex A (normative) 80 mMm +RW DL diSK .......cccciriiiimimiiiiiriinsir s s sssss s s sssss s s s sss e 93
Annex B (normative) Structure for Extended format information in the Data Zone ............cccccccceeeennnn. 98
Annex C (normative) Measurement of light reflectivity.........c.ccccconniimiiniic e, 101
Annex D (normative) Measurement of birefringence ... s 104
Annex E (normative) Measuring conditions for operation signals ...........ccccecviiiiiiiinccsncceeee, 107
Annex F (normative) Measurement of the differential phase tracking error............cccooociiriiiiicciiiccnnnenn. 110
Annex G (normative) The write pulse wave form for testing.........ccccccmiriicccisrin s 114

© ISO/IEC 2007 — All rights reserved \


https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

Annex H (normative) 8-t0-16 ModUlation ........ccccceiiiicccceiiii s sss e mnne e e e mnmn e e e e e e an 119
Annex | (normative) Optimum Power Control ... ccsse e s sssse s e s e s s mmne e e s e e snnnnn 127
Annex J (normative) Logical to Physical address translation.............ccccovomiiiiiiiccccceeen e 132
Annex K (informative) Recommended access method for players........ccccccvieccciieeerine s 133
Annex L (informative) Measurement of the groove wobble amplitude............cccccccomrriiiin e, 134
Annex M (informative) TranSportation..........cccccciiiicccciscmiiii s sssrr e sser s msn e e e e s s e mmnn e e e e e s e nnan 136
Annex N (informative) Defect Management and Physical Formatting ..........ccccocveiiiiiiciiiccnncieciias 137
Annex O [informative) Video Content Protection System..........cccccciiiniicniiniicci el 138
Annex P (informative) How to use the Physical format information in ADIP ..........cccovciiiiiinnnncen G0 139
Annex Q [informative) Values to be Implemented in Existing and Future Specifications ........0.).,-........ 141

Vi © ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
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thnical committees collaborate in fields of mutual interest. Other international organizations, gov
d non-governmental, in liaison with ISO and IEC, also take part in the work. In the field-of i
thnology, 1ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

ernational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Par
andards adopted by the joint technical committee are circulated to national bediés for voting. Pub
International Standard requires approval by at least 75 % of the national bodies casting a vote.

ention is drawn to the possibility that some of the elements of this document may be the subjec
hts. ISO shall not be held responsible for identifying any or all such(patent rights.

D/IEC 29642 was prepared by Ecma International (as ECMA:374) and was adopted, under a sp
ck procedure”, by Joint Technical Committee ISO/IEC JTC™", Information technology, in paral
proval by national bodies of ISO and IEC.
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Introduction

Ecma Technical Committee TC 31 was established in 1984 for the standardization of Optical Disks and
Optical Disk Cartridges (ODC). Since its establishment, the Committee has made major contributions to
ISO/IEC toward the development of International Standards for 80 mm, 90 mm, 120 mm, 300 mm, and

356 mm

nedia. Numerous. standards have bheen dn\/nlnpnd hy TC31 and puhliehnr‘l hy Fr\ma, almost all

of

which havi
In June 3
rewritable
standard
project an

This Inter
recording
disk and

capacity o

e also been adopted by ISO/IEC under the fast-track procedure as International Standards.

006 a group of Companies proposed to TC 31 to develop a standard for 120 mm dual lay
optical disks using Phase Change recording technology and based on the DVD* Read-O
ISO/IEC 16448) and the +RW format (ISO/IEC 17341 and ISO/IEC 26925). TC 31y adopted t
d started the work that has resulted in this International Standard.

hational Standard specifies two Types of rewritable optical disks, one (TypeS9) making use
on only a single side of the disk and yielding a nominal capacity of 8,55,Ghytes or 2,66 Gbytes
he other (Type D18) making use of recording on both sides of thecdisk and yielding a nomi
f 17,1 Gbytes or 5,32 Gbytes per disk.

This Interpational Standard, taken together with a standard for volume and file structure, such as for instan

developed
between S

in Ecma Technical Committee TC 15, provides the requirements for information interchan
ystems.
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Information technology — Data interchange on 120 mm and 80
mm optical disk using +RW DL format — Capacity: 8,55 Gbytes
and 2,66 Gbytes per side (recording speed 2,4x)

1| Scope

THis International Standard specifies the mechanical, physical and optical characteristics of 120 mm
reyritable optical disks with capacities of 8,55 Gbytes and 17,1 Gbytes. It specifies ‘the quality of the recorded
and unrecorded signals, the format of the data and the recording method, thereby allowing for ipformation
interchange by means of such disks. The data can be written, read and overwritten many times|using the
phase change method. These disks are identified as +RW DL.

THis International Standard also specifies 80 mm disks with capacities-of 2,66 Gbytes and 5,32 Gbytes. These

digks have the same characteristics as the 120 mm disks, exceptdor some parameters related to the smaller
dimensions. All parameters unique for the 80 mm disks are specified in Annex A.

THis International Standard specifies

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

—{ the conditions for conformance,

—1 the environments in which the disk is to be tested, operated and stored,

— the mechanical, physical and dimensional characteristics of the disk, so as to provide npechanical
interchange between data processing systems,

— the format of the informationion the disk, including the physical disposition of the tracks and se¢ctors, the
error correcting codes and_the coding method,

— the characteristics.of the signals recorded on the disk, thus enabling data processing systems o read the
data from the disk,

THis International ‘Standard provides for the interchange of disks between optical disk drives. Together with a
standard for volume and file structure, it provides for full data interchange between data processing $ystems.

2| ,Conformance

2.1 Optical disk

A claim of conformance with this International Standard shall specify the Type implemented. An optical disk is
in conformance with this International Standard if it meets all mandatory requirements specified for its Type.

2.2 Generating system

A generating system is in conformance with this International Standard if the optical disk it generates is in
accordance with 2.1.

© ISO/IEC 2007 — All rights reserved 1
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2.3 Receiving system

A receiving system is in conformance with this International Standard if it is able to handle both Types
optical disk according to 2.1.

2.4 Compatibility statement

of

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

reading and writing.

3 Normative references

The following referenced documents are indispensable for the application of this dogument. For dated

referenceg, only the edition cited applies. For undated references, the latest edition of the referenc
document|(including any amendments) applies.

ISO/IEC 4873:1991, Information technology — ISO 8-bit code for information interchange — Structure and ru.
for implemyentation

ISO/IEC 1|6448:2002, Information technology — 120 mm DVD — Read-only‘disk
ISO/IEC 1|6449:2002, Information technology — 80 mm DVD — Read-only disk

ISO/IEC 1|7341:2006, Information technology — Data Interchange on 120 mm and 80 mm Optical Disk us
+RW Format — Capacity: 4,7 Gbytes and 1,46 Gbytes per Side (Recording speed up to 4X)

ISO/IEC 1|7344:2006, Information technology — Data Interchange on 120 mm and 80 mm Optical Disk us
+R Formalt — Capacity: 4,7 and 1,46 Gbytes per Side (Recording speed up to 16X)

ISO/IEC 25434:2006, Data interchange on 120 mm and 80 mm Optical Disk using +R DL Format — Capac
8,55 and 2,66 Gbytes per Side (Recording spéed 2,4x)7)

ed

ty:

ISO/IEC 26925:2006, Information technblogy — Digital storage media for information interchange — Data

interchange on 120 mm and 80 mm Optical Disk using +RW HS Format — Capacity: 4,7 and 1,46 Gbytes [
Side (Recprding speed 8X)

ECMA-28Y, Safety of electronieequipment — 2"d edition (December 2002)

The efficigncy and datareliability of +RW DL disks can be improved by the use of Background Formatting a
Defect Mgnagement. An.example of such a system is referred to in Annex N.

er

nd

Unauthoriged copying and/or redistribution of video data that is recorded in the DVD+R/+RW Video Fornpat

can be prTvented by applying the Video Content Protection System as referred to in Annex O.

4 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
41

Channel bit
elements by which the binary values ZERO and ONE are represented by marks and spaces on the disk

1) ISO/IEC 25434:2006 has been cancelled and replaced by ISO/IEC 25434:2007.

2 © ISO/IEC 2007 — All rights reserved
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4.2
Clamping Zone
annular part of the disk within which the clamping force is applied by the clamping device

43

Digital Sum Value (DSV)

arithmetic sum obtained from a bit stream by allocating the decimal value +1 to bits set to ONE and the
decimal value —1 to bits set to ZERO

4.4

DT'FRE‘fEI‘EH‘CE‘Pich
plane defined by the perfectly flat annular surface of an ideal spindle onto which the clamping Zene pf the disk
is clamped, and which is normal to the axis of rotation

4.5
dymmy substrate
layer which may be transparent or not, provided for the mechanical support of the disk“and, in somg cases, of
the recording layer as well

4,
entrance surface
surface of the disk onto which the optical beam first impinges

4.
fidld
supdivision of a sector

4,

grpove
trgnch-like feature of the disk, applied before thesrecording of any information, and used to defing the track
logation

NQTE The groove is located nearer to-the entrance surface than the so-called land in between the grpoves. The
re¢ording is made on the groove.

4.9
interleaving
process of reallocating the physical sequence of units of data so as to render the data more immune to burst
erfors

4.10

mark
fefture of the récording layer which may take the form of an amorphous domain, a pit, or any other type or
form that can.bé sensed by the optical system

NQTE The pattern of marks and spaces represents the data on the disk.

4.1

phase change
physical effect by which the area of a recording layer irradiated by a laser beam is heated so as to change
from an amorphous state to a crystalline state and vice versa

412

Physical Sector

smallest addressable part of a track in the Information Zone of a disk that can be accessed independently of
other addressable parts of the Zone

413

recording layer
layer of the disk on which data is written during manufacture and/or use
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414

Reed-Solomon code (RS)
error detection and/or correction code

415

Reference velocity
linear velocity that results in the nominal Channel bit rate of 26,156 25 Mbit/s

4.16
space

feature of the

can be se

NOTE

417
spacer

nsed by the optical system

The pattern of marks and spaces represents the data on the disk.

transparent layer of the disk, provided for achieving an accurate separation of the pair of recording laygrs

which are

4.18
substrate

transparent layer of the disk, provided for mechanical support of the recordingJlayer, through which the opti

beam acc

4.19
track
360° turn

4.20
track pitc
distance b

4.21

VCPS
Video Cor
method to
DVD+R/+

4.22
wobble
continuou

NOTE

4.23
zone

accessed by the optical beam through the same entrance surface

bsses the recording layer

pf a continuous spiral

h
etween adjacent track centrelines, measured in a radial direction

tent Protection System
prevent unauthorized copying:and/or redistribution of video data that is recorded in the
RW Video Format

5 sinusoidal deviation of the track from the average centreline

Location information is included as phase modulated data in the wobble.

annular arnea=of the disk

cal

5 Conventions and notations

5.1 Representation of numbers

A measured value may be rounded off to the least significant digit of the corresponding specified value. For
instance, it implies that a specified value of 1,26 with a positive tolerance of + 0,01 and a negative tolerance

of - 0,02 a

llows a range of measured values from 1,235 to 1,274.

Numbers in decimal notations are represented by the digits 0 to 9.
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https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

Numbers in hexadecimal notation are represented by the hexadecimal digits 0 to 9 and A to F in parentheses.

The setting of bits is denoted by ZERO and ONE.

Numbers in binary notations and bit patterns are represented by strings of digits 0 and 1, with the most
significant bit shown to the left. In a pattern of n bits, bit b,_4 shall be the most significant bit (msb) and bit by
shall be the least significant bit (Isb). Bit b,,_1 shall be recorded first.

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

In Tefd; i ;
recorded first and the least significant byte (LSB) last.
Inja field of 8n bits, bit b(8n-1) shall be the most significant bit (msb) and bit by the least significant bi
Bif bgn-1) shall be recorded first.
5. Names
THe names of entities, e.g. specific tracks, fields, etc., are given with an initial’capital.
6| List of acronyms
alc. alternating current NA Numerical Aperture
DIP Address in Pre-groove NRZ Non Return to Zero
SM Asymmetry NRZI
P Byte Position NSL Normalized Slicing Level
PF Band Pass Filter OPC Optimum Power Control
AV Constant Angular Velocity OoTP Opposite Track Path
LD Constant Linear Density PAA Physical Address in ADIP
LV Constant Linear Velocity PBS Polarizing Beam Splitter
. direct current Pl Parity of Inner-code
CB Disk Control Block PLL Phase Locked Loop
ccC d.c. component suppression Control PO Parity of Outer-code
ow Direct OverWrite PP Push-Pull
SV Digital Sum Value pp peak-to-peak
CC Error Correction Code PSN Physical Sector Number
DC Error Detection Code PTP Parallel Track Path
Extended\Information RIN Relative Intensity Noise
FirstBackwards-formatted Address RPM Revolutions per Minute
FDCB Formatting DCB RS Reed-Solomon code
High Frequency RSV Reserved
ldentification Data
D ID Error Detection code RUN Recording UNit
F Low Pass filter SNR

Isb Least Significant Bit

LSN Logical Sector Number

LWA Last Written/forwards-formatted
Address

MSB Most Significant Byte

msb Most Significant Bit

© ISO/IEC 2007 — All rights reserved
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7 General description of the optical disk

The optical disk that is the subject of this International Standard consists of two substrates bonded together by
an adhesive layer, so that the recording layer(s) is (are) on the inside. The centering of the disk is performed
on the edge of the centre hole of the assembled disk on the side currently accessed. Clamping is performed in
the Clamping Zone. This International Standard provides for two Types of such disks.

Type S9  consists of a substrate, a dummy substrate and two recording layers with a spacer between them.
Both recording layers can be accessed from one side only. The capacity is 8,55 Gbytes for the
120 mm sized disk and 2,66 Gbytes for the 80 mm sized disk.

Type D18 consists of two substrates, each having two recording layers with a spacer between those \tywo
recording layers. From each side of the disk only one pair of recording layers can be accessed.
The capacity is 17,1 Gbytes for the 120 mm sized disk and 5,32 Gbytes for the 80 mmsizéd digk.

Data can pe written onto the disk as marks in the form of amorphous spots in each of the crystalline recording
layers and can be overwritten with a focused optical beam, using the phase change effect betwefn
amorphous and crystalline states. The data can be read with a focused optical beam, using the phase change
effect as the difference in the reflectivity between amorphous and crystalline states.

Figure 1 ghows schematically the two Types. The two layers forming a pair of‘técording layers that can pe
accessed[from one side of the disk, are identified as Layer 0 (LO) and Layer 1(L1). Layer O is the layer neafer
to the entfance surface.

The beam accesses Layer 0 through a transparent substrate of the disk:

Layer 1 ig accessed through the same transparent substrate, through Layer 0, which for this purpose has|to
be semi-tnansparent, and through a transparent spacer.

In the Type S9 disk, generally Layer L1 is placed on.the*Dummy Substrate and the functions of Adhesive

Layer and| Spacer Layer are combined.

lEntrance surface

|

«— Substrate

l«— Recording Layer 0

] [«—— Spacer / Adhesive Layer
<——— Recording Layer 1
<«— Dummy Substrate

iEntrance surface

T Substrate
Recording Layer 0
/ Spacer

Recording Layer 1

| [

N

WpeD18 o o A T <{(Adhesi\_/e Layer
kit it S
[e—_ " Recording Layer 0

! Substrate
Entrance surface

Figure 1 — Types of +RW DL disk
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General Requirements

8.1 Environments

8.1.2 Test environment

In the test environment, the air immediately surrounding the disk shall have the following properties:
temperature: 23°C+2°C

relative humidity: 45 % to 55 %

atfnospheric pressure:. 60 KPa 10 106 KPa

N@ condensation on the disk shall occur. Before testing, the disk shall be conditioned in this'enhvirgnment for
48 h minimum. It is recommended that, before testing, the entrance surface of the disk shall be cleaned
ageording to the instructions of the manufacturer of the disk.

Unless otherwise stated, all tests and measurements shall be made in this test environment.

8.1.3 Operating environment

THis International Standard requires that a disk which meets all requiremeénts of this International Standard in
thé specified test environment shall provide data interchange over the specified ranges of environmental
parameters in the operating environment.

THe operating environment is the environment where the air immediately surrounding the disk shall have the
following properties:

temperature: 5°Cto55°C

relative humidity: 3% to85%

alsolute humidity: 1 g/m3 to.30 g/m3

atmospheric pressure: 60 kPa\to106 kPa

temperature gradient: 10.°G/h max.

relative humidity gradient: 10 %/h max.

N@ condensation on the disk shall occur. If the disk has been exposed to conditions outside those specified in
this clause, it shall be acclimatized in an allowed operating environment for at least 2 h before use.

8.1.4 Storage environment

THe storage environment is*defined as the environment where the air immediately surrounding the| disk shall
have the following preperties:

temperature: —-10°Cto 55 °C

relative humidity: 3 % to 90 %

alsolute humidity: 1 g/m3 to 30 g/m3

atmospheric pressure: 60 kPa to 106 kPa

temperature gradient: 15 °C/h max.

relative humidity gradient: 10 %/h max.

No condensation on the disk shall occur.

8.1.5 Transportation
This International Standard does not specify requirements for transportation; guidance is given in Annex M.

8.2 Safety requirements

The disk shall satisfy the safety requirements of Standard ECMA-287, when used in the intended manner or in

an

©l

y foreseeable use in an information processing system.
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mability

The disk and its components shall be made from materials that comply with the flammability class for HB

materials,

or better, as specified in Standard ECMA-287.

9 Reference Drive

The Reference Drive shall be used for the measurement of optical parameters for conformance with the
requirements of this International Standard. The critical components of this device have the characteristics

specified i

9.1 Optic

The basic
paramete

that the pgrformance remains the same as that of the set-up in Figure 2.

The optic
minimized
The comi
optical be
shall have

During md

measurements on the layer under investigation. To cope withithese effects, the photo detector shall h

h this clause.

al system

set-up of the optical system of the Reference Drive used for measuring the (over)write and read
s is shown in Figure 2. Different components and locations of components are permitted, provided

bl system shall be such that the detected light reflected from the entrance' surface of the disk|
so as not to influence the accuracy of the measurements.

S

ination of the polarizing beam splitter C and the quarter-wave plate D shall separate the entrance
hm from the laser diode A and the reflected optical beam from thé&.optical disk F. The beam splitteff C
a p-s intensity reflectance ratio of at least 100.

asurements on one layer of a dual-layer disk, light reflected from the other layer can influence %Je
h

limited dimensions. Its length and width shall be betweén® M x 9 um and M x 12 um, where M is the
transversgl optical magnification from the disk to its conjugate plane near the quadrant photo detector G.
I H
7 U Read Channel 1
2 >
+
G Hy
1 /
a b + + =t Read Channel 2
—> Hy - "
Tangential
Iq I, | (track T
direction I |l 1l g
G
A F ]
A B C D E
A Laser diode F Optical disc o
B Collimator lens G 4 quadrant photo detector
C Polarizing beam splitter H,, Hy, Hy, Hy d.c. coupled amplifiers
D Quarter-wave plate Lo los 1o 1y Output currents from photo detector G
E Objective lens Iy, 15 Summed output currents of Hg, H,
Figure 2 — Optical system of the Reference Drive
8 © ISO/IEC 2007 — All rights reserved
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9.2 Optical beam

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

10
a) Wavelength (%) 655nm "
-5nm

b) Numerical aperture of the objective lens (NA) 0,65 + 0,01

c) The objective lens shall be compensated for spherical aberrations caused by a parallel substrate with
nominal thickness (0 6 mm) and naominal refractive index (1 55)

d)| Wave front aberration 0,033 x A rms max.
e)| Lightintensity at the rim of the pupil of the 35 % to 50 % of the maximum intehsity in the radial
objective lens direction and 45 % to 60 %
in the tangential direction.
f)| Polarization of the light Circular
g)| Normalized detector size 80 um2 < S/ M2 < 144,um?

where S is the total surface of the quadrant photo detector

h)| Read power (average) 1,2mW £ 0,1 mW
(d.c. or HF modulated with a frequency >400 MHz)

i) [ Write power and pulse width see Anhex G
j) | Relative Intensity Noise (RIN )* of the laser diode -134 dB/Hz max.
*RIN (dB/Hz) = 10 log [(a.c. light power density / Hz)./ d.c. light power]

9.8 Read channel 1
Rgad channel 1 shall be provided to generate signals from the marks and spaces in the recording layer. This
Rgad channel shall be used for reading the-user-written information, using the change in reflectiyity of the
marks and spaces due to the phase change effect. The read amplifiers after the photo detectors in the Read
chiannel shall have a flat response wijthin-1 dB from d.c. to 20 MHz.

Fdr measurement of jitter, the characteristics of the PLL and the slicer, etc. are specified in Annex E

9.4 Disk clamping

Fgr measuring, the disk’shall be clamped between two concentric rings covering most of the Clamjping Zone
(s¢e 10.5). The top clamping area shall have the same diameters as the bottom clamping area (Figure 3).

© ISO/IEC 2007 — All rights reserved 9
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¢ dout >

Clamping

din

The total

of force g
disk, Fo' s
The taper

9.5 Rotaf
The actud

3,83 m/s A
counter-cl

The actud
paramete
Zone of th

9.6 Wobl

Read cha

Figure 3 — Clamping and chucking conditions

shall occur between

+0,5mm +0,0mm
=22,3mm and dgy =32,7 mm
-0,0mm -0,5mm

lamping force shall be F; =2,0 N £ 0,5 N. In order to prevent warping of the disk under the mom
nerated by the clamping force and the chucking foree.F, exerted on the rim of the centre hole of
all not exceed 0,5 N (see Figure 3).

bd cone angle, a, shall be 40,0° + 0,5°.

lion of the disk

| rotation speed for reading the, disk shall be such that it results in the Reference velocity
0,03 m/s at the nominal Channel bit rate of 26,156 25 Mbit/s. The direction of rotation shall
bckwise when viewed from ‘the objective lens.

| rotation speed (v4gtyal) for writing the disk shall be such that it includes all velocities for wh
s are specified inCthe Physical format information in the ADIP Aux Frames in the Lead-in/Lead-(
e disk (see 14.4.1.1 and 14.4.2).

ple channel (Read channel 2)

nt
e

of
be

ut

disk durin

hnel\2'of the drive provides the wobble signals to control the access to addressed locations on z:e

g“writing. The wobble signal is generated in Read Channel 2 as a signal (/4 - I5) related to

e

difference in the amount of light in the two halves of the exit pupil of the objective lens. The read amplifiers
after the photo detectors in the Read channel shall have a flat response within 1 dB from d.c. to 20 MHz.

9.7 Tracking channel (Read channel 2)

Read channel 2 of the drive provides the tracking error signals to control the servos for radial tracking of the
optical beam. The radial tracking error is generated in Read Channel 2 as a signal (/; — I,) related to the

difference

in the amount of light in the two halves of the exit pupil of the objective lens.

The method of generating the axial tracking error is not specified for the Reference Drive.

10
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For measuring the disk characteristics, the focusing of the optical beam on the recording layer under test shall
be optimized for each recording layer independently. The criterion for the best focus shall be maximum
modulated signals (see 29.2.2).

9.8 Reference servo systems

9.8.1 Normalized servo transfer function

The open-loop transfer function, Hg(io) for the axial and radial tracking servos is given by equation (1),

3io

1 (o) e
Hg(io) == x| —% | x——2— (1)

3 io 14 [}

30)0

where: 1=+4/—-1, 0=2nfand og=2nf,

and f; is the 0 dB crossover frequency of the open-loop transfer function.

THe crossover frequencies of the lead-lag network of the servo are

lead break frequency: f; =1, / 3

lag break frequency: f, =1 x 3

Another frequency of importance is the frequency fy at which a sinusoidal displacement with an|amplitude
edual to the maximum allowed residual tracking .effor e.,, corresponds to the maximum| expected
acgceleration o5, This frequency can be calculated as-follows:

£ _ 1 [%max
X = /

21\ emax
Begcause 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 Ipop gain),
such to guarantee the specifiedthandwidth.

9.8.2 Reference Servofor Axial Tracking

THe crossover frequency of the normalized servo transfer function (Hy) for axial tracking, fy = @ ¢ / (2n) shall
be given by equation (2), where o,,, is the maximum expected axial acceleration of 8,0 m/s4 which is
multiplied by a_fastor m = 1,5 for servo margin. The tracking error e caused by this mxa,, 4, shall be
0,20 um.

max’

THus the,crossover frequency fy shall be given by

4 2 4 L Q
LOXU

[o 4 [
_ T TATIT AT ax :_I —U = 2’1 kHZ 2
fo 27r\/ e 27r\/o,20x10*6 @

max

For an open loop transfer function H of the Reference Servo for axial tracking, |1+H| is limited as
schematically shown by the shaded region of Figure 4.

Bandwidth from 100 Hz to 10 kHz

[ 1+H | shall be within 20% of | 1+H|.

© ISO/IEC 2007 — Al rights reserved 11
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Bandwidth from 26 Hz to 100 Hz

| 1+H | shall be within the limits enclosed by the following four points.

1) 41,7dBat100Hz (| 1+Hg| at 100 Hz - 20 % )
2) 452dBat100 Hz (|1+Hg| at 100 Hz +20 %)

3) 651dBat26Hz  (|1+Hg| at26 Hz-20 %)

4) 851¢Bat26Hz  (|1+Hg| at26 Hz-20 % + 20 dB)
Bandwidfh from 9,5 Hz to 26 Hz
| 1+H| shall be between 65,1 dB and 85,1 dB.

Gain (dB)

85,1 |- __ : |
80 :\

65,1
60

45,2
41,7

20

AN

0 E E v
-10 -

1 9,5 ,26 100 1000 10000 100000
Frequency (Hz)

Figure 4 — Reference servo for axial tracking

9.8.3 Reference Servo for Radial Tracking
The crosspver frequency of the normalized servo transfer function (Hg) for radial tracking, fo = wo / (2r) shall

be given Y cquaﬁun (3), where Tmax is—the—raxiam c/\pcbtcd radtatacceteration—of 1,1 mts S whieh' is
multiplied by a factor m = 1,5 for servo margin. The tracking error e caused by this mxa,,,, shall be
0,022 um.

max’

Thus the crossover frequency fj shall be given by

fozl 3xmMxamy _ 1 MZQA kHz (3)
27 € max 27\ 0,022x10~

12 © ISO/IEC 2007 — Al rights reserved
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For an open loop transfer function H of the Reference Servo for radial tracking, |1+H| is limited as

schematically shown by the shaded region of Figure 5.
Bandwidth from 100 Hz to 10 kHz

| 1+H | shall be within 20% of | 1+H | .

Bandwidth from 28,2 Hz to 100 Hz

| +H| shall be within the limits enclosed by the following four points

1) 37dBat100Hz  (|1+Hg| at 100 Hz - 20 %)
2)| 47,2dBat100Hz (| 1+Hg| at 100 Hz + 20 % )
3)| 656dBat282Hz (|1+Hg| at28,2 Hz-20 % )

4)| 856dBat282Hz (|1+Hg| at 28,2 Hz - 20% + 20 dB)
Bandwidth from 9,5 Hz to 28,2 Hz

| 1+H| shall be between 65,6 dB and 85,6 dB.

Gain (dB)

856 |- : :
80 | :\

65,6
60

47,2
43,7

20 : | \
S a; N
-10 A
1 95 282 100 1000 10000 100000

Frequency (Hz)

Figure 5 — Reference servo for radial tracking
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Section 2 — Dimensional, mechanical and physical characteristics of the disk

10 Dimensional characteristics

Dimensional characteristics are specified for those parameters deemed mandatory for interchange and
compatible use of the disk. Where there is freedom of design, only the functional characteristics of the
elements described are indicated. The enclosed drawing, Figure 6 shows the dimensional requirements in
summarized form. The different parts of the disk are described from the centre hole to the outside rim.

< ds >
< d; P
de g
ds

ds
d,—>
N (e T\
W E 1* transition area View &
2" transition area

Clamping zone
3"transition atea
Information<Zone
Rim area

A

A

7y
e >
5

] e,
4 | Az |
h5 e, hs h4 e
View A - Transition areas and Clamping zone
N d,

W T m
-
%?X\zwg

View B - Rim area

Figure 6 — Physical disk dimensions
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10.1 Reference Planes

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

Reference Plane P is the primary Reference Plane. It is the plane on which the bottom surface of the

Clamping Zone rests (see 10.5).

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

Zone (see Figure 6).

10.2 Overall dimensions

THe disk shall have an overall diameter (for 80 mm disk see Annex A)

d4 =120,00 mm + 0,30 mm

THe centre hole of a substrate or a dummy substrate shall have a diameter (see Figure 7)

40,15 mm
—0,00 mm

dsubstrate =19,00 mm
THe hole of an assembled disk, i.e. with both parts bonded together, shall have a diameter
d, = 15,00 mm min.

Error! Objects cannot be created from editing field codes.

Figure 7 — Hole diameters for an assembled disk

THe corners of the centre hole shall be free of any burrs or sharp features and shall be roun
chiamfered by

hg = 0,1 mm max.
THe thickness of the disk shall be

+0,30 mm
eq=1,20mm
-0;06'mm

Hed off or

© ISO/IEC 2007 — All rights reserved
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10.3 First transition area
In the area defined by d, and
d3 = 16,0 mm min.

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

10.4 Second-transition-area

This area shall extend between diameter d3 and diameter
dy = 22,0 mm max.

In this arda the disk may have an uneven surface or burrs up to 0,05 mm max. beyond.-Reférence Planeq P
and/or Q.

10.5 Clamping Zone
This Zone|shall extend between diameter d4 and diameter
ds = 33,0 mm min.

Each sidg of the Clamping Zone shall be flat within 0,1 mm. The top side of the Clamping Zone, i.e. that|of
Referencqg Plane Q shall be parallel to the bottom side, i.e. thaf of Reference Plane P within 0,1 mm.

In the Clamping Zone the thickness e, of the disk shall bg

+0,20 mm
-0,10 mm

ey =1,20 mm

10.6 Thipd transition area

This area shall extend between diameter dg and diameter
dg = 44,0 mm max.

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

hy = 0,25 mm-max.

or below Reference Plane Q by

hy = 0,170 mm max.

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

hz = 0,10 mm max.

or below Reference Plane P by

hy = 0,25 mm max.

16 © ISO/IEC 2007 — Al rights reserved
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10.7 Information Zone

The Information Zone shall extend over both recording layers between diameter dg and diameter

d; =117,5 mm min (for 80 mm disk see Annex A).

10.7.1 Sub-division of the Information Zone

The main parts of the Information Zone are (see Figure 8):

TH
at

wh

Th
as

TH

one Lead-in Zone and one Lead-out Zone
one Data Zone (the two parts of the Data Zone, extending over the two layers, are sho

two Middle Zones
two Outer Drive Areas.

e beginning of the Data Zone on Layer 0 and the default end of the Data Zone onLayer 1 shall
diameter

— +0,00 mm
dg =48,00 MM 040 mm

the start of the Lead-in Zone (see also 16.1).

e end of the Data Zone on Layer 0 and the beginning of the Data Zone on Layer 1 shall be

diameter

wh

0,1

dg = 116,00 mm max,
ich is the beginning/end of the Middle Zones (for 80 mm disk see Annex A).

e radial misalignment (JAR]|) between the outer edges of the Data Zones on Layer 0 and Layer
0 mm max.

vn as the

maximum available zones for the storage of user data and shall be treated as one contiguous Djata Zone)

be located

ich is the end of the Lead-in Zone on Layer 0 and the default beginhing of the Lead-out Zone on Uayer 1.

e Lead-out Zone shall start immediately after the Data Zone{onvLayer 1 and end at about the same location

located at

1 shall be

© ISO/IEC 2007 — All rights reserved
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R=22mm R=234mm R=24mm R =58 mm
= norr?inal non?inal norr|1ina| norr|1inal

| | |

' ' ' AR Middle Outer Drive

I Lead-omIJt Zone I Data Zone I %Zone 1 Area 1
Layer 1 ——

| Final Zone | | P E— |

| | | spiral direction |
Spacer | ! | | Middle Outer Drive

| Lead-in Zone ' Data Zone | Zone0  AreaO

HHHHHHH\HH' / \ I
Layer O LT / \ E

| Initial Zone | el dreciZy

piral direction
Substrate
Optical ntrance surface
beam
Figure 8 — Layout of the Information Zone
10.7.2 Tyack mode
+RW DL disks shall only use the so-called Opposite Track Path,(OTP) mode. In this mode, tracks are refad
starting op Layer O at the inner diameter of the Information Zone, continuing on Layer 1 from the oufer
diameter fowards the inner diameter. Thus, there is a MiddlexZone at the outer diameter on both layers (see
Figure 8).
The spiralftrack is running from the inside to the outside‘on Layer 0 and in the reverse direction on Layer 1.
10.8 Rim area
The rim afea is that area extending from diameter d; to diameter d,. In this area the surfaces are permitted| to
both extend beyond Reference Plane Q:or Reference Plane P
hg = 0,1 mm max.
The outell corners of the disk“shall be free of any burrs or sharp features and shall be rounded off|or
chamfered by
h7 = 0,2 mm max.

10.9 Remark'on tolerances
A” helght: Spnr\:ﬁaﬂ |n +ha prnr\nr]lnn C!auses and :nd:cated h‘\’l h are :nﬂnpnnﬂnnf 'Frr\m nor\h n+hnr T]ls

means that, for example, if the top surface of the third transition area is below Reference Plane Q by up to h2,
there is no implication that the bottom surface of this area has to be above Reference Plane P by up to hs.
Where dimensions have the same - generally maximum - numerical value, this does not imply that the actual
values have to be identical.

11 Mechanical characteristics

11.1 Mass

The mass

18

of the disk shall be in the range of 13,0 g to 20,0 g (for 80 mm disk see Annex A).
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.2 Moment of inertia

The moment of inertia of the disk, relative to its rotation axis, shall not exceed 0,040 g~m2 (for 80 mm disk see

An

11

nex A).

.3 Dynamic imbalance

The dynamic imbalance of the disk, relative to its rotation axis, shall not exceed 2,5 g-mm (for 80 mm disk see

An

nex A).
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.4 Axial runout

hen measured by the optical system with the Reference Servo for axial tracking, thecdisk rota

ference velocity of 3,83 m/s (see 9.5), the deviation of each recording layer from its.nominal pos
ection normal to the Reference Planes shall not exceed 0,30 mm.

.4.1 Tracking requirements at the Reference velocity (CLV)

e residual tracking error below 10 kHz, measured on the blank disk using the Reference Serv
cking and the disk rotating at the Reference velocity, shall not exceed 0,13 pum (displacem
jective lens needed to move the focal point of the optical beam onto the recording layer).

e measuring filter shall be a Butterworth LPF,

fs (-3 dB): 10 kHz, with slope : -80 dB/decade.

.5 Radial runout
e runout of the outer edge of the disk shall notexceed 0,30 mm peak-to-peak.

e radial runout of tracks shall not exceed 70 um peak-to-peak on each recording layer.

.5.1 Tracking requirements at the Reference velocity (CLV)
e residual tracking error below, 1,1 kHz (= fy as defined in 9.8), measured on the blank disk

ference Servo for radial tracking and the disk rotating at the Reference velocity of 3,83 m/s (see
t exceed 0,015 um.

e measuring filter shall be a Butterworth LPF,

f; (-3 dB) : 1)1\kHz, with slope : -80 dB/decade.

e rms noise value of the residual error signal in the frequency band from 1,1 kHz to 10 kHz, mea
integration time of 20 ms, using the Reference Servo for radial tracking, shall not exceed 0,016

Th

e mpncuring filter shall be a Butterwaorth BPE

frequency range (-3 dB): 1,1 kHz, with slope: +80 dB/decade
to: 10 kHz, with slope : -80 dB/decade.

12 Optical characteristics in the Information Zone

12.1 Index of refraction

The index of refraction IR of the substrate in the Information Zone shall be 1,55 + 0,10.

©l
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The index of refraction of the spacer shall be (IR + 0,10)

12.2 Thickness of the substrate

The thickness of the substrate or the thickness of the substrate + the spacer, from the entrance surface to the
recording layer concerned, varies with the index of refraction of the substrate/spacer and shall be defined as

the enclosed region in Figure 9.

+15um

The thickness of the spacer shall be: 55 um ~10um”

more thany 10 um pp.

\ (1,45; 0,645)

Pl
4 (145057510 N\ "~ -- ~-1(1,65; 0,562)

Layer O

0,640 (1,56; 0,632) (1,65; 0,632)

Thickness| N Layes {
(mm) | . :

_____ A _

0,620 5

@®

o

)

n +

2

(]

0,600 Nominal thickness E

of Spacer (55 ) S

7] S

2]

0N

- 2

0,580 N £

\ < E

IS

>

£

X

©

=

(1,56; 0,562)—
Minimum thickness of substrate|

0,560+

<€

| | | | | | |
1,40 1,50 1,60 1,70

Index of refraction

Figure 9 — Thickness of the substrate

12.3 Reflectivity

The doulle=pass optical transmission of the involved layers and the reflectivity of the recording lay

concernedare megsured-togetherasthe Teftectance R of that recordimgtayer—Whermmeasured—according
Annex C the value of R shall be in the Information Zone

0.05<R4<0.10 in the unrecorded groove on Layer O and Layer 1
(in an area where both layers are unrecorded),

Within each side of a disk, this thickness shall not vary

er
to

additionally the following condition shall be met at each location on the disk (same radial and tangential

y Ra.Lo
position on LO and L1): 0,80 < —— <1,25
d,L1
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0.05 < R4y =0.10 inthe recorded groove on Layer 0 and Layer 1
(in an area where both layers are recorded),

additionally the following condition shall be met at each location on the disk (same radial and

R
position on LO and L1): 0,80 < —4HL0 4 o5
14H,L1

tangential

Because of the low reflectivity, some older devices might not be able to detect the presence of the disk

correctly and could accidentally hit the surface of the disk. An optional hard coat on the disk could prevent scratches

Al bt
Ca spejwiv) U‘y QUUITTIILO.

TH

agcording to Annex D.

12

TH

and the reflected beam (see Figure 10). The incident beam shall have ‘@ diameter in the range 0
3,0 mm. This angle a includes deflection due to the entrance surface @nd to the unparallelism of the

lay

TH

.4 Birefringence

e birefringence of the substrate and of the substrate + spacer shall not exceed 60\nm when

.5 Angular deviation

e angular deviation is the angle o between a parallel incident beam perpendicular to the Referend

er with the entrance surface.

Substrate

Recordingdayer

Entrance surface

“

Reflected beam

Incident beam

Figure 10 — Angular deviation a

ecangular deviation shall be

measured

e Plane P
30 mm to
recording

©l

In radial direction : |(x| = 0,70° max .
The variation of o in radial direction over one revolution shall be 0,80° peak-to-peak max.

In tangential direction : |a| = 0,30° max.

SO/IEC 2007 — Al rights reserved
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Section 3 — Format of information

13 Data format

The data received from the host, called Main Data, is formatted in a number of steps before being recorded on
the disk.

It is transformed successively into

— aDatp Frame,

— a Scrgmbled Frame,
— an EQC Block,

— 16 Regcording Frames,
— 16 PHhysical Sectors,
— a Regording Unit.

These steps are specified in the following clauses.

13.1 Data Frames

(Figure 11). The first row shall start with three fields, called, Identification Data (ID), ID Error Detection Code
(IED), and RSV bytes, followed by 160 Main Data bytesThe next 10 rows shall each contain 172 Main Data
bytes, angl the last row shall contain 168 Main Data“bytes followed by four bytes for recording an Erfor

Detection [Code (EDC). The 2 048 Main Data bytes ‘are identified as Dg to Dy 47-

A Data Frame shall consist of 2 064 bytes arranged in anlarray of 12 rows each containing 172 b);Fs

172 bytes
4 2 6
bytes |bytes | bytyes
ID IED RSV Main data 160 bytes (Dg - D459)

Main data 172 bytes (D160 - D331)

Main data 172 bytes (D332 - Dsg3)

Main data 172 bytes (Dsg4 - Dg75)

Main data 172 bytes (Dg76 - Dga7)

Main data 172 bytes (Dgag - D1 019)

12 rows Main data 172 bytes (D1 920 - D1 191)

Main data 172 bytes (D1 192 - D1 363)

Main data 172 bytes (D1 364 - D1 535)

Main data 172 bytes (D1 536 - D1 707)

Main data 172 bytes (D1 705 - D1 879)

Main data 168 bytes (D1 ggo - D2 047) EDC
4 bytes

Figure 11 — Data Frame
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This field shall consist of four bytes, the bits of which are numbered consecutively from bg (Isb) to b3 (msb),

see Figure 12.

(msb) bg, Doy b3

bo (Isb)

Sector Information

€— Physical Sector Number

—

( D31

b 30 b29 b28 b 27 b 26
Sector format| Tracking Reflectivity Reserved Zone Data Layer
type method type type number

Figure 12 — Identification Data (ID)

THe bits of the most significant byte, the Sector Information, shall be set as follows:
Bif b34 shall be set to ZERO, indicating a CLD format
Bif b3 shall be set to ONE, indicating groove tracking ($€e clause 14)
Bif bog shall be set to ONE indicating that the reflectance is less than 40 %
Bif bog shall be set to ZERO
Bifs by7 to byg  shall be set to

ZERO ZERO in the Data Zone

ZERO ONE in the Lead-inZone

ONE ZERO in the Lead*out Zone

ONE ONE in the Middle Zone
Bif bog shall be set/to ONE, indicating Rewritable data.
Bif boy shall besetto ~ ZERO on Layer 0

ONE on Layer 1

The least significant three bytes, bits bog to by , shall specify the Physical Sector Number in binar

I/ notation.

THe Physical*Sector Number of the first Physical Sector of an ECC Block shall be an integer multiplg of 16.
13.1.2.ID Error Detection Code (IED)
Wher-dentifying-al-bytes-of-the-arrayr-shewrinFigure—tHas C,’J for—0-to—and+—0-te—4+—He bytes of
IED are represented by Co,j for j =4 to 5. Their setting is obtained as follows.
5 .
IED(x)= > Cg ;x°>~/ =1(x) x* mod GE(x)
j=4
3 .
where  1I(x)= ZCOJX3_/ and  GEg(x) = (x + 1)(x + )
j=0
o is the primitive root of the primitive polynomial P(x) = x 8ixtex3+x241
© ISO/IEC 2007 — All rights reserved 23
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13.1.3 RSV

This field shall consist of 6 bytes. The first byte may be set by the application. If not specified by the application,
it is reserved and shall be set to (00). The remaining 5 bytes are reserved and shall all be set to (00).

Under no circumstance may other data received from the host be recorded in this field.

Circumvention: Recorders and recording drives shall be considered as circumvention devices when these
are produced to record, or can easily be modified to record, in any manner, a user-defined number in this field.

13.1.4 Error Detection Code (EDC)

This 4-byte field shall contain the parities of an Error Detection Code computed over the preceding
2 060 bytgs of the Data Frame. Considering the Data Frame as a single bit field starting with the-most
significan{ bit of the first byte of the ID field and ending with the least significant bit of the EDC field, then this
msb will be b4g 514 and the Isb will be b,. Each bit b; of the EDC is shown as follows for i = 0 to 31.

31 )
EDC{x)= > b; x' =I(x) mod G(x)
i=0

16511

where  I{x)= Zb,-xi and G(x) = x32 + x31 + x4 + 1
i=32

13.2 Scrlambled Frames

The 2 044 Main Data bytes shall be scrambled by means of the_circuit shown in Figure 13 which shall congist
of a feedback bit shift register in which bits r, (msb) to ry (Isb).represent a scrambling byte at each 8-bit shift

o)

i |

Fg | T3 (T2 M1 |Toftot s | 7 | Te [ s [ Ta| T3 | T2 | T | To

A 4 A A 4 A 4 A 4 A 4 Y A 4
S, at each 8-bit shift

Figure 13 — Feedback shift register

At the beginning of the §crambling procedure of a Data Frame, positions rq4 to ry shall be pre-set to the
value(s) specified in Table 1 (the msb of the pre-set value shall be discarded). The same pre-set value sHall
be used f}r 16 consegutive Data Frames. After 16 groups of 16 Data Frames, the sequence is repeated. The

initial pre-pet numbeér is equal to the value represented by bits b; (msb) to b, (Isb) of the ID field of the Data
Frame. Table 1\specifies the initial pre-set value of the shift register corresponding to the 16 initial pre-set
numbers.
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Table 1 — Initial values of the shift register

Initial pre-set Initial pre- Initial pre-set Initial pre-set
number set value number value
(0) (0001) (8) (0010)
(1) (5500) (9) (5000)
(2) (0002) (A) (0020)
(3) (2A00) (B) (2001)
(4) (0004) (C) (0040)
(5) (5400) (D) (4002)
(6) (0008) (E) (0080)
(7) (2800) (F) (0005)

THe part of the initial value of r; to ry is taken out as scrambling byte S . Aftefthat, an 8-bit shift i
2 047 times and the following 2 047 bytes shall be taken from r; to ry as serambling bytes S to S

Main Data bytes D, of the Data Frame become scrambled bytes D’, where

D,=D,® S, fork=0to2047

13.3 ECC Blocks

An ECC Block is formed by arranging 16 consecutive Scrambled Frames in an array of 192 rows of
egch (Figure 14). To each of the 172 columns 16 bytes of Parity of Outer Code are added, then, to ¢
regulting 208 rows, 10 bytes of Parity of Inner Code are added. Thus a complete ECC Block com
roys of 182 bytes each. The bytes of this array. are'identified as B,-,j as follows, where i is the row niimber and

g the column number.

J

iy

iy

(® stands fo

r Exclusive, OR)

B,jfori=0to 191 andj=0to 171 are bytes from the Scrambled Frames
B;|: for i =192 to 207 and j = 0 to 171(are bytes of the Parity of Outer Code
B;|:for i=0to 207 and j = 172 to 181 are bytes of the Parity of Inner Code

repeated

172 bytes
ach of the
prises 208

PI
< 172 bytes >« 10 bytes—|
A B B B B B B
0,0 0,1 0,170 0,171 0,172 0,181
B1 0 B1 1 B1 170 B1,171 B1,172 B1,181
BZ,O BZ1 B2,170 B2,171 B2,172 B2,181
192 rows
B189,0 B189,1 B189,170 B189,171 B18a172 B18a181
B19Q0 B19Q1 B19Q170 B19Q171 B19Q172 B19Q181
v B191,0 B191,1 B191,170 B191,171 B191,172 B191,181
? B192,0 B192,1 B192,170 B192,171 B192,172 B192,181
PO 16rows
¢ BZOZO BZO7,1 BZO7,1 70 BZO7,1 71 B207,1 72 B207,1 81

© ISO/IEC 2007 — All rights reserved

Figure 14 — ECC Block
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The PO and PI bytes shall be obtained as follows.

In each of columns j = 0 to 171, the 16 PO bytes are defined by the remainder polynomial Rj(x) to form the
outer code RS (208,192,17).

207
R;(x)= Y B x**" =1;(x) x"® mod Gpo (x)
i=192
191 1914 15 «
where  IFt="Brx - —and—6pstx=TH xS
i=0 k=0

In each of rows i/ = 0 to 207, the 10 PI bytes are defined by the remainder polynomial R/(x) to form the inger
code RS(182,172,11).

181

Ri(x)= > B;; x"®™ =1;(x) x"° mod Gp(x)
j=172

where Ix)—ZB,/xW“ and Gp(x

z:«o
><
+
Q

8

a is the prjmitive root of the primitive polynomial P(x) = x ° + x4

3 2

+ xR+ X<+ 1

13.4 Re¢ording Frames
Sixteen Recording Frames shall be obtained by interleaving one of the 16 PO rows at a time after every
12 rows of an ECC Block (Figure 15). This is achieved-by re-locating the bytes B, ; of the ECC Block as By, ,
for
m=jpint[i/12] andn=j fori<19
m=13x(i-191)-1 and n = jforix 192

where int [x] represents the largest(integer not greater than x.

Thus the [37 856 bytes of anCECC Block are re-arranged into 16 Recording Frames of 2 366 bytes. Each
Recordind Frame consists of-an array of 13 rows of 182 bytes.
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< 182 bytes B>
T S Boirt | Boara | <+ - Bo 161 T
13 & =~ Recording
rows Frame O
Bigg | «veeemi Bzt | Bz | -+ - - - Bi1.181
Il Brggg | " rrrrrrr Bioz171 |Brazaz2 | * - - - B1g2 181 il
1 Y Bisss | Biagza | oo Bua o 4
13 = = Recording
rows Frameg 1
Bogg |+ rrrrrree Bas171 | Bazaza| - - - - - By 181
B193,O ................... B193,171 B193Y172 ..... B193,181
= _— Recording
7 Frames P - 14
I Bigoo [« rrrrrr Bigotzs [Brso72 | - - - - B1sgo, 181 T
13 & =~ Recording
rows Frame|15
Bigro [ »----vrere e 8 Bio1.171 |Bigtz2 | + - - - - Bio1.181
8207’0 ------------------- 8207,171 8207,172 ----- 8207’181
Figure 15 — Recording Frames obtained from an ECC Block
13.5 Modulation and NRZI conversion
THe 8-bit bytes of each'\Recording Frame shall be transformed into 16-bit Code Words with the fun length
limitation that between 2’ ONEs there shall be at least 2 ZEROs and at most 10 ZEROs (RLL(2,10)). Annex H
specifies the conyersion tables to be applied. The Main Conversion table and the Substitution tablg specify a
16-bit Code Ward for each 256 8-bit bytes with one of 4 States. For each 8-bit byte, the tables indicate the
corresponding €ode Word, as well as the State for the next 8-bit byte to be encoded.
THe 16<bit Code Words shall be NRZI-converted into Channel bits before recording on the [disk (see
Figfure 16). The Channel clock period is the time between 2 consecutive Channel bits.
© ISO/IEC 2007 — All rights reserved 27
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8-bit 16-bit .
Exclusive-OR
bytes Code Words
——» modulator > NRZ )

16-bit Code Word pattern: 0‘1 ‘0‘0‘1‘0‘0‘0‘1‘0‘0‘0‘0‘ 1‘ o‘o‘

16 channel bits
NRZI converted pulses

NRZ converted signal: [ ] [ ]

"| conversion >
1T

T =1 channel clock period delay

[ 1 [ 1

ysical Sectors

NRZI converted pulses:

Figure 16 — NRZI conversion

The structure of a Physical Sector is shown in Figure 17. It shall consist of 13 rowsseach comprising two Sync

Frames. A
8-bit bytes
representi
representi

Sync Frame shall consist of a SYNC Code from Table 2 and 1 456 Channel bits representing
. Each row of the Physical Sector shall consist of two Sync Frames with the first 1 456 Channel b
ng the first 91 bytes of each row of a Recording Frame and the second 1456 Channel b
ng the second 91 bytes of each row of a Recording Frame.

Recording

Sync Frame of that row, and so on, row-by-row. The state of each SYNC Code and

Figure 17 — Physical Sector

16 Channel bits shall follow the rules defined in 13.8.

28

32 5 |«—— 1456 —— |« 32> |«— 1456 ——
SYO0 SY5
SY1 SY5
SY2 SY5
SY3 SY5
SY4 SY5
SY1 SY6
13 rows SY2 SY6
SY3 SY6
SY4 SY6
SY4 SY7
SY2 SY7
SY3 SY7
SY4 SY7
«—— Sync Frame Sync Frame ——

01
its
its

nd

each subsequent set of
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Table 2 — SYNC Codes

State 1 and State 2 (next state is state 1)

Primary SYNC codes Secondary SYNC codes
(msb) (Isb)  (msb) (Isb)
SY0 = 0001001001000100 0000000000010001 / 0001001000000100 0000000000010001
SY1 =0000010000000100 0000000000010001 / 0000010001000100 0000000000010001
SY2 =0001000000000100 0000000000010001 / 0001000001000100 0000000000010001

PV VoV W VoV VoWV VoV DWW W VW VoV VoV VoV VWDV -V -V - B WV VD WV -V VDV V-V WV VoV -V V-V V-V V-V V- WV V-V

A RUN shall consist of an integer number (M > 1) of sets of 16 Physical Sectors, each from a s

13.7 Layout of a Recording UNit (RUN)

SY3=00606106600000100-060066000001000+70660100601006100-600066006061006+4
SY4 = 0010000000000100 0000000000010001 / 0010000001000100 0000000000010064
SY5 =0010001001000100 0000000000010001 / 0010001000000100 0000000000040001
SY6 = 0010010010000100 0000000000010001 / 0010000010000100 00000000000,10001
SY7 =0010010001000100 0000000000010001 / 0010010000000100 0000000EO0010001

State 3 and State 4 (next state is state 1)

Primary SYNC codes Secondary.SYNC codes

(msb) (Isb)  (msb) (Isb)
SYO0 =1001001000000100 0000000000010001 / 1001001001000100 0000000000010001
SY1=1000010001000100 0000000000010001 / 1000010000000100 0000000000010001
SY2 =1001000001000100 0000000000010001 / 1001000000000100 0000000000010001
SY3 =1000001001000100 0000000000010001 / 1000€01000000100 0000000000010001
SY4 =1000100001000100 0000000000010001 / 4090100000000100 0000000000010001
SY5=1000100100000100 0000000000010001¢;1000000100000100 0000000000010001
SY6 = 1001000010000100 000000000001006:4 / 1000000001000100 0000000000010001
SY7 =1000100010000100 0000000000046001 / 1000000010000100 0000000000010001

ngle ECC

Blpck. The M ECC Blocks shall be preceded by 8 Channel bits, which are meant to reduce possible

influences of inaccuracies of theilinking point, while the last 8 Channel bits of the last Physical Sect
digcarded at recording. The=8-linking Channel bits and the next SYNC Code SYO (chosen from S
State 3/4) shall be chosensrandomly, such that the runlength constraints specified in 13.5 are fulfilled.

Egch RUN of M ECC-Blocks (M > 1) starting with ECC Block N shall be recorded in the following wa

THe

8 Channel bits for linking in ECC Block N-1,
full ECCBlocks Nto N + M — 2 (if M > 2),
ECCsBlock N + M — 1, except for the last 8 Channel bits, which bits shall not be recorded.

br shall be
ate 1/2 or

positioning of a Recording Unit is shown in Figure 18.

When the RUN starting with ECC Block N is to be recorded, and ECC Block N-1 has not yet been recorded,
then the RUN shall be extended with a dummy ECC Block N-1 of which all Main Data bytes shall be set to

(00).

© ISO/IEC 2007 — All rights reserved
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middle of wobble 15

VY
8T theoretical start position
| [ ¥5T max
linking M ECC Blocks
actual start position | i<t >
8 ! last 8
Channel ECC Block ECC Block 'Channel
. N N+M-1 7 °
bits , bits
B to be recorded [“tobe
discarded
at recording
N
E|CC Block ECC Block ECC(Block ECC Block
N-1 N N& M -1 N+M
b ]
I~ previous recording (if existent) is overwritten ol
Figure 18 — Recording Unit
13.7.1 Regcording Unit position

Each EC(
RUNSs sh4d
of which t
(PAA). In

(for exam

The refergnce for the theoretical start positions is wobble 15 following the ADIP word sync unit of the AL

words of
position is
wobble 15

Block, consisting of 16 Physical Sectors, shall correspond to 4 ADIP words (see 14.4.1.1).

Il be mapped onto the structdre ‘of tracks (see 14.4), such that the Physical Sector Numbers (PS
he 2 least significant bits-have been discarded, correspond to the local Physical Address in AD
mathematical form: PSN =4xPAA + i, wherei=0,1,2,0r 3

ble: Physical Sector:NUumbers (030000) to (030003) correspond to Physical ADIP Address (00C00
vhich the 2 least significant address bits are 00 (see 14.4.1.1 and Figure 22). The theoretical st

8 Chanhel'bits after the nominal position of the zero crossing in the middle of the above mention
of thexwobble signal from Read channel 2.

P

D).

IP
art
ed

The start

hf aach racardina chall ha wwithin £ B Channal hite ~f tha thaaratical ctart nacitinn Nurina vaweitine 4
oT-CaoHTeCoramg—Sraroe vt O oo e Bt Ot tHeorentar St p oSO —oormg—vwvrtrig—t

Channel bit clock shall be phase locked to the wobble frequency.

13.8 d.c. component suppression control

To ensure a reliable radial tracking and a reliable detection of the HF signals, the low frequency content of the
stream of Channel bit patterns should be kept as low as possible. In order to achieve this, the Digital Sum
Value (DSV, see 4.3) shall be kept as close to zero as possible. At the beginning of the modulation, the DSV
shall be set to 0.

30
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The different ways of diminishing the current value of the DSV are as follows:

S
dif

In
co
lo
bit
c)

W

stieams and not in the other because, for instance, the next State prescribed by the previous 8-bit b

Optionally-the procedure for case a) can be extended in the following way:

Choice of SYNC Codes between Primary or Secondary SYNC Codes.

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

States.

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

NC Codes. As both streams are modulated individually, they generate a different DSV (beca
erence between the bit patterns of the Primary and Secondary SYNC Codes.

the cases b) and c), there are two possibilities to represent a 8-bit byte. The DSV of each
mputed up to the 8-bit byte preceding the 8-bit byte for which there is this choice. The strean
vest | DSV| is selected and duplicated to the other stream. Then, one of the fepresentations of {
byte is entered into Stream 1 and the other into Stream 2. This operation istepeated each time
occurs.

hilst case b) always occurs at the same pattern position in both streams, case ¢) may occur in

br 3 instead of 1 or 4. In that case the following 3-step proceduréeyshall be applied:

Compare the | DSV | s of both streams.

stream in which case c) has occurred is chosen and duplicated to the other stream. O

representations of the next 8-bit byte is entered*into this stream and the other into the other stre

If the |DSV| of the stream in which cdse ¢) has occurred is larger than that of the other str
case c) is ignored and the 8-bit byte is-represented according to the prescribed State.

both cases b) and c¢), if the |BSV|s are equal, the decision to choose Stream 1 or St
plementation-defined.

e procedure for case a) shall be as follows:
At the end of each”Sync Frame, whether or not case b) and or case c) have occurred, the ac

other stream."Then the next Primary SYNC Code and the Secondary SYNC Code of the prope
are inserted each in one of the streams.

If the |DSV| of the stream in which case c) occurs is smaller than that of the other stream,

tegory of
se of the

stream is
n with the
he next 8-
case b) or

bne of the
yte can be

then the
ne of the
am.

eam, then

eam 2 is

cumulated

DSVs of both.streams are compared. The stream with the lower |DSV| is selected and duplicated to the

r category

2)

{fthe DSV at the end of the resulting Sync Frame is greater than + 63 or smaller than -64, then

the SYNC

Code at the beginning of the Sync Frame is changed from Primary to Secondary or vice versa. If this
yields a smaller DSV, the change is permanent, if the |DSV/| is not smaller, the original SYNC Code is

retained.

During the DSV computation, the actual values of the DSV may vary between -1 000 and +1 000, thus it is
recommended that the count range for the DSV be at least from -1 024 to +1 023.
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14 Trac

k format

14.1 Track shape

The area in the Information Zone (see 10.7) shall contain tracks formed from a single spiral groove. Each
track shall form a 360° turn of a continuous spiral. The shape of each track is determined by the requirements

in Section

5. Recordings shall be made on the groove.

The tracks in the Information Zone contain a phase modulated sinusoidal deviation from the nominal

centreline

The track

14.2 Track path

On Layer
outside (e

On Layer
inside (en

14.3 Track pitch

The track
in the rag
Informatio

14.4 Track layout

The wobl

shall be continuous in the Information Zone.

tracks shall start at a radius of 22,00 mm max.

a radius of 58,75 mm min (for 80 mm disk see Annex A).

0 the track path shall be a continuous spiral from the inside (beginning ef’'the Lead-in Zone) to
hd of the Middle Zone) when the disk rotates counter-clockwise as viewed from the optical head.

he

1 the track path shall be a continuous spiral from the outside (beginning of the Middle Zone) to the

J of the Lead-out Zone) when the disk rotates counter-clockwise/as viewed from the optical head.

pitch is the distance measured between the average'track centrelines of adjacent tracks, measur

ed

ial direction. The track pitch shall be 0,74 umy'+ 0,03 um. The track pitch averaged over the

h Zone shall be 0,74 ym + 0,01 um.

le of the tracks is a sinusoidal “deviation from the nominal centrelines, with a wavelength

46912 p

oscillator for generating the wobble sine wave shall be < -40 dB.

The wob
modulatio

14.4.1 AL

The data
Therefore
modulated

+ 0,045 0 um (equivalent t0\"\32 Channel bits). The Total Harmonic Distortion (THD) of f

le is phase modulated ‘by inverting wobble cycles. The information contained in the wobl
n is called Address=in=Pregroove or ADIP (see 14.4.1.1).

)IP information

fo be recorded onto the disk must be aligned with the ADIP information modulated in the wobb
93 wabbles shall correspond to 2 Sync Frames. Of each 93 wobbles, 8 wobbles are phg
with ADIP information (see Figure 19).

of
he

ple

le.

[oYaln mhY

1 wobble uqua:a 32-Channetbits (— oz 1)

one ADIP

32

unit = 8 modulated wobbles per 2 Sync Frames
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2 Sync Frames
1 488 Channel bits ———

«—— 1488 Channel bits
Sync data Sync data

<—— 16 wobbles ——— <«— 16 wobbles ———

¢ne ADIP unit
8 wobbles — 85 monotone wobbles

1\

93 wobbles

Figure 19 — General ADIP structure

14.4.1.1 ADIP word structure

52 ADIP units are grouped into one ADIP word each.
THis means that one ADIP word corresponds to 4 x 13 x 2 Sync Frames = 4 Physical Sectors.

Egch ADIP word shall consist of: 1 ADIP sync unit + 51 ADIP data’units (see Figure 20).

ADIP sync unit = 4 inverted wobbles for word sync + 4 monaotone wobbles.
ADIP data unit = 1 inverted wobble for bit sync + 3 monotone wobbles + 4 wobbles representing one

(s¢e 14.4.1.3)

data bit.

wobble 0 | wobble 1to 3 | wobble 4 to 7
0 0 sync unit worg-sync ) )
data unit bit syne data bit 1
ADIP data unit bitsync data bit 2 4 Physical

4 word Sectors 1
ADIP : ECC
vords 4 data unit bit sync data bit 51 \2 Block

A A

Figure 20 — ADIP word structure

The information contained in the data bits is as follows:
bit 1: this bit is reserved and shall be set to ZERO.

bits 2 to 23: these 22 bits contain a Physical ADIP Address.

Data bit 2 is the msb and data bit 23 is the Isb. The addresses increase by one for each
next ADIP word. On layer 1 the Physical ADIP Addresses shall have the bit inverted values
of the Physical ADIP Addresses at the same radial position on Layer 0.

NOTE In the following hexadecimal notations of addresses the two msb’s shall be ignored.
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The addresses in the Information Zone on Layer O shall be such that Physical ADIP

Address (00C000), which is the first address corresponding to the Data Zone, is located

at

radius 24,00°090 mm. Physical ADIP Address (08B5FF), which is the last address
corresponding to the Data Zone on Layer 0, shall be located at a radius 58,00 mm max (for

80 mm disk see Annex A).

The addresses in the Information Zone on Layer 1 shall be such that Physical ADIP

Address (FF3FFF), which is the last address corresponding to the Data Zone, is located
radius 24.00°9% mm. . Physical ADIP Address (F74AQ0). which is the first addr

at
SS

bits 24 to|31:

bits 32 to|51:

14.4.1.2 |ADIP error correction

corresponding to the Data Zone on Layer 1, shall be located at a radius 58,00 mm max (
80 mm disk see Annex A).

these 8 bits contain auxiliary information about the disk.

Bit 24 to 31 from 256 consecutive ADIP words, shall form one ADIP Aux,Frame with 2
bytes of information. The first byte of each ADIP Aux Frame shall be located in an AL
word with a Physical ADIP Address that is a multiple of 256 (Physical ADIP Address
(xxxx00)).

In the Lead-in/Lead-out Zone and the Inner Drive Areas of the 'disk the auxiliary bytes sh
be used for storing Physical format information. The contents of the 256 bytes are defined
the Table 3 and 14.4.2.

for

In the Data Zone of the disk the auxiliary bytes tay be used for storing Extended format

information as defined in Annex B. If not used for.such purpose all bytes shall be set to (0
In the Middle Zones / Outer Drive Areas of the disk the auxiliary bytes shall be set to (00).

these 20 bits contain error correction parities for the ADIP information (see 14.4.1.2).

D).

For the ADIP error correction the ADIP data“bits are grouped into 4-bit nibbles. The mapping of the data HQits
into the nipble array is defined in Figure 24. Bit 0 is a dummy bit, which shall be considered as set to ZERO for
the error dorrector.
nibble Ng bit 0 bit 1 bit 2 bit 3 0
nibble N1 bit 4 bit 5 6 ADIP
nibbles address
bit20 bit 23 \:
bit 24 T2 AUX
nibble N7 bit 28 bit 31 { nibbles data
nibble Ng Bt 32 t nibble
5 based
nibbles R-S
nibble Nq2 bit 48 bit 49 bit 50 bit 51 2 ECC
Figure 21 — ADIP error correction structure
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A nibble-based RS (13,8,6) code is constructed, of which the 5 parity nibbles Ng to N5, are defined by the
remainder polynomial R(x):

12 )
R(x)= Y .N; x" =1(x) x°> mod Gpa (x)
i=8

7 . 4
where 1(x)= Y'N;x"" and Gpa(x)=[](x+a")
i=0 k=0

4

o s the primitive root 0010 of the primitive polynomial P(x) = x ™ + x + 1

All bits of the 5 parity nibbles Ng to N4, shall be inverted before recording.
14.4.1.3 ADIP modulation rules
THe ADIP units are modulated by inverting some of the 8 wobble cycles:

- BW is a positive wobble, which shall start moving towards the inside of the disk.
- NW is a negative wobble, which shall start moving towards the outside of the disk.
- gl monotone wobbles shall be PWs.

Modulation of the ADIP word sync:

ADIP sync unit

v
A

v
A

wobble | wobble
92 0 1 2 3

4 NW 4 PW

Modulation of an ADIP ZERO bit:

ADIP data unit with data set to ZERO

MRV Vi V] VV VV VUV |V VA

wobble | wobble
92 0 1 2 3 4 5 6 7 8

1NW 3 PW 2PW 2 NW
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Modulation of an ADIP ONE bit:

ADIP data unit with data set to ONE

wobble | wobble
92 0 1 2 3 4 5 6 7 8

1NW 3 PW 2NW 2 PW

Figure 22 — ADIP modulation rules

14.4.2 Physical format information in ADIP
This inforfhation shall comprise the 256 bytes shown in Table 3. It contains disk information and values for the
write strategy parameters to be used with the Optimum Power Control (OPC) algotithm to determine optimiim
laser power levels for writing (see Annex G and Annex |). The information,is(copied to the Control Data Zone
(see 17.1(0.1) during initialization of the disk.

Because the recording characteristics of the two layers can be different, each layer shall be characterized |by
its own Physical format information. Therefore the ADIP Aux Frames on Layer 0O, located in the Lead-in Zone,
shall contgin the Physical format information for Layer 0 and the>ADIP Aux Frames on Layer 1, located in the
Lead—out Zone, shall contain the Physical format information*for'Layer 1.

Bytes 0 tq 30 in both ADIP Aux Frames are common and’therefore shall be the same on both layers, except
byte 18 which indicates the possible presence of Extended Information blocks.

Bytes 32 fo 63 shall hold the parameter values for the N-1 write strategy as defined in Annex G.1, unless this
write stratpgy is not applicable. In the latter case all bytes 32 to 63 shall be set to (00), whereby byte 31 shall
be set to (R0).

For this version of this document the N-1 write strategy shall be applied to Layer 0 at the primary recording
speed which shall be 2,4 times the basic DL DVD speed (2,4x3,83 m/s).

The N-1 Write strategy is not-applicable to Layer 1.

Alternativg write strategies’for a layer can be defined in one of the Extended Information blocks contained]in

the Physigal format,information on that specific layer.

For this vgrsioniof:this document the N/2 write strategy as defined in Annex G.2 shall be applied to Layer 1.

I'able 5 — Physical rormat information

Byte Content Number
number of bytes
0 Disk Category and Version Number 1
1 Disk size 1
2 Disk structure 1
3 Recording density 1

4to 15 Data Zone allocation 12
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Byte Content Number
number of bytes
16 General Flag bits 1
17 Disk Application Code 1
18 Extended Information Indicators 1
19 to 26 Disk Manufacturer ID 8
27 to 29 Media Type ID 3
30 Produetrevision-rumber 1
31 number of Physical format information bytes in use in ADIP up to byte 63 1
32 Primary recording velocity for the basic write strategy 1
33 Maximum read power at Primary velocity 1
34 P\ND at Primary velocity 1
35 p at Primary velocity 1
36 g4 at Primary velocity 1
37 g9 at Primary velocity 1
38 Ytarget @t Primary velocity 1
39 B optimum at Primary veloCity 1
40 Reserved - (Q0) 1
41 Reserved“«(00) 1
42 Tiop first puise duration 1
43 Trnp Multi pulse duration 1
44 thop first pulse lead/lag time for any runlength > 4T 1
45 thop,S first pulse lead/lag time for runlengths = 3T 1
46 dT|p last pulse lead/lag time for any runlength > 5T 1
47 dT), 31ast pulse lead/lag time for runlengths = 3T 1
48 dHyp 4 last pulse lead/lag time for runlengths = 4T 1
49 dT ;5 erase lead/lag time when preceding mark length > 5T 1
50 dTgra 3 €rase lead/lag time when preceding mark length = 3T 1
51 dTerg 4 erase lead/lag time when preceding mark length = 4T 1
52 to 63 Reserved - All (00) 2
64 to 9% Extended Information block 0 32
96.10.127 Extended Information block 1 32
128 to 159 Extended Information block 2 32
T60 10 19T EXtended Tnformation bIOCcK 3 2
192 to 223 Extended Information block 4 32
224 to 255 Extended Information block 5 32

This version of this document specifies one type of disk, with one primary recording velocity. The following
type of disk (characterized by the so-called X-speed) has now been defined and its ADIP shall contain the El
Blocks as indicated in Table 4.

© ISO/IEC 2007 — All rights reserved

37


https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

Table 4 — Types of disks

basic write strategy 2,4x write strategy
bytes 32 to 63 El block Format 3 remarks
type of disk
this disk shall be suited
: L 0: -
“2,4x” on Layer 0: + on Layer for recording speeds of
on Layer 1: — on Layer 1: + 9.20 m/s
+ shall be present — shall not be used

14.4.2.1 |General information — Bytes 0 to 31
Byte 0 - Qisk Category and Version Number

Bits b, to py

Bits bs to pg

shall specify the Disk Category,

bit b; shall be set to 1 indicating a disk according to the +R/+RW Format (se€-clause 3),
bit bg shall be set to 1 indicating a dual layer disk,

bits b and b, shall be set to 01 indicating a +RW disk.

shall specify the Version Number,
they shall be set to 0001 indicating this International Standard-

This Version Number identifies amongst others the definitions of the data in bytes 32 to ¢
Drives not acquainted with the specific Version Number of a disk should not try to record
that disk using the information in bytes 32 to 63, which bytes contain the basic write strate
parameters (see Annex P).

NOTE Version number 0000 can be used for identification ,of test disks during further development of the systg
Such test disks might not contain the correct Physical format information in their ADIP Aux Frames.

Byte 1 - Oisk size and maximum transfer rate

Bits b, to py

Bits bs to pg

shall specify the disk size,
they shall be set to 0000, indicating a 120 mm disk (for 80 mm disk see
Annex A)

shall specify the maximum read transfer rate,
they shall be setsto, 1111 indicating no maximum read transfer rate is specified

Byte 2 - Disk structure

Bit b,

Bits bg to pg

Bit by

shall beset to 0

shall’be set to 01, indicating two recording layers per side

m.

shall be set to 1, indicating OTP mode

Bits bs to by

shall specify the type of the recording layer(s):
they shall be set to 0100, indicating a rewritable recording layer.

Byte 3 - Recording density

Bits b, to by

Bits bs to b

38

shall specify the average Channel bit length in the Information Zone,
they shall be set to 0001, indicating 0,147 um

shall specify the average track pitch,
they shall be set to 0000, indicating an average track pitch of 0,74 um
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Bytes 4 to 15 - Data Zone allocation

Byte 4

shall be set to (00).

Bytes 5to 7  shall be set to (030000) to specify PSN 196 608 of the first Physical Sector

Byte 8

Bytes 9 to 11

of the Data Zone

shall be set to (00).

By

By,

By
Bi

Bi

Bi
Bi
By
TH

ru

te 12

b7

bg

bs

(00)

By

tes 13 to 15 shall be set to (22D7FF) to specify PSN 2 283 519 as the last possible Physical

rte 16 — General Flag bits

sbytoby are reserved and shall be setto 0 0000

Ite 17 — Disk Application Code
is byte can identify disks that*are restricted to be used for special applications only. Drives n

idgntify the particular application related to a specific Disk Application Code or not able to act accor
es as defined for this particular application are not allowed to write on a disk with such a code.

all other'codes are reserved.

1te 18 — Extended Information indicators

P e
Ol U1 Udla £Ul1C.

shall be set to (00).

Sector of the Data Zone on Layer 0 (for 80 mm disk see Annex A).

shall be set to ZERO

shall be set to (FCFFFF) to specify PSN 16 580 607 as the last possible Physical Sector

shall specify if the disk contains Extended format information in the ADIP Aux Frages in the

Data Zone related to the VCPS copy protection systém,
shall be set to 0, indicating no Extended format information for VCPS is present,

shall be set to 1, indicating the Data Zone contains Extended format information fo
defined in Annex Band the VCPS System Description (see Annex

is reserved for use in the ControhPata Zone and shall be set to ZERO

identifies”a, disk for General Purpose use

(no.restrictions, all drives are allowed to write on a disk carrying this code),

VCPS as
0).

ot able to
jing to the

Bits b; to bg  are reserved and shall be set to 00

Bits bs to by each of these bits shall indicate the presence of an Extended Information block.

Bit b; shall be set to 1 if Extended Information block i, consisting of bytes (64 + ix32)
(95 +ix32), is in use. Else bit b; shall be set to 0.
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Bytes 19 to 26 — Disk Manufacturer ID

These 8 bytes shall identify the manufacturer of the disk. This name shall be represented by characters from
the GO set + SPACE according to ISO/IEC 4873. Trailing bytes not used shall be set to (00).

If the Disk

Manufacturer ID is not used these 8 bytes shall be set to (00)

Bytes 27 to 29 — Media Type ID

Disk manufacturers can have different types of media, which shall be specified by these 3 bytes. The specific

type of di
Trailing by

If the Med

NOTE

tes not used shall be set to (00).

a Type ID is not used these 3 bytes shall be set to (00)

73.

Disks with different characteristics shall be identified by different and unique combinations of Djisk

Manufactuter ID / Media Type ID. Therefore the content of bytes 19 to 29 shall be approved by the licensors of the +RW

system.
Byte 30 —|

This byte
Manufacty
recording
recorders

If not useq
Byte 31 —
This byte
format inf

the Physig
the Physig

14.4.2.2

On Layer
Layer 1. d

Byte 32 —
This byte

Physical fi
shall be s

n=4

Product revision number
shall identify the product revision number in binary notation. ‘Al disks with the same D

properties (only minor differences are allowed: Product revision numbers shall be irrelevant
. The content of this byte can be chosen freely by the disk manufacturer.

this byte shall be set to (00)
number of Physical format information bytes in‘use in ADIP up to byte 63

forms one 8-bit binary number indicating the shiimber of bytes actually in use for the basic Physi
brmation (in bytes 0 to 63). On Layer 0 it shall be set to (34) indicating that only the first 52 bytes

al format information are used.

Basic write strategy parameters — Bytes 32 to 63

1 all bytes 32 to 63 shall be)set to (00), indicating that the basic write strategy is not defined
n Layer 0 bytes 32 to 63(shall have the following meaning:

Primary recording-velocity for the basic write strategy
indicates the recording velocity of the disk for the parameters as defined in bytes 34 to 63 in t

prmat information. This recording velocity is equal to about 2,4 times the Reference velocity a
pecified as a’number n such that

X NVptimary (1 rounded off to an integral value)

sk

rer ID and the same Media Type ID, regardless of Product revision’numbers, must have the saime

for

cal
of

al format information are used. On Layer * it shall set to (20) indicating that only the first 32 bytes]| of

for

his
Ind

It shall be
set to

Byte 33 -

(25) indicating a Primary writing speed of about 9,25 m/s.

Maximum read power, P, at Primary velocity

This byte shall specify the maximum nominal read power P, in milliwatts at the Primary velocity as a number n

such that

V o
n=20x (P,—0,7) and n> 10x /M
Vreference

40
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NOTE At reading speeds lower than the Primary velocity of 2,4x, such as e.g. at 1x Reference velocit
power shall be reduced to prevent degradation of the recordings on the disk. A safe value for the nominal read power is

P.=0,7+0,5x /M (see also 29.3).
Vreference

Byte 34 - P|\p at Primary velocity

P

ND IS the starting value for the determination of Piy.qet Used in the OPC algorithm, see Annex |.

y, the read

TH
Su

By

TH
alg

By

Th
A

By

Th
A

By

Th
A

is byte shall specify the indicative value Piyp of Pigrget in milliwatts at the Primary velocity-as a
ch that

n=4x (PlND' 10)
rte 35 - p at Primary velocity

is byte shall specify the Write power multiplication factor p at the-Rrimary velocity used in
jorithm (see Annex |) as a number n such that

n=100xp

te 36 - ¢4 at Primary velocity

is byte shall specify the Erase/Write power ratio ¢4, atcthe Primary velocity used in the OPC algo
nex |) as a number n such that

n =200 x g4
te 37 - 5 at Primary velocity

is byte shall specify the Cooling/Write power ratio &5 at the Primary velocity used in the OPC algg
nex |) as a number n such that

n=1000 x g
te 38 - yiarget at\Primary velocity

is byte shall specify the target value for v, Ytarget at the Primary velocity used in the OPC algo,
nex |) as*a number n such that

number n

the OPC

rithm (see

rithm (see

rithm (see

0= 20 X Ytarget

Byte 39 - Boptimum at Primary velocity

This byte shall specify the value of B as determined from recordings made at the Primary velocity with the
optimum recording powers as described in Annex 1.3, as a number n such that

n =100 x (Boptimum * 1)

Byte 40 - Reserved - (00)

This byte is reserved and shall be set to (00).
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Byte 41 - Reserved - (00)

This byte i

Byte 42 —

s reserved and shall be set to (00).

Ttop first pulse duration

This byte shall specify the duration of the first pulse of the multi pulse train (see Annex G.1). The value is
expressed in fractions of the channel bit clock period as a number n such that

Tioo
X Ld

n=1

Byte 43 —|

This byte
The value

Byte 44 —

When the
the multi g
value is e
that

3>
1
—

(positive numbers indicate a lead time, negative numbers indicate a lag time)

Byte 45 —

When the
pulse train
expressed

3
|
—

(posiffve numbers indicate a lead time, negative numbers indicate a lag time)

dlid Sx7Nn=10
Tw

Tmp multi pulse duration

is expressed in fractions of the channel bit clock period as a number n such that

Sme% and 3<n<13
w

thop first pulse lead/lag time for any runlength >4T

current mark is a 4T or longer mark, this byte shall specifythe’lead or lag time of the first pulse
ulse train relative to the trailing edge of the first Channel bit.of the data pulse (see Annex G.1). T]
kpressed in fractions of the Channel bit clock period as\a two’s compliment binary number n sy

b x tho%W and -8<n<15

dTyop,3 first pulse lead/lag time for runlengths =3T
current mark is a 3T marki.this byte shall specify the lead or lag time of the first pulse of the m

relative to the trailing edge of the first Channel bit of the data pulse (see Annex G.1). The valug
in fractions of the Channel bit clock period as a two’s compliment binary number n such that

B x thOP%W and -8<n<15

Byte 46 —|

shall specify the duration of the second and next pulses of the multi pulse train (see Annex G.f1).

of
he
ch

Llti
S

dTy, last pulse lead/lag time for any runlength >5T

When the current mark is a 5T or longer mark, this byte shall specify the lead or lag time of the last pulse of
the multi pulse train relative to the leading edge of the last Channel bit of the data pulse (see Annex G.1). The
value is expressed in fractions of the Channel bit clock period as a two’s compliment binary number n such

n=16><dT% and -8<n<7
w

(positive numbers indicate a lead time, negative numbers indicate a lag time)

that

42
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Byte 47 — dT|p,3 last pulse lead/lag time for runlengths =3T

When the current mark is a 3T mark, this byte shall specify the lead or lag time of the last pulse of the multi
pulse train relative to the leading edge of the last Channel bit of the data pulse (see Annex G.1). The value is
expressed in fractions of the Channel bit clock period as a two’s compliment binary number n such that

n=16><dT'p%W and -8<n<7

(nositive numbers indicate a lead time neaative numbers indicate a lag time)
\r 7 ~J ~J 7

By

W

pu
ex

By

Th
A
CH

By

Th
A
bit

fte 48 — dT, 4 last pulse lead/lag time for runlengths =4T

hen the current mark is a 4T mark, this byte shall specify the lead or lag time of the.last pulse o
Ise train relative to the leading edge of the last Channel bit of the data pulse (see Annex G.1). Tk

n=16 x dT'Pv‘%W and -8<n<7

(positive numbers indicate a lead time, negative numbers indicate a‘lag time)
te 49 — dT,, erase lead/lag time when preceding mark length >5T

is byte shall specify the lead or lag time of the erase pulse’relative to the trailing edge of the data
nex G.1), when the preceding runlength is a 5T or.efnger mark. The value is expressed in fract
annel bit clock period as a two’s compliment binary'aumber n such that

n=16xdTe% and -8 <n<15
W

(positive numbers indicate a lead.time, negative numbers indicate a lag time)
fte 50 — dTg, 3 erase lead/lag time when preceding mark length =3T

is byte shall specify the lead or lag time of the erase pulse relative to the trailing edge of the data
nex G.1), when the pfeceding runlength is a 3T mark. The value is expressed in fractions of th
clock period as a two’s compliment binary number n such that

n=16 x dTera%W and -8<n<15

(positive numbers indicate a lead time, negative numbers indicate a lag time)

f the multi
e value is

pressed in fractions of the Channel bit clock period as a two’s compliment binary humber n such that

bulse (see
ons of the

bulse (see
e Channel

By

te5t=d era,4 erase tead/tag time when preceding mark fengthr=4T

This byte shall specify the lead or lag time of the erase pulse relative to the trailing edge of the data pulse (see
Annex G.1), when the preceding runlength is a 4T mark. The value is expressed in fractions of the Channel

bit

©l

clock period as a two’s compliment binary number n such that
n=16 x dTera% and -8<n<15
w

(positive numbers indicate a lead time, negative numbers indicate a lag time)
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Bytes 52 to 63 - Reserved - All (00)

These bytes are reserved and shall all be set to (00).

14.4.2.3
(with i =

Extended

Extended Information blocks — Bytes (64 + ix32) to (95 + ix32)
0to 5)

Information (El) blocks are meant to facilitate future extensions. Each such block consists of

32

bytes. These bytes can hold for instance parameters for alternative write strategies or other advanced

paramete:Ls. It a set of parameters does not fit in one Extended Information block, additional continuati

blocks ca

The preseé
Extended

Byte (64 +

NOTE

be added, which additional blocks are identified by a Continuation bit.

nce of an Extended Information block shall be indicated by the appropriate bit in byte 18. If
Information block is not used, all 32 bytes shall be set to (00).

ix32)Extended Information block i Format number / Continuation bit

on

Bits bg to bg indicate the Format number which identifies the defipitions of the data in byfes

(65 + ix32) to (95 + ix32).

If bit b7 is set to ONE, the related Extended Information block-is not an independent block Bput

a continuation of the preceding Extended Information)block. The Format number in
continuation block shall be the same as the Formaf number in the preceding Extend
Information block.

a
ed

A disk can have several Extended Information-blocks. The contents of blocks with differ

nt

Format numbers have to be interpreted each according to their respective definitions. The

contents of blocks with the same Format number are interpreted in the same way;
parameters specified in these blocks hewever can have different values.

Drives not acquainted with the\specific Format number in block i, should not use
parameters in this Extended Information block (see Annex P).

The contents of an El block are identified by the Format number of the block only. The position of the El blg

in the ADIFP Aux Frame is irrelevant for this;so an El block with Format number n could be allocated at any positio

Therefore
correctly in

Bytes (65

14.4.2.31

drives should always check the' Format numbers in the El blocks to be sure that the write strategies
erpreted.

+ ix32) to (95 + i%32)
Each pafameter set defined for these bytes shall be identified by a unique Format number.

Extended information for the 2,4x N/2 write strategy

This Exte
Annex G.

ded Information block specifies the parameters for a so-called N/2 or 2T write strategy as defined

e

ck
ni.
hre

n

LCTFhe parameter set defined in this Extended Information block shall be applied at a recordi

ng

speed equivalent to 2,4 times the basic DL DVD speed (£,4X3,05 M/S).

If a layer can not be recorded under these “2,4x N/2” conditions, this El block shall not be used (all bytes set
to (00) and related Extended Information indicator bits set to ZERO).

On Layer 0 this EI block shall not be used.

Byte 18 —

Extended Information indicators

This byte shall be set to xxxx xxx1 indicating Extended Information block 0 is in use.

44
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Table 5 — Extended Information block 0

Byte Content Number of
number bytes
64 Continuation bit / Format number 1
65 Reserved - set to (00) 1
66 Reserved - set to (00) 1
67 Primary recording velocity for the parameter set in this El block 1

68 Reserved—-{00)

69 Reserved - (00)

70 Maximum read power at Primary velocity

71 P\ND at Primary velocity

72 p at Primary velocity

73 g4 at Primary velocity

74 g9 at Primary velocity

75 Ytarget @t Primary velocity

76 B optimum at Primary velocity,

77 Reserved - (00)

78 Reserved - (00)

79 Tmp multi pulse duration for:any runlengths > 4T

80 Ttop first pulse durationfor any runlengths > 4T

81 Ttop,3 first pulse duration for runlengths = 3T

82 Tip,3 last pulse duration for runlengths = 3T

83 thop first pulsejead/lag time for any runlengths > 6T

84 dTyop 5 first pulse lead/lag time for runlengths = 5T

85 dTyop, 4 fifst pulse lead/lag time for runlengths = 4T

86 d¥ygp, 3 first pulse lead/lag time for runlengths = 3T

87 dT|p,O last pulse lead time for runlengths = 5T, 7T, 9T & 11T

88 dT), 3 last pulse lead/lag time for runlengths = 3T

89 dTerg o erase lead/lag time for runlengths = 5T, 7T, 9T & 11T

90 dTerg £ erase lead/lag time for runlengths = 4T, 6T, 8T, 10T & 14T

91 dTerg 3 €rase lead/lag time for runlengths = 3T

921095 Reserved - All (00) 4

Byte64=Extendedinformatiomblock-0-Comntinuationbit 7 Format momiber

This byte shall be set to 0000 0011 indicating Format 3 and this block not being a continuation block, for which
bytes 65 to 95 have the following meaning:

Byte 65 - Reserved
This byte is reserved and shall be set to (00)
Byte 66 — Reserved

This byte is reserved and shall be set to (00)
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Byte 67 — Primary recording velocity for the parameter set in this El block
This byte indicates the recording velocity of the disk for the parameters as defined in this El block. This

recording velocity is equal to about 2,4 times the Reference velocity and shall be specified as a number n
such that

n =4 x Vprimary (1 rounded off to an integral value)

It shall be
set to (25) indicating a Primary writing speed of about 9,25 m/s.

Byte 68 - Reserved
This byte |s reserved and shall be set to (00)
Byte 69 - Reserved

This byte |s reserved and shall be set to (00)

Byte 70 - Maximum read power, P at Primary velocity

This byte ghall specify the maximum nominal read power P, in milliwatts at’the’Primary velocity as a numbef n
such that

V o
n=20x (P,—0,7) andn210x/M
Vreference

NOTE At reading speeds lower than the Primary velocity/of 2,4x, such as e.g. at 1x Reference velocity, the rgad
power shal| be reduced to prevent degradation of the recordings on the disk. A safe value for the nominal read powef is

P, =0,7+D,5x }M (see also 29.3).
Vreference

Byte 71 - P|yp at Primary velocity

P\ND is the starting value for the determination of Py, e Used in the OPC algorithm, see Annex |.

This byte [shall specify the jndieative value P\\p of P46t in milliwatts at the Primary velocity as a numbet n
such that

n=4fx (PlND- 10)

Byte 72 -p at Primary velocity

Th|s byte shall cngeifvy tha \Writa nower multinlication factar o ot thg Primany valacitv usad in tha O C
SHH—SPBGHY—H -He—peWeH—thtipHeatHoR—aeto—p—at— e+ HaHy— 606ty —HS8a—H—A T

algorithm (see Annex |) as a number n such that
n=100xp
Byte 73 - g4 at Primary velocity

This byte shall specify the Erase/Write power ratio 4 at the Primary velocity used in the OPC algorithm (see
Annex |) as a number n such that

n =200 x g4
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Byte 74 - ¢5 at Primary velocity

This byte shall specify the Cooling/Write power ratio g5 at the Primary velocity used in the OPC algorithm (see
Annex |) as a number n such that

n=1000 x gy

Byte 75 - ytarget at Primary velocity

This byte shall specify the target value for v, yiarget at the Primary velocity used in the OPC algofithm (see
Arnex ) as a number n such that

n =20 x yiarget

Byte 76 - Boptimum at Primary velocity

THis byte shall specify the value of B as determined from recordings madeyat the Primary velocity with the
optimum recording powers as described in Annex 1.3, as a number n such-that

n =100 x (Boptimum * 1)

Byte 77 - Reserved - (00)

THis byte is reserved and shall be set to (00).
Byte 78 - Reserved - (00)

THis byte is reserved and shall be set to (00).
Byte 79 - Tmp multi pulse duration for\any runlengths > 4T

THis byte shall specify the basic duration of the 2" and next pulses of the multi pulse train when the current

mark is a 4T or greater mark (see Annex G.2). The value is expressed in fractions of the Channel bit clock
period as an unsigned binary humber n such that

n=16me% and 3<n<16
W.

Byte 80 — Ttop first pulse duration for any runlengths > 4T

THis byte_shall specify the duration of the first pulse of the multi pulse train when the current markl|is a 4T or
greater ‘mark (see Annex G.2). The value is expressed in fractions of the Channel bit clock pefiod as an
unsigned binary number n such that

n=16th°%W and 3<n<24

Byte 81 — Ty 3 first pulse duration for runlengths = 3T

This byte shall specify the duration of the first pulse of the multi pulse train when the current mark is a 3T mark
(see Annex G.2). The value is expressed in fractions of the Channel bit clock period as an unsigned binary
number n such that

n=16th°p%W and 3<n<24
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Byte 82 — T|p,3 last pulse duration for runlengths = 3T

This byte shall specify the duration of the ond pulse of the multi pulse train when the current mark is a 3T mark

(see Annex G.2). The value is expressed in fractions of the Channel bit clock period as an unsigned binary
number n such that

n=16><T'p%W and 3<n<16 or

n =0 (in case the ond pulse is not present)

Byte 83 —| thop first pulse lead/lag time for any runlengths > 6T

When the|current mark is a 6T or greater mark, this byte shall specify the lead or lag time of the\first pulse|of
the multi gulse train relative to the trailing edge of the first Channel bit of the data pulse (see Anbex G.2). The
value is eikpressed in fractions of the Channel bit clock period as a two’s compliment binafy-humber n such

that
b x tho%W and -8<n<8

(positive numbers indicate a lead time, negative numbers indicate a lag time)

3>
1
—

Byte 84 —| thop,5 first pulse lead/lag time for runlengths = 5T
When the|current mark is a 5T mark, this byte shall specify theZlead or lag time of the first pulse of the mylti

pulse train relative to the trailing edge of the first Channel bit«of the data pulse (see Annex G.2). The valug is
expresse( in fractions of the Channel bit clock period as a-two’s compliment binary number n such that

B x thOP%W and -8<n<8

(posiffve numbers indicate a lead time, negative numbers indicate a lag time)

3
|
—

Byte 85 —| thop,4 first pulse lead/lagtime for runlengths = 4T
When the|current mark is a 4T mark, this byte shall specify the lead or lag time of the first pulse of the multi

pulse train relative to the trailing’edge of the first Channel bit of the data pulse (see Annex G.2). The valug is
expresse( in fractions of theZChannel bit clock period as a two’s compliment binary number n such that

B x thOP%W and -8<n<8

(positive numbers indicate a lead time, negative numbers indicate a lag time)

3
|
—

Byte 86 — dTy,, 3 first pulse lead/lag time for runlengths = 3T

When the current mark is a 3T mark, this byte shall specify the lead or lag time of the first pulse of the multi
pulse train relative to the trailing edge of the first Channel bit of the data pulse (see Annex G.2). The value is
expressed in fractions of the Channel bit clock period as a two’s compliment binary number n such that

n=16x thOP%W and -8<n<8

(positive numbers indicate a lead time, negative numbers indicate a lag time)
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Byte 87 — dT|p,0 last pulse lead time for runlengths = 5T, 7T, 9T & 11T

When the length of the current mark is an odd number of Channel bits, this byte shall specify the lead time of
the last pulse of the multi pulse train relative to the leading edge of the last Channel bit of the data pulse (see

Annex G.2). dTj, o adds to the length of the last pulse such that this becomes Ty, + dTj; o . The value of

dT|p,o is expressed in fractions of the Channel bit clock period as a two’s compliment binary number n such

that

n=16 dTIp,O

and-0<n<8

Tw
(positive numbers indicate a lead time)

Byte 88 — dT,, 3 last pulse lead/lag time for runlengths = 3T

When the length of the current mark is a 3T mark, this byte shall specify the lead or lag time of the|last pulse
of[the multi pulse train relative to the leading edge of the last Channel bit of thé data pulse (see Apnex G.2).
THe value of dT|p’3 is expressed in fractions of the Channel bit clock period as a two’s compliment binary
nuymber n such that

n=16xdT'P% and-16<n<8

w

(positive numbers indicate a lead time, negative numbers indicate a lag time)
Byte 89 — dTgr, o erase lead/lag time for runlengths'= 5T, 7T, 9T & 11T
When the length of the current mark is an odd-number of Channel bits, this byte shall specify the lpad or lag
time of the erase pulse relative to the trailingte@dge of the data pulse (see Annex G.2). The value is gxpressed
in ffractions of the Channel bit clock period(as a two’s compliment binary number n such that

n=16 x dTefa'OT and -24 <n<16

w

(positive numbers indicate a lead time, negative numbers indicate a lag time)
Byte 90 — dTera,E erase lead/lag time for runlengths = 4T, 6T, 8T, 10T & 14T
When the length/of the current mark is an even number of Channel bits, this byte shall specify the lead or lag
time of the erase pulse relative to the trailing edge of the data pulse (see Annex G.2). The value is gxpressed
in ffractions of'the Channel bit clock period as a two’s compliment binary number n such that

=16 x ITeraE/ and -24 <n<16

W

(positive numbers indicate a lead time, negative numbers indicate a lag time)
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Byte 91 — dTg, 3 erase lead/lag time for runlengths = 3T

When the length of the current mark is 3T, this byte shall specify the lead or lag time of the erase pulse

relative to the trailing edge of the data pulse (see Annex G.2).
Channel bit clock period as a two’s compliment binary number n such that

n=16 x dTefa%W and -24<n<16

(posii‘ ve numbers indicate a lead fimn, nngaﬁ\/n numbers indicate a Iag fimﬂ)

The value is expressed in fractions of the

Bytes 92

These byt

fo 95 - Reserved - All (00)

bs are reserved and shall all be set to (00).

50
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Section 4 — Format of the Information Zone

15 General description of the Information Zone
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The Information Zone, extending over two layers, shall contain all information on the disk relevant for data
interchange. The Data Zones are intended for the recording of User Data. (see 10.7.1).

The_lead-in Zone cantains cantrol information and an area for disk quting The | ead-out Zane allows for a

col
fra
te

Th
wh

bting.

Table 6 — Layout of Layer 0 of a fully formatted disk (for 80 mmdisk see Annex A)

htinuous smooth lead-out and also contains an area for disk testing. The Middle Zones facilitaje jumping
m Layer 0 to Layer 1 at the end of the Data Zone on Layer 0. The Outer Drive Areas are-meant for disk

e Lead-in Zone, the Data Zone, the Middle Zones and the Lead-out Zone constitute thie Rewritaple area in
ich the information is recorded using the Phase change effect.

Description Nominal radius PSN of the Number of
in mm first Physical Physical
Sector Sectors
Initial Zone start 22,000 mm (01F2B0) 47 488
nonfinal
Inner Disk Test Zone statt23,397 mm | (02AC80) 12 b8s
Guard Zone 1 start 23,746 mm (02DC80) 512
Reserved Zone 1 (02DES80) 4 (96
l Lead-in Reserved Zone 2 (02EE80) 6@
Inner Disk Identification Zone (02EECO) 256
S Reserved Zone'3 (02EFCO) 6¢
‘g Reference«Code Zone start 23,886 mm (02F000) 3R
= Buffer Zone 1 (02F020) 480
g’ Control'Data Zone (02F200) 3072
E Buffer Zone 2 (02FE00) 512
S start 24,000 mm | (030000)
l Data\ |Data Zone 2 086 912 max
Buffer Zone 3 start 58,000 mm (22D800) max 768
Middle (at full capacity)
Zone 0 [Reserved Zone 4 (2ZDB00) max 256
Guard Zone 2 (22DC0O0) max | 4 096 min
Reserved Zone 5 start 58,059 mm (22EC00) 4 096
Quter | \er Disk Test Zone start 58,106 mm | (22FC00) 12 288
Drive
Area
= start 58,247 mm (232C00) 22 096
Guard Zone 3 end > 58,500 nominal

© ISO/IEC 2007 — All rights reserved
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Table 7 — Layout of Layer 1 of a fully formatted disk (for 80 mm disk see Annex A)

Description Nominal radius PSN of the Number of
inmm first Physical Physical
Sector Sectors
Final Zone end 22,000 mm 47 488
(FD5380) nominal

end 23,397 mm

Inner Disk Test Zone (FD2380) 12 288
ena Zo,740 mim
T Lead-out
S Buffer Zone 4 9 088
°
Q
=
T
>
£
X
B (FD00O00)
N
~ end 24,000 mm
Data Data Zone 2 086 912 max
T (DD2800) min

end 58,000 mm

Migare |- urerZone s (at fulf-capacity) | (DD2500) min 768
Yone 1 |Reserved Zone 4 (DD2400) min 256
Guard Zone 2 (DD1400) 4 096 min
Reserved Zone 5 end 58,059 mm (DD0400) 4 096
Outer . end 58,106 mm
Drive Outer Disk Test Zone (DCD400) 12 288
Area
end 58,247 mm 22 096
Guard Zone 3 start > 58,500 -- nominal

16 Layqut of the Information Zone

The Information Zone 'of single-sided and of each side of double-sided disks shall be sub-divided as shown|in
Table 6 apd Table-ZYThe radii indicated in Table 6 and Table 7 for some of the Zones are the nominal values
of the centre of the first or last track of the Zone.

16.1 Usage of the Data Zone

Depending on the application, it might be necessary to adapt the length of the Data Zone on Layer 0 (e.g. to
set the “layer jump” at a predetermined position). In this case the start of Middle Zone 0 shall be shifted
towards the inside of the disk. At the same time, the end of Middle Zone 1 shall be shifted by the same
amount, such that the first address of the Data Zone on Layer 1 is the inverse of the last address of the Data
Zone on Layer 0 (see 16.2). The layer jump is only allowed to be set at an ECC Block boundary and shall be
fixed at initialization of the disk. The layer jump position shall never be changed, unless the disk is re-
formatted or is used in sequential recording mode (see 23.3).

The maximum possible PSN of the Data Zone on Layer 0 (end_L0), representing the layer jump position, shall
be recorded in the Physical format information in the Control Data Zone (see 17.10.1).
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R <58 mm
nominal
| Middle Outer Drive
| Lead-out Zone Data Zone | Zone 1 Area 1
Layer 1 [TTEATTAIT < 1
I
| I | | |
Spacer | | | | Middle Outer Drive
| Lead-in Zone | Data Zone | Zone 0 Area 0
Layer O L > ==
! ! 1(030000) (end_LO)! |
R =24 mm R =58 mm
nominal nominal
Figure 23 — Usage of the Data Zone
FQgr the host/application the Data Zone on Layer 0 and the Data Zone on_Layer 1 shall be treated as one

CO

(

im

[0)

16

htiguous Data Zone (see Figure 24 and clause 22). At the moment.the/ ECC Block located gt address
1d_L0) in the Data Zone on Layer 1 has to be recorded, at least 4°"ECC Blocks in the Middle Zone 1
mediately preceding the Data Zone on Layer 1 shall be recorded. These ECC Blocks function as a run-in for
th¢ Data Zone on Layer 1.
Maximum possible PSN of Data.Zone on Layer 0 = (end_LO)
(end_LO) = (22D7FF) and (end_L0) = (DD2800) unless set otherwise
(030000) (end."LO) (end_LO) (FCFFFF)
“contiguq@)@%gical address space of User Data _
AN >
LSN O LSN n-1] [LSN n LSN 2n-1
Lead-in Zone Data Zongé-on Layer 0 Data Zone on Layer 1  Lead-¢ut Zone
Inner side of disc Inner sidg of disc
< Run-in >
Middle Zone 0 Middle Zone 1
Outer edge of disc
Figure 24 — Contiguity of Data Zones
.2 Physical Sector Numbers (PSNs)
e ,PSNs on each recording layer increase by 1 for each next Physical Sector in the tracking direction on that

Th
la

er«(see Figure 25) The first Physical Sector of the Data Zone on | ayer 0 shall have PSN (030000

).

The Physical Sector Numbers on Layer 1 are derived from the Sector numbers at the same radial position on
Layer 0 by inverting its bits, viz. changing from ZERO to ONE and vice versa. The highest Physical Sector
Number in the Data Zone on Layer 0 (end_L0) shall be such that the inverted value is a multiple of 16.

NOTE

Ph

ysical Sector Number < 0 to occur anywhere on the disk.
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(FD0O000) (FCFFFF)
A /> Address on Layer 1

| (end_LO)

Physica
Number, Lead-out (Xo0RX) Middle
Zone Data Zone Zone
N A\
Lead-in Data Zone Middle
Zone Zone |
(XXXXXX)

/ (end_LO)J

/j\\ Address on Layer 0
(02FFFF) (030000)

Figure 25 — Physical Sector numbering

Radius

17 Lead-in Zone

The Lead{in Zone is the innermost Zone of the Information Zone on Layer 0. It shall consist of the parts shoywn
in Figure 26.

The Phys|cal Sector Number of the first and)last Physical Sector of each part is indicated in Figure 26]in
hexadecimal and decimal notation and the number of Physical Sectors in each part are indicated in decimal
notation.

A maiden|disk does not have any data recorded in the Lead-in Zone. After finalization (see clause 23) of the
disk, the Uead-in Zone shall be-recorded according to 17.1 to 17.11.

17.1 Initjal Zone

The Main [Data of the, Data Frames in this Zone, when recorded, shall be set to all (00). The recording in the
Initial Zone shallksstart at radius 22,6 mm max. This International Standard does not specify the number| of
Physical Sectors’in the Initial Zone.

NOTE —ThrePhysicat-Sector Number of thefirst Physicat-Sector of the BateaZorme s fargeenougtrsoas toprevertt a

Physical Sector Number < 0 to occur in the Initial Zone.

17.2 Inner Disk Test Zone

12 288 Physical Sectors reserved for drive testing and OPC algorithm (see Annex I). This Zone shall be filled
with Main Data set to (00).
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This Guard Zone is used as a protection for separating test writing zones from information zones containing

user data.

Physical Sectors.

Physical Sector 175 231
Physical Sector 175 232

Initial Zone
all Physical Sectors
with Main Data set to (00)

Inner Disk Test Zone

Physical Sector (02AC7F)
Physical Sector (02AC80)

17

Physical Sector 187 519
Physical Sector 187 520

Physical Sector 188 031
Physical Sector 188 032

Physical Sector 192 127
Physical Sector 192 128

Physical Sector 192 191
Physical Sector 192 192

Physical Sector 192 447
Physical Sector 192 448

Physical Sector 192 511
Physical Sector 192 512

Physical Sector 192 543
Physical Sector 192 544

Physical Sector 193 023
Physical Sector 193 024

Physical Sector 196 095
Physical Sector 196 096

Physical Sector 1961607
Physical Sector@96 608

.4 Reserved Zone 1

4

12 288 Physical Sectors

Guard Zone 1
512 Physical Sectors
with Main Data set to (00)

Reserved Zone 1
4 096 Physical Sectors

Reserved Zone 2
64 Physical Sectors

Inner Disk Identification Zone
256 Physical Sectors

Reserved Zone 3
64 Physical Sectors

Reference Code Zone
32 Physical Sectors

Buffer Zone 1
480Physical Sectors
withkMain Data set to (00)

Control Data Zone
3 072 Physical Sectors

Buffer Zone 2
512 Physical Sectors

Data Zone

Physical Sector (02DC7F)
Physical Sector (02DC80)

Physical Sector (02DE7F)
Physical Sector'(02DE80)

Physical Sector (02EE7F)
Physical.Sector (02EE80)

Physical Sector (02EEBF)
Physical Sector (02EECO)

Physical Sector (02EFBF)
Physical Sector (02EFCO0)

Physical Sector (02EFFF)
Physical Sector (02F000)

Physical Sector (02F01F)
Physical Sector (02F020)

Physical Sector (02F1FF)
Physical Sector (02F200)

Physical Sector (02FDFF)
Physical Sector (02FE00)

Physical Sector (02FFFF)
Physical Sector (030000)

Figure 26 — Lead-in Zone on Layer 0

If recorded, this Zone shall be filled with Main Data set to (00). This zone shall contain 512

D96 Physical Sectors (= 256 ECC Blocks) reserved for Defect Management use. If not used all bytes shall

be set'to (00).

17.5 Reserved Zone 2

64 Physical Sectors reserved for Defect Management use. If not used all bytes shall be set to (00).

©l
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17.6 Inner Disk Identification Zone
256 Physical Sectors reserved for information agreed upon by the data interchange parties. Each set of
16 Physical Sectors from one ECC Block is either a Disk Control Block (DCB) (see clause 24) or recorded

with all (00) Main Data. Each ECC Block in this Zone following one recorded with all (00) Main Data shall also
be recorded with all (00) Main Data.

17.7 Reserved Zone 3

64 Physical Sectors reserved for Defect Management use. If not used all bytes shall be set to (00).

17.8 Reference Code Zone
The recorded Reference Code Zone shall consist of the 32 Physical Sectors from two ECC Blocks which
generate @ specific Channel bit pattern on the disk. This shall be achieved by setting to (AC)all 2 048 Main

Data bytes of each corresponding Data Frame. Moreover, no scrambling shall be applied’ to these Data
Frames, gxcept to the first 160 Main Data bytes of the first Data Frame of each ECC Block.

17.9 Bulffer Zone 1

in

This Zong shall consist of 480 Physical Sectors from 30 ECC Blocks. The Main Data of the Data Frames|
this Zone ghall be set to all (00).

17.10 Control Data Zone

This Zong shall consist of 3 072 Physical Sectors from 192 ECC Blocks. The content of the 16 Physigal
Sectors of each ECC Block is repeated 192 times, unless specified otherwise. The structure of a Control Data
Block shall be as shown in Figure 27.

Physical format information
27048 bytes
Diskmanufacturing information
2 048 bytes

Content provider information

14 x 2 048 bytes

Figure 27 — Structure of a Control Data Block

17.10.1 Physical format information
This information shall comprise the 2 048 bytes shown in Table 8. It contains disk and format information.

56 © ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

Table 8 — Physical format information

Byte number Content Number
of bytes

0 Disk Category and Version Number 1

1 Disk size 1

2 Disk structure 1

3 Recording density 1
4t015 Data Zone allocation 12
16 General Flag bits 1

17 Disk Application Code 1

18 Extended Information Indicators 1

19 to 26 Disk Manufacturer ID 8
27 to 29 Media Type ID 3
30 Product revision number 1

31 number of Physical format information bytes in use in ADIP up to byte 63 1
3210 63 Basic write strategy parameters for Layer 0 32
64 to 95 Extended Information block 0 for Cayer 0 32
96 to 127 Extended Information block 4 for Layer 0 32
128 to 159 Extended Information bleck.2 for Layer 0 32
160 to 191 Extended Information‘block 3 for Layer 0 32
192 to 223 Extended Informatief’ block 4 for Layer 0 32
224 to 255 Extended Information block 5 for Layer 0 32
256 Disk Category and Version Number 1
257 Disk size 1
258 Disk structure 1
259 Recording density 1
260 to 271 Data Zone allocation 12
272 General Flag bits 1
273 Disk Application Code 1
274 Extended Information indicators 1
275 to 282 Disk Manufacturer ID 8
283 to 285 Media Type ID 3
286. Product revision number 1
287 number of Physical format information bytes in use in ADIP up to byte 63 1
288 to 319 Basic write strategy parameters for Layer 1 32
320 to 351 Extended Information block O for Layer 1 32
352 to 383 Extended Information block 1 for Layer 1 32
384 to 415 Extended Information block 2 for Layer 1 32
416 to 447 Extended Information block 3 for Layer 1 32
448 to 479 Extended Information block 4 for Layer 1 32
480 to 511 Extended Information block 5 for Layer 1 32

512 to 2 047 Reserved — All (00) 1536
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The information in bytes 0 to 255 are copied from the ADIP auxiliary data on Layer O during initialization of the
disk and may be modified during use to reflect the actual status of the disk (e.g. the Data Zone allocation
bytes). All 256 bytes have the same definitions and shall have the same contents as the Physical format
information in the ADIP Aux Frames on Layer 0 as defined in Table 3 and 14.4.2, except the following bytes:

Byte 1 - Disk size and maximum transfer rate

Bits by to by

Bits bs to

DA
v

same as 14.4.2

shall specify the maximum read transfer rate

These bits may be set to one of the following values (depending on the maximum read-=out
speed needed by the application):

0000: specify a maximum transfer rate of 2,52 Mbits/s (see note at 29.3)

0001: specify a maximum transfer rate of 5,04 Mbits/s (see note at 29.3)

0010: specify a maximum transfer rate of 10,08 Mbits/s

1111: specify no maximum transfer rate is specified.

All other combinations are reserved and shall not be used.

Bytes 4 t¢ 15 - Data Zone allocation

Bytes 4 to
Byte 8

Bytes 9 to

Byte 12

Bytes 13

Byte 16 —
Bit b7
Bit bg

Bit b

7

11

Bits b4 to bo

same as 14.4.2

shall be set to (00)

shall specify the Sector Number of the actual last.Physical Sector of the Data Zone. Usug
this field is set to the same value as in 14.4.2, however in special cases other values can

allowed (see 23.3).

shall be set to (00)

(this PSN represents the locatiofuof the layer jump, see 16.1). This value shall be < (22D7F
(for 80 mm disk see Annex A).

General Flag bits

same as 14.4.2
same as 14.4.2

shaltspecify if Buffer Zone 2 in the Lead-in Zone contains VCPS related information,

shall be set to 0, indicating no VCPS related information is present in Buffer Zone 2,

Iy
be

0 15 shall specify the Sector Number of; the actual last Physical Sector of the Data Zone on Layef 0

F)

VCPS System Description (see Annex O).

same as 14.4.2

— imicating BufferZome=2 e S TetatetHt . tefimet-he

The information in bytes 256 to 511 have the same definitions and shall have the same contents as bytes 0 to
255 of the Physical format information in the ADIP Aux Frames on Layer 1 as defined in Table 3 and 14.4.2.

The remaining bytes 512 to 2047 have no relation to the ADIP information and shall be set to all (00).
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17.10.2 Disk manufacturing information

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

17.10.3 Content provider information
These 28 672 bytes shall be set to all (00).

Under no circumstance may data received from the host be recorded in this field.

en these
this field.

Cireumvention—Reco : z z 2 : b
are produced to record, or can easily be modified to record, in any manner, a user-defined numben.i

THis recorded Zone shall consist of 512 Physical Sectors from 32 ECC Blocks. During-use of the disk VCPS
related information may be recorded to these 32 ECC Blocks, according to the specifications giyen in the
PS System Description (see Annex O). If no VCPS related information is copied’'to these locatiors then the
ain Data of the Data Frames in this Zone shall be set to all (00).

18§ Data Zone
Two times 2 086 912 Physical Sectors for the storage of user data(for 80 mm disk see Annex A).

THe start radius of the Data Zone on Layer 0 and Layer~1ris determined by the location of Physical ADIP
Address (00C000) and (F74A00) respectively and the smmaximum/minimum end radius is determined by the
lo¢ation of Physical ADIP Address (08B600) and (FF4000) respectively (see 14.4.1.1, bit 2 to 23 and 13.7.1).

19 Middle Zones

Bqth layers have a Middle Zone located\at the outer side of the disk. They shall consist of the partg specified
in [Figure 28 and Figure 29. The Physical Sector Number of the first and the last Physical Sector off each part
is [indicated in Figure 28 and Figure 29 in hexadecimal and decimal notation and the number of Physical
Sqctors in each part is indicatedtin decimal notation. (for 80 mm disk see Annex A)

THe Middle Zones shall be located opposite each other, meaning that the end address of the Middlg Zone on
Layer 1 (the most inner.PSN) is the inverse of the start address of the Middle Zone on Layer 0 (als¢ the most
inmer PSN).

When Layer Q ‘has been fully recorded (user data or formatting), then both Middle Zone 0 on Layer 0 and
Middle Zone~1\on Layer 1 shall be recorded before ejecting the disk from the drive.

When_ the-formatting on Layer 1 (see 23.2.2.2) is completed before Layer 0 is fully recorded, then|a (partial)
Middle Zone 1 of at least 4 ECC Blocks shall be recorded on Layer 1 (see also 16.1 and 24.2 byte Dj¢g).
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Physical Sector 2 283 519 max
Physical Sector 2 283 520 max

Physical Sector 2 284 287 max
Physical Sector 2 284 288 max

Physical Sector 2 284 543 max
Physical Sector 2 284 544 max

Data Zone on Layer 0

Buffer Zone 3
768 Physical Sectors
with Main Data set to (00)

Reserved Zone 4
256 Physical Sectors
with Main Data set to (00)

Guard Zone 2
min 4 096 Physical Sectors

Physical Sector (22D7FF) max
Physical Sector (22D800) max

Physical Sector (22DAFF) max
Physical Sector (22DB00) max

Physical Sector (22DBFF) max
Physical Sector (22DC00) max

Phy
Phy

Phy
Phy

Phy
Phy

19.1 Buf

These red
Zone 3 is

f=Y) H Lo n faWaYoYoWaYaYal
rrryosital OTULUN £ 200 VOJ

Physical Sector 2 288 640

I W D .. S PR aVa\
WILT VidlllT Udld STl 11U (UU)

Outer Drive Area

Dl H Lo b VZaYaY md =Y el ek ¥
riryosital OCTULLWUN (221 DT'T)

Physical Sector (22EC00)

Figure 28 — Middle Zone on Layer 0

Physical Sector 14 488 575
Physical Sector 14 488 576

sical Sector 14 492 671 min
sical Sector 14 492 672 min

sical Sector 14 492 927 min
sical Sector 14 492 928 min

sical Sector 14 493 695 min
sical Sector 14 493 696 min

Outer Drive Area

Guard Zone 2
min 4 096 Physical Sectors
with Main Data set to (00)

Reserved Zone 4
256 Physical Sectors
with Main Data set to (00)

Buffer Zone 3
768 Physical Sectors
with Main Data set to (00)

Data Zone onLayer 1

Physical Sector (DD13FF)
Physical Sector (DD1400)

Physical Sector (DD23FF) min
Physical Sector (DD2400) min

Physical Sector (DD24FF) min
Physical Sector (DD2500) min

Physical Sector (DD27FF) min
Physical Sector (DD2800) min

Figure 29 — Middle Zone on Layer 1

fer Zones 3

orded Zones shall consist of\768 Physical Sectors. The outermost possible start location of Buf

fer

22D800) on Layer 0 and((DD2500) on Layer 1 (for 80 mm disk see Annex A). The Main Data of the
Data Franes in this Zone shall beset to all (00).

19.2 Reserved Zones 4

256 Physi

cal Sectors ‘are reserved and shall be set to (00).

19.3 Guard Zones 2

These GU

ard_Zones-—are used-—as a2 nraotaction for senaratina test writina zanaes fraom information zao
14 134

es

J J
containing user data. They also provide for a recorded area on the opposite layer, at any position within the
Data Zone of each layer (to cope with radial misalignments of inner and outer diameters of the Data Zones).
(for 80 mm disk see Annex A)

The Guard Zones 2 shall be filled with Main Data set to (00).
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If the full storage capacity (2 086 912 sectors) of the disk is used, these zones shall contain 4 096 Physical
Sectors.

If only 2 086 912 — n sectors of the Data Zone on each layer are used (see Figure 30),

while n < 12 288, both Guard Zones 2 shall contain 4 096 + n Physical Sectors (no gap between Guard Zone
2 and the Outer Drive Area);

if n > 12 288, both Guard Zones 2 shall contain at least 16 384 Physical Sectors, adjoining the Reserved Zone
4 (on each layer a gap between Guard Zone 2 and the Outer Drive Area is allowed).

In the latter case (n > 12 288), the Guard Zones 2 can be extended with Physical Sectors filled with Main Data
sefto(00)to fittup thegap up to a certaim radius or up to the Outer Drive Area, or this gap, gan be left
unrecorded. The choice for these options is left to the drive manufacturer.

< 12 288 sectors
R < 58 mm H—N

Example 1: less than 12 288 sectors unused nominal | no gap .

Lo/ |

Il

1 (030000) (end_ LO)I H—‘N
4 096 < Guard Zone 2<16 384
\

Example 2: more than 12 288 sectors unused

! R < 58 mm '«

> 12288 sectors

\
i
= Vo7 > Outer Drive
| Data Zone  nominal | Middle Zone’> 0,2 mm | ! Areamv
Lo W < gap j =
i ‘ ——
|(030000) (end_LO)| @& (22D7FF)
R =24 mm Guard Zone 2 R = 58 mm
nominal > 16 384 sectors nominal

Figure 30 — Two examples of size of Guard Zone 2 on Layer 0
(layout on Layer 1 shall be similar)

20 Outer Drive Areas

Bqth layers have an Quter Drive Area located at the outer side of the disk. They shall consist of
specified in Figure 3and Figure 32. The Physical Sector Number of the first and the last Physica
edch part is indicated in Figure 31 and Figure 32 in hexadecimal and decimal notation and the
Physical Sectorsiin/each part is indicated in decimal notation. (for 80 mm disk see Annex A)

the parts
Sector of
humber of

Guard Zone 2
with Main Data set to (00)

(9ap)

Physical Sector 2 288 640

Physical Sector 2 292 735
Physical Sector 2 292 736

Physical Sector 2 305 023
Physical Sector 2 305 024

Reserved Zone 5
4 096 Physical Sectors
with Main Data set to (00)

Outer Disk Test Zone
12 288 Physical Sectors

Guard Zone 3
nominal 22 096 Physical Sectors
with Main Data set to (00)

Figure 31 — Outer Drive Area on Layer 0
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Physical Sector (22EC00)

Physical Sector (22FBFF)
Physical Sector (22FCO00)

Physical Sector (232BFF)
Physical Sector (232C00)
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Physical Sector 14 472 191

Guard Zone 3
nominal 22 096 Physical Sectors
with Main Data set to (00)

Physical Sector 14 472 192

Physical Sector 14 484 479

Outer Disk Test Zone
12 288 Physical Sectors

Physical Sector 14 484 480

Physical Sector 14 488 575

Reserved Zone 5
4 096 Physical Sectors
with Main Data set to (00)

(gap)

Physical Sector (DCD3FF)
Physical Sector (DCD400)

Physical Sector (DDO3FF)
Physical Sector (DD0400)

Physical Sector (DD13FF)

Figure 32

20.1 Reserved Zone 5

4 096 Phy

20.2 Out

12 288 PH
with Main

er Disk Test Zone

20.3 Guard Zone 3

This Zone]

21 Leac
The Lead
Zone sha
(FDC380)

The Lead

l-out Zone

o =z 0.
Sudid £L0l1C £

with Main Data set to (00)

— Outer Drive Area on Layer 1

sical Sectors are reserved and shall be set all (00).

ysical Sectors reserved for drive testing and OPC algorithm (se€ Annex I). This Zone shall be fill
Data set to (00) (for 80 mm disk see Annex A).

shall be filled with Main Data set to (00) or may be*left unrecorded.

out Zone is located at the inner sideof the disk on Layer 1. The minimum length of the Lead-(
| be about 50 048 sectors, ranging_from address (FD000O) at radius 24,0 mm nominal to addrg
at radius 22,6 mm maximum, all recorded with Main Data set to (00).

out Zone shall consist of the-parts specified in Figure 33.

ut
SS

in

T
~

~

")

The Physical Sector Number of-the first and the last Physical Sector of each part is indicated in Figure 33
hexadecimal and decimal notation and the number of Physical Sectors in each part is indicated in decinpal
notation.
Data Zone
Physical Sector 16 580 607 Physical Sector (FCFFFF
Physical Sector 16 580 608 Buffer Zone 4 Physical Sector (FD00O
9 088 Physical Sectors
Physical-Seeter16-589-695 with-Matr-Data-sette{063 Physical-SecterFB23H
Physical Sector 16 589 696 Inner Disk Test Zone Physical Sector (FD2380)
Physical Sector 16 601 983 12 288 Physical Sectors Physical Sector (FD537F)
Physical Sector 16 601 984 Final Zone Physical Sector (FD5380)
all Physical Sectors
with Main Data set to (00)
Figure 33 — Lead-out Zone on Layer 1
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21.1 Buffer Zone 4

This Zone shall consist of 9 088 Physical Sectors. The Main Data of the Data Frames in this Zone shall be set
to all (00).

21.2 Inner Disk Test Zone

12 288 Physical Sectors reserved for drive testing and OPC algorithm (see Annex |). This Zone shall be filled
with Main Data set to (00).

21.3 Final Zone

THe Main Data of the Data Frames in this Zone, when recorded, shall be set to all (00). The recorgling in the
Fimal Zone shall end at radius 22,6 mm max. This International Standard does not specify the number of
PRhysical Sectors in the Final Zone.

22 Assignment of Logical Sector Numbers (LSNs)

Lagical Sector Numbers (LSNs) shall be assigned contiguously increasing by one from LSN 0, starting from
the first PSN (030000) to PSN (end_LO0) on Layer 0 and then continuifg uninterrupted from PSN (eend_LO) to
P3N (FCFFFF) on Layer 1 (see Figure 24 and also Annex J).

23 Formatting

THe disk shall be considered fully formatted if all areas-in the Information Zone have been recorded| The Main
data bytes in the ECC blocks can contain relevant-data or can be set to dummy data (all bytes (00)). All ECC
blgcks, including those with dummy data, shall comply with clause 13.

THe disk shall be considered partially formatted if at least the Inner Disk Test Zone, the Guard Zpne 1, the
Reserved Zone 1, the Reserved Zone_2, the Inner Disk Identification Zone, the Reserved Zdne 3, the
Reference Code Zone, the Buffer Zéne' 1, the Control Data Zone and the Buffer Zone 2 in the Lead-in Zone
and the Inner Disk Test Zone and the Buffer Zone in the Lead-out Zone have been recorded.

Tq indicate the status of the disk, the Inner Disk Identification Zone shall contain Formatting Disk Control
Blpcks (FDCBs) (see 24,2).

NQTE To enable-data’retrieval by Read-Only drives, the disk shall be formatted or recorded sequentially.

Fgrmatting can<be-done in two different ways:

1)[Pre-formatting, which is the conventional way of formatting used for many storage media. Aft¢r the pre-
formatting-process, the disk is fully formatted. User Data shall not be recorded to the disk untjl the pre-
fofmatting process is complete.

This process consists of the following steps:

— write Lead-in Zone

— write Data Zone on Layer 0

— write Middle Zones 0/1

— write Data Zone on Layer 1

— write Lead-out Zone

— verify the Data Zone (optional)
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2) Background formatting, which is a formatting process that runs in the background during use of the disk
on a recorder. After the Background formatting process, the disk is fully formatted. User Data may be
recorded to the disk during the Background formatting process. The disk may be interchanged at any time
after the first step.

This process consists of the following steps:

— Initialization
— De-icing

— Finalization
— Verificatjon

Initializatign shall always be applied to a maiden disk, while the other steps are optional.
A third waly of using the disk is

3) Sequential recording without formatting, where the disk is recorded by appending data to the end of the
Data Zong.

23.1 Prel-formatting

If Pre-fornpatting is applied, this shall be done before any User Data is recorded onto the disk.
The Inner|Disk Identification Zone shall contain FDCBs according to 24.2.indicating pre-formatting in progress.
All other 4ones shall be recorded according to clause 17, 18, 19, 20"and 21.

After fully formatting the disk and before ejecting the disk, the:drive shall update the FDCBs.
23.1.1 Vdrification

Optionallyl the Data Zone can be certified. During this) process every ECC Block in the Data Zone is checkied
for correciness.

23.2 Bagkground formatting

Because the Pre-formatting process ¢an*be rather time consuming, and the user may want to use a blank d|sk
immediatgly, Background formatting can be used instead of Pre-formatting. During the Background formatting
process oply a minimum amourit of data will be recorded onto the disk, after which the disk can be used py
the applicption. A disk on whiety a Background formatting process is active, may be formatted further by the
recorder in the background-during the moments that the application is not accessing the disk. Recording|of
User Datq into previouslyunrecorded areas shall be considered formatting of that area.

Lead-in Zone (see Table 6) and the Inner DISk Test Zone and the Buffer Zone 4 in the Lead out Zone (see
Table 7). In any case, these areas shall be recorded before the disk is ejected.

The Inner Disk Identification Zone shall contain FDCBs according to the definitions in 24.2.
All other Zones shall be recorded according to clause 17.
Optionally the Middle Zone 0 and Middle Zone 1 can be recorded.

After initialization the disk can be released for the application.
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23.2.2 De-icing
De-icing is the process of recording all ECC blocks in the Data Zone. During the De-icing phase, u

nrecorded

areas in the Data Zone shall be filled with ECC blocks containing all (00) bytes or with User Data when

requested.

All recorded areas shall be registered in the Formatting bitmap of a Formatting Disk Control Block

(FDCB) in

the Inner Disk Identification Zone. During the time intervals when the drive is idle, the De-icing process,
controlled by the drive, can proceed in the background. When the application requests disk access, the De-

icing process is suspended and the control of the disk is returned to the application. Application

requested

writes to previously unrecorded areas shall be registered in the FDCB. During background De-icing the drive

shjpuld keep the FDTBs updated. When an eject 1s requested during background De-icing, the
update the FDCBs before ejecting the disk.

Tq facilitate data retrieval by Read-Only devices from a disk that is sequentially filled up“with

starting on Layer O (which is the usual case), it is required to have Layer 1 recorded up\till’at least
raglius as Layer 0. To reach such a disk status, several procedures could be followed(ln-23.2.2.1 an

twp examples for such procedures are given.

NQTE in case of Random Recording (non-continuous / non-sequential user’data recording), data

Rgad-Only devices can only be expected to be feasible if all unrecorded areas up(tilljthe outermost user data

hale been filled up with dummy data before the disk is ejected from the recorder,

23.2.21 Example 1 of De-icing procedure

In [this example the Background formatting is performed piecesby-piece on Layer 0 and Layer 1 3

Hrive shall

User Data
the same
d 23.2.2.2,

etrieval by
recordings

lternately.

Sge the example in Figure 34, where the Background formatiing starts on Layer 1 (1), then writes @ piece on

Layer 0 (2), goes back to Layer 1 (3), et cetera (4 on Layer'0, 5 on Layer 1, 6 on Layer 0, 7 on Layer

When the drive now receives a request to write User Data (8 in the example), the Background forn

be interrupted and this User Data recording will get,priority.

1).

hatting will

After such host intervention the Background formatting should first level up the recordings on both layers (9 in

th¢ example). After that, the Background:fermatting proceeds with the piece-by-piece recording of G

alternately (10 on Layer 1, 11 on Layer0;etc.).

Bgcause too small chunks of Background Formatting will result in many layer jumps and too lar
might result in longer waiting~times at eject, the number of ECC Blocks for the piece-wise B
fofmatting should be optimizedfor each recorder. A guide value for the number of ECC Blocks in e
is p12 (corresponding to/5 seconds at 2,4 x recording speed).

THe Last Written/Forwards-formatted Address (LWA) and the First Backwards-formatted Address
used on Layer 1),°both contained in the FDCBs (see 24.2), shall be used to indicate the progress st
B4gckground fermatting process.

oth layers

pe chunks
hckground
ach chunk

FBA, only
htus of the
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FBA = First Backwards-formatted Address

Background unrecorded
Formatting area
23,4mm 24,0mm
—> | < > | < i S S——
Final Lead-out Zone Data Zone Middle
Zone 1
Test Inner Control P LWA
Zone 0 Disc ID Data i — —
2 4 6 user(8) .

Initial Middle
Zone | Lead-in Zone P Data Zone R ‘Zone 0
> | < > | < > | <

——_— Sequential -~
‘ User Data ‘ unrecarded
Background Formatting §ca

LWA = Last Written/Forwards-formatted Address

Figure 34 — Example 1 of Background Formatting

23.2.2.2 |Example 2 of De-icing procedure

In this exgmple first the Background formatting on Layer 1 is performed in a piece-by-piece way, working from
the inner [side of the disk towards the outer side. See theexample in Figure 35, where the Background
formatting| starts on Layer 1 (1, 2, 3, 4).

When the|drive now receives a request to write User Data (5 in the example), the Background formatting will
be interrupted and this User Data recording will get priority.

FBA = First Backwards-formatted Address

Background unrecorded
Formatting area
23,4mm 24,0mm
Final 2 Lead-out-Zone 2 Data Zone - ‘Middle
Zone | NS Zone 1
Test <<
Zone 1 i FBA
Test Inner Control . LWA
Zohe Disc ID Data —
user (5) -

Initial Middle
Zone Lead-in Zone Data Zone Zone 0
—> |« > | < >«
Sequential Dummy unrecorded

User Data Data area

LWA = Last Written/Forwards-formatted Address

Figure 35 — Example 2 of Background Formatting
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After such host intervention the Background formatting should proceed on Layer 1 with leveling up the
recordings on both layers (6 in the example). After that, the Background formatting proceeds with the
piece-by-piece recording of Layer 1 (7, 8, etc.).

Once Layer 1 has been fully formatted, Layer 0 can be further filled by the formatting process, which can be
performed in the normal sequential way of recording.

Because too small chunks of Background Formatting will result in many jumps and too large chunks might
result in longer waiting times at eject, the number of ECC Blocks for the piece-wise Background Formatting
should be optimized for each recorder. A guide value for the number of ECC Blocks in each chunk is 512

PUH 4 I, + L pu | e W, | P H PUAY
C VITCTOPUITUINTTY (U dUUUL J OoCTLUTIUS al 4,FA TTULUTUINTY opTTU]).

THe Last Written/Forwards-formatted Address (LWA) and the First Backwards-formatted Address (FBA, only
to|be used on Layer 1), both contained in the FDCBs (see 24.2), shall be used to indicate the progress status
of the Background formatting process.

Tq further improve the capabilities of Read-Only devices to retrieve data from a partially formatted disk, it is
recommended to extend the User Data recordings on Layer 0 by at least 64 ECGC Blocks containing dummy
data before the disk is ejected from the drive, such to guarantee some run-out.area.

NQTE As it is not always sure that Layer 1 does not contain User Data, outside the maximum recordgd radius of
Laler 0, it is recommended to fill up Layer O until the same outer radius before the disk is ejected, if one is aiming at the
bept possible data retrieval capabilities for Read-Only devices. As long as,the disk is not fully formatted this might extend
the eject time.

23.2.3 Finalization

When the De-icing process has finished and all areas in the Data Zone have been recorded, the frive shall
add the Middle Zones according to clause 19 and the Quter Drive Areas according to clause 20.

THe Lead-in Zone shall be finished by adding the>Initial Zone according to clause 17 and the Lead-out Zone
shall be finished by adding the Final Zone according to clause 21.

23.2.4 Verification (optional)

Vdrification is the process of reading and checking all ECC blocks in the Data Zone. If an ECC blogk is found
unreliable, this block can be replaced using a Defect Management system (see clause 3).

THe Last Verified Address (LVA) pointer in the Formatting Disk Control Blocks (FDCBs) in the |nner Disk
Identification Zone shall register the area that has been checked. During the time intervals when the disk is
idle, the Verification proeess, controlled by the drive, can proceed in the background. When the application
requests disk accessj the Verification process is suspended and the control of the disk is returped to the
application. During\background Verification the drive should keep the FDCBs updated. When gn eject is
requested during’background Verification, the drive shall update the FDCBs before ejecting the disk

23.3 Sequential recording without formatting

If the-disk is used for contiguously sequential recording only, a Dummy Zone immediately following the last
recorded-UserbData—shotidberecorded-before chut;lly the-disk—he huotllapp:;uat;uu canwrite-additional data

to the disk by overwriting the Dummy Zone with User Data immediately followed by a new Dummy Zone.

During recording on Layer 0 the host/application can adapt the layer jump position and then continue
recording on Layer 1 as described in 16.1. However after starting recording on Layer 1, the layer jump position
shall be definite, and both Middle Zones shall be recorded before the disk is ejected from the drive.

When a disk is going to be used for sequential recording without formatting, it shall be initialized in the same

way as for Background formatting (see 23.2.1) and as long as there are unrecorded areas, the FDCB shall be
used in the same way as during the De-icing process (see 23.2.2).
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The Formatting status in the FDCBs (see 24.2) shall be set to “partially formatted”, the Last Written Address
shall be set to the last PSN of the last contiguously recorded ECC Block (end_rec, including the Dummy
Zone). The LWA shall continue on Layer 1 as indicated in Figure 36. All other bits shall be set to their relevant
meaning.

Following bytes in the Control Data Zone relating to the Data Zone allocation (see 17.10.1) shall be set to:

- if the user recordings end on Layer 0:

bytes 9 to 11: shall be set to the last PSN of the actual last ECC Block containing User Data supplied by
the hostfappticatiomr(end—data;notinciudingthe Bommy 2oy

bytep 13 to 15: shall be set to the last PSN of the actual last ECC Block containing User Data Supplied
by the host/application (end_LO = end_data, not including the Dummy Zone);

- if the user recordings extend beyond the layer jump onto Layer 1:

bytep 9 to 11: shall be set to the last PSN of the actual last ECC Block containing, User Data supplied |by
the host/application (end_data, not including the Dummy Zone),

bytep 13 to 15: shall be set to the last PSN of the Data Zone on Layer 0 (end) LO, identifying the location
of the layer jump).

Recordings end on Layer 0

Layer 1 (FCFFFF)
!
FDCB
Layer 0 — WA user data’ J
Control |(030000) (end_data)t (end_rec) (22D800)
Dellta (end_LOY}

Recordings end on Layer. 1

Layer 1 (FCFFFF) L user data

(end_rec) A(end_data)

FRDCB
LWA user data
Control |(030000) (end_LO) (22D800)

Data

Layer.0

Figure 36 — Example of Sequential recording

The Dummy Zone shall fulfil the following rules:

- Bits by7 to byg in the ID field of the Data Frames in the Dummy Zone shall be set to ZERO ZERO,
identifying the Dummy Zone as if it was Data Zone.

- The length of the Dummy Zone shall be at least 64 ECC Blocks.

For optimum compliance with ISO/IEC 16448 the rules as given in Table 9 should be followed (for 80 mm
disk see Annex A).
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Table 9
Length of the Recorded part End of the Dummy Zone on Layer 0
of the Data Zone on Layer 0 (radius)
(end radius)
less than 34,0 mm 35,0 mm min.
34,0 mm to 57,5 mm end radius Data Zone + 1,0 mm min.
57,5 to 58,0 mm 58,5 mm

Tq
re

24 Disk Control Blocks

Di

Al
of

Es
(F

24.1 General format of Disk Control Blocks

TH

prevent Read-Only devices from landing in possibly unrecorded data areas, Annex K gi
commendations how to move over from Layer 0 to Layer 1 and vice-versa.

5k Control ECC Blocks are provided as a structure on the‘disk to include additional infor
inferchange between the data interchange parties. DCBs arewwecorded in the Inner Disk Identifica
DCBs shall have the same format for the first 40 data bytes. A special DCB is defined to reflect
the formatting process and to hold some general information.

ch type of DCB (i.e. with some specific Content Descriptor other than (00000000), (FFFH
FFFFFFF)) shall occur only once in each of thednner Disk Identification Zone.

e Main Data of each Disk Control Block shall be according to Table 10.

The Dummy Zone should be filled with all Main Data (00).

It is allowed to have an unrecorded area between the end of the Dummy Zone and Buffer Zong 3 located

at radius 58 mm.

Table10 — General format of each Disk Control Block

Physical Sector of each DCB Main Data BP | Description
0 Dg to D3 Content Descriptor
0 D4 to Dy Unknown Content Descriptor Actiong
0 Dg to D3g Drive ID
0 Dyg to Dy g47 | Content Descriptor Specific
1to 15 Do — D2 g47 Content Descriptor Specific

Bytes D to D3 — Content Descriptor

if set to (00000000)

the DCB is unused.

The Content Descriptor of all subsequent DCBs in this Inner Disk Identification Zone
shall be set to (00000000).

All remaining bytes, D4 to Dy 947 of Physical Sector 0 and D to D5 47 of Physical Sector 1 to 15 in
Table 10 shall be set to (00).

© ISO/IEC 2007 — All rights reserved
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if set to (46443000) or (46443100)
this DCB shall be as defined in 24.2

if set to (57444300)
this DCB shall be as defined in 24.3

if set to (F

FFFFFFE)

this DCB is bad and shall not be used.

NOTE:
the Conten|

0/bytes D

if set to (F|

this D
All re
Table

All other Vi

Each new
Descripto

Bytes Dy

These bits
drive (i.e.

If any damaged DCB is replaced at an other location, the original location shall be overwritten with a DCB w
[ Descriptor set to (FFFFFFFE) and all remaining bytes set to (00). The List of DCBs (see 24.2, Physical Seg
2g to D1g41) shall be updated accordingly.

FFFFFFF)

CB was previously used and is now available for reuse.
maining bytes, D4 to Do g47 of Physical Sector 0 and D to D5 47 of PhysicakSector 1 to 15 in
10 shall be set to (00).

alues for the Content Descriptor are reserved.

= (00000000) or (FFFFFFFF)).

to D7 — Unknown Content Descriptor Actions

the content descriptor is not set to a known assigned value). These bytes form a field consisting

32 individjal bits.

Bits b31 (¢

Bit bs

Bit by

by Reserved
These bits shall be set to all’ZERO.

DCB overwrite

if set to ONE, modifying the current DCB shall not be allowed,
else it shall.be set to ZERO.

Formatting

if.sét to ONE, reformatting of the disk shall not be allowed,
else it shall be set to ZERO.

ith
tor

DCB added to the Inner Disk Identification Zone shall be wriften at the first unused DCB (Contgnt

are provided to specify required actions when the content and use of the DCB are unknown to the

of

Bit b

Bit by

70

DCB read protect

if set to ONE, the information in this DCB is meant for use by the drive only and shall not
transferred outside the drive,

else it shall be set ZERO.

Data Zone write

if set to ONE, recording shall not be allowed in the Data Zone,
else it shall be set to ZERO.

be
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Bytes Dg to D3g shall contain a unique descriptor, identifying the drive that has last written the DCB. The
format of this unique drive identifier shall be as follows:

Bytes Dg to D53 shall identify the manufacturer of the drive. This name shall be represented by
characters from the GO set + SPACE according to ISO/IEC 4873. Trailing bytes not used shall be set to

(00).

By
By,
PH
By,
24

TH
TH

binary number.

Bytes Dy, to D35 shall identify the model name/type number of the drive. This model name/typg

shall be represented by characters from the GO set + SPACE according to ISO/IEC 4873.\Jrajling bytes
not used shall be set to (00).

Ites Dy to D3 47 Content Descriptor Specific
tes specified by the format description for the DCB with the actual Content Descriptor value.
ysical Sector 1 to 15: Bytes D to D5 47 Content DescriptorSpecific

tes specified by the format description for the DCB with theractual Content Descriptor value.

.2 Format of the Formatting DCB (FDCB)

Table 11 ~ Format of the FDCB for Layer 0

number

Bytes D3g to D3g shall contain a unique serial number of the drive. The 4 bytes shall form pne 32-bit

e Inner Disk Identification Zone shall contain.two'DCBs reflecting the status of the disk, one for gach layer.
ese FDCBs shall have the content as definediin Table 11 and Table 12.

Physical Sector Main Data Description number of
of ECC block byte position bytes
0 Bp-to D3 Content Descriptor 4
0 Dy to Dy Unknown Content Descriptor Actions 4
0 Dg to D3g Drive ID 32
0 Dyq to Dys3 FDCB update count 4
0 Dyy to Dyy Formatting status and mode of Layer 0 4
0 Dyg to D54 Last Written/forwards-formatted address 4
0 Dgo to Dg5 Last verified address of Layer 0 4
0 Dceto Dig | ayer 0 Bitmap Start Address 4
0 Dgg to Dg3 Layer O Bitmap Length 4
0 Dg4 to Dgs Disk ID 32
0 Dgg to D127 Application dependent 32
0 Dq2g to Dqg1 List of DCBs 16x4
0 D1go to Dy 947 Reserved and set to (00) 1 856
1to8 Do to Dy g47 Layer 0 Formatting bitmap 8x2 048
9to 15 Dg to Dy g47 Reserved and set to (00) 7x2 048
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Table 12 — Format of the FDCB for Layer 1

Physical Sector Main Data Description number of
of ECC block byte position bytes
0 Do to D3 Content Descriptor 4
0 D4 to Dy Unknown Content Descriptor Actions 4
0 Dg to D3g Drive ID 32
0 Dyg to Dy3 FDCB update count 4
0 Dyyto Dy Formatting-status-and-mode of Layer 1 4
0 Dyg to D51 First Backwards-formatted address 4
0 Dgo to Dg5 Last verified address of Layer 1 4
0 Dgg to D5g Layer 1 Bitmap Start Address 4
0 Dgg to Dg3 Layer 1 Bitmap Length 4
0 Dg4 to Dgg Disk ID 32
0 Dgg to D127 Application dependent 32
0 D12g to Dqg4 List of DCBs 16x4
0 D1g2 to D3 g47 Reserved and set to (00) 1 856
1t08 Do to Dy 47 Layer 1 Formatting bitmap 8x2 048
D to 15 Dg to Dy 47 Reserved and set' t6 (00) 7x2 048
Physical Bector 0 / bytes D to D3 — Content Descriptor
these bytgs identify the Formatting DCB and shall be set.to:
(46443000), representing the characters “FD0” and the version number 0, in the FDCB for Layer 0,
(46443100), representing the characters “FD1”and the version number 0, in the FDCB for Layer 1.

Physical

shall be
overwritte
the DCB i

Physical
these byte
Physical

these byt i 25 e
(00000000) during the creatlon of the FDCB and shall be

re-written.

72

Sector 0 / bytes D4 to D7 — Unknowhn Content Descriptor Actions

Sector 0 / bytes Dg to D3g — Drive ID
s shall contaifr the drive ID as specified in 24.1.

Bector-0 / bytes Dy to D43 — FDCB update count

det to (0000000D) indicating~that if this DCB is not known to the system, the DCB shall not pe
N, the disk shall not be reformatted, writing to the Data Zone shall not be allowed, while transferring
hformation from the drive 16 the host computer is allowed.
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Physical Sector 0 / byte Dy to D47 — Formatting status and mode of Layer 0/1

byte D44 — Formatting status flags

bits 7 to 6 bit 5 bits 4 to 0

Layer 0/1 Layer 0/1 Reserved
Formatting status Formatting open

bits 7 to 6:
ZERO ZERO = the related Layer is not formatted/recorded
ZERO ONE = the related Layer has been partially formatted/recorded
ONE ZERO = the related Layer has been fully formatted/recorded by user
ONE ONE = the related Layer has been fully formatted by manufacturer

byte D45 — Verification status flags

bits 7 to 6 bits 5 to 0.

Verification status Reserved

bits 7 to 6:
ZERO ZERO = the related Layer is not verified
ZERO ONE = the related.Layer has been partially verified
ONE ZERO = the related Layer has been fully verified by user
ONE ONE = the.related Layer has been fully verified by manufacturer

bits 5 to 0: reserved

byte D46 — Recording status flags

bit 7 bits 6 to 5 bits 4 to 0
Lead-in / Middle Zone 0/1 & reserved
Lead-out status Outer Drive Area
status

bit 5:
ZERO = the FDCB on the disk reflects the actual status of the felated Layer
ONE = the Formatting process of the drive is active and the'lFDCB on the disk mig
reflect the actual status of the related Layer
bit 4 to 0: reserved

Nt not

bit 7:
for Layer O:
ZERO = Lead-in is recorded from address (02AC80) to address (02FFFF)
ONE = Lead-in is fully recorded

for Layer 1:

ZERO = Lead-out is recorded from address (FD0000) to address (FD537F)
ONE = Lead-out is fully recorded

© ISO/IEC 2007 — All rights reserved
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bits 6 to 5:
for Layer O:
ZERO ZERO = no Middle Zone 0 and Outer Drive Area has been recorded,
ZERO ONE = partial Middle Zone 0 has been recorded adjoining the actual
last sector of the Data Zone on Layer 0 at PSN (end_L0),
ONE ZERO = Middle Zone 0 is recorded from address (22D800) to address
(22EBFF) (see clause 19 and 23.2.1) (for 80 mm disk see Annex A),
ONE ONE = Middle Zone 0 and Outer Drive Area are fully recorded adjoining
the actual last sector of the Data Zone on Layer 0 at (end_L0).
fortayer+
ZERO ZERO = no Middle Zone 1 and Outer Drive Area has been recorded,
ZERO ONE = partial Middle Zone 1 has been recorded adjoining the actual
first sector of the Data Zone on Layer 1 at PSN (end_LO),
ONE ZERO = Middle Zone 1 is recorded from address (DD1400) to address
(DD27FF) (see clause 19 and 23.2.1) (for 80 mm disk see Annex A),
ONE ONE = Middle Zone 1 and Outer Drive Area are fully recorded adjoining
the actual first sector of the Data Zone on Layer 1 at PSN (end_LO).
Hits 4 to 0: reserved
byte D47 — Reserved
set to (00)
Physical Bector 0 / bytes Dyg to Dg4q
In the FDCB for Layer 0 — Last Written Address (LWA)
these 4 bytes shall indicate the last PSN of the last ECC Block of the contiguously recorded part of the D
Zone (continuing on Layer 1 as indicated in Figufe-24, including Dummy Zone data, but not including
Middle Zgne) starting from address (030000)., (There shall be no unrecorded ECC Blocks between addre

(030000)
to (00000
also be sg

In the FD

these 4 b
Zone on L
ECC Blod
unrecorde
has been

Physical

bnd the LWA.) As long as the first ECC Block of the Data Zone is unrecorded, the LWA shall be
D00), indicating that the LWA is .not"(yet) in use. After formatting has been finished, the LWA m
t to (00000000).

CB for Layer 1 — First Backwards-formatted Address (FBA)
ayer 1 (not includihg the Middle Zone) ending at address (FCFFFF). (There shall be no unrecord
ks between the "\FBA and address (FCFFFF).) As long as the last ECC Block of the Data Zong

d, the FBA'shall be set to (00000000), indicating that the FBA is not (yet) in use. After formatti
finished,.the FBA may also be set to (00000000).

Sector 0 / bytes Dg; to Dgg — Last Verified Address (LVA) of Layer 0/1

ta
he
ss
set
ay

ites shall indicate _the first PSN of the first ECC Block of the contiguously recorded part of the Data

ed
is
ng

For Layer 0: these 4 bytes shall indicate the last PSN of the last ECC Block of the contiguously verified part of
the Data Zone on Layer 0 starting from address (030000).

For Layer 1: these 4 bytes shall indicate the last PSN of the last ECC Block of the contiguously verified part of
the Data Zone on Layer 1 starting from address (end_LO).

If not in use the LVA may also be set to (00000000).

74
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Physical Sector 0 / bytes Dgg to Dgg — Bitmap Start Address (BSA)

these 4 bytes shall indicate the first PSN of the first ECC Block represented in the related Formatting bitmap.

For Layer 0 this address shall be > (00030000) and less than the Last Written Address.

For Layer 1 this address shall be = (end_LO).

These bytes shall be set to (00000000) if the related layer is fully Formatted or if the Formatting Bitmap is not
A

u

Pk

v

ysical Sector 0 / bytes Dg( to Dg3 — Bitmap Length (BML)

these 4 bytes shall indicate the number of ECC Blocks represented in the related Formatting bitmap

Fg

Fg

TH

r Layer O the BML shall be = (end_LO +1 - BSA o) / 16.

r Layer 1 the BML shall be > (FBA - BSA[ 1) / 16 and < (FD000O - BSAL_1) 7)16.

ese bytes shall be set to (00000000) if the related layer is fully Forpiatted or if the Formatting Bit

map is not

used.
Physical Sector 0 / bytes Dg4 to Dg5 — Disk ID
these 32 bytes shall be recorded with a random, statistically unique, 256-bit binary number at initiglization of
the¢ disk. Both FDCBs shall contain the same Disk ID number.
Physical Sector 0 / bytes Dgg to D457 — Application dependent
this field shall consist of 32 bytes and is_reserved for use by the application to store informatioh such as
specific copy protection data. If this setting is not specified by the application, the bytes shall be set to (00).
Physical Sector 0 / bytes Dog to D494 — List of DCBs
Tq improve the robustness‘and the time to access the actually valid DCBs, it is recommended to g$tore a list
representing the 16 locations of the Inner Disk Identification Zone with the Content Descriptor of the DCB
contained in each of the€se locations. This list shall be formatted according to Table 13.
Table 13 — Format of the List of DCBs
Rhysical Sector Main Data Descriotion number of
of ECC block byte position P bytes
0 D.og t0 Dqasq Conten’.t Dlescrl_ptor of DCB 4
M 10Calon v
Content Descriptor of DCB

0 D132 10 D135 in location 1 4

0

0 D(128+i><4) to Content Descriptor of DCB 4

D(131+ix4) in location i
0 : :
Content Descriptor of DCB

0 D1gg 1 D11 in location 15 4
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bytes D(12g+ix4) t0 D(131+ix4) — Content Descriptor of DCB in location i

each group of 4 bytes shall represent the Content Descriptor (see 24.1, bytes D to D3) of the DCB in the
specified location in the Inner Disk Identification Zone holding this FDCB.

Location i in the Inner Disk Identification Zone shall be the ECC Block starting with PSN (02EECO0) + ix16.

The List of DCBs shall include both FDCBs themselves. The position of the FDCBs are not restricted to
locations 0 and 1. If not used the List of DCBs shall be set to all (00000000).

Physical Sector 0 / bytes D95 to D5 g47 — Reserved
these bytds are reserved and shall be set to (00)
Physical Sector 1 to 8 / bytes D to D5 g47 — Formatting bitmap

Physical $ectors 1 to 8 of the FDCBs contain a bitmap, where each bit reflects the ¥€cording status of one
ECC block in the related layer. Bit O (the Isb) of Main Data byte D of Sector 1 represents the first ECC blogk,

indicated py the Bitmap Start Address, bit 1 of Main Data byte D of Sector 1 répresents the next ECC blogk,
following the ECC Block indicated by the Bitmap Start Address, etc. All remaining bits in Physical Sectors 1|to
8 following the bitmap shall be set to ZERO.

The ECC plocks in the bitmap are identified by a sequence numbery, where i starts at 0 for the ECC block|at
the Bitmap Start Address. Bit n of Main Data byte D,, of Sector K represents the i " ECC block from the
Bitmap Start Address:

i = [(k-1)xR 048+m]x8+n, where k=1..9, m=0..2047;7n=0..7

Address dof the first Physical Sector of the i ECC blotk = Bitmap Start Address + ix16.

If the bit fepresenting the i " ECC block i§ gét to ONE, then the i " ECC block has not been recorded.
If the bit répresenting the i " ECC block is set to ZERO, then the i ' ECC block has been recorded.

Physical Bector 9 to 15/ bytes D.to D5 47 — Reserved

all bytes ip these sectors shalkbeé set to (00)
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The Inner Disk Identification Zone may optionally contain a DCB reflecting the write protect status of the disk.
This WDCB shall have the content as defined in Table 14.

Table 14 — Format of the WDCB

Pk

th
a

Physical Sector Main Data Description number of
of ECC block byte position bytes
& By to b3y €ontent-Bescriptor
0 Dy to Dy Unknown Content Descriptor Actions 4
0 Dg to D3g Drive ID 3p
0 Dyg to Dys3 WDCB update count 4
0 Dygg4 to Dy7 Write protect Actions 4
0 Dyg to Dg3 Reserved and set to (00) 16
0 Dg4 to Dgs WDCB Password 3P
0 Dgg to Do 947 Reserved and settg (00) 1962
1to 15 Do to Dy g47 Reserved andset to (00) 15x2/048

ysical Sector 0 / bytes Dy to D3 — Content Descriptor

se bytes identify the Write inhibit DCB and shall be-set to (57444300), representing the charactg¢rs “WDC”

the version number 0.

Physical Sector 0 / bytes D4 to D7 — Unknown Content Descriptor Actions

shall be set to (0000000F) indicating. that if this DCB is not known to the system, the DCB shall not be
overwritten, the disk shall not be reformatted, writing to the Data Zone shall not be allowed, and tjansferring

th

Pk

DCB information from the drive tothe host computer shall not be allowed.

ysical Sector 0 / bytes Dg.to D39 — Drive ID

these bytes shall contain'the drive ID as specified in 24.1.

Pk

ysical Sector.0 / bytes Dy to D43 — WDCB update count

th¢se bytes shall specify the total number of update operations of the WDCB. This field shall[be set to
D000QO0) during the creation of the WDCB, and shall be incremented by one each time the |WDCB is

©
re

written.

Physical Sector 0 / byte D4 to D47 — Write protect Actions

These bits are provided to specify allowed and required actions. These bytes form a field consisting of 32
individual bits.

Bits b31 to b8

©l

Reserved

These bits shall be set to all ZERO.
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Bit by

Write protect Change

if set to ZERO, the Write protect Status bits bg to by may be modified,

if set to ONE and the password received from the host is the same as the WDCB Password

in this DCB, the Write protect Status bits bg to by may be modified,

if set to ONE and the password received from the host is the different from the WDCB

Password in this DCB, the Write protect Status bits bg to by shall not be modified.

Bits bg to

Bits b1 , b(

NOTE

Manageme
located in

System can stay enabled.

Physical
these byte

Physical

These bytes shall contain asuser defined password consisting of up to 32 characters from the GO sef

SPACE a

If all byteg
be set to 4

If the WL

Do Reserved

These bits shall be set to all ZERO.
Write protect Status

if set to ONE/ONE recording in any area on the disk shall not be allewed,

if set to ONE/ZERO recording in the actual User Data Area.defined by an applied Def¢
Management System shall not be allowed,

The “User Data Area” is the part of the Data Zone meant for storing the User Data in case a Def|
nt System is applied. This means that possible Sparing and Takle Areas of a Defect Management Syst
he Data Zone of the disk can be excluded from the write inhibition, in which case the Defect Managem

if set to ZERO/ONE recording in the Data Zone on the disk (all of the area between the e
of the Lead-in Zone and the start of the Lead-out Zone) shall not be allowed,

if set to ZERO/ZERO recording in all areas on the disk is allowed.
Sector 0 / bytes Dyg to Dg3 — Reserved

s are reserved and shall be set.to+(00)

Sector 0 / byte Dg4 to Dg5— WDCB Password

tcording to ISO/IEC)4873. Trailing bytes not used shall be set to (00).

of the WDCB' Password field are set to (00), then all 32 bits of the Write protect Actions field sh
'ERO.

CB“Password field is set to all (FF), then the disk is permanently write protected and furth

recording

bct

ect
Pm
PNt

nd

all

er

on’the disk shall not be allowed. Bits b,, b, and b, of the Write protect Actions field shall be set

to

ONE.

Physical Sector 0 / bytes Dgg to D5 47 — Reserved

these bytes are reserved and shall be set to (00)

Physical Sector 1 to 15/ bytes Dy to D5 47 — Reserved

all bytes in these sectors shall be set to (00)

78

© ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

Section 5 — Characteristics of the groove

25 General

All recordings shall occur only in grooved areas. The groove centreline is deviated from the average track
centreline with a phase modulated sinewave. Physical addressing information can be decoded from this
phase modulated wobble.

The format of the groove information on the disk is defined in 14.4. Clause 27 specifies the requirements for
the signals from grooves, as obtained when using the Reference Drive as defined in clause 9.

26 Method of testing

26.1 Environment

All signals in clause 27 shall be within their specified ranges with the disk in'the test environment |conditions
defined in 8.1.1.

26.2 Reference Drive

All signals specified in clause 27 shall be measured in the jndicated channels of the Referencg Drive as
defined in clause 9. The drive shall have the following characteristics for the purpose of these tests.

26.2.1 Optics and mechanics

THe focused optical beam shall have the propertiesidefined in 9.2 a) to i). The disk shall rotate as specified in
9.5.

26.2.2 Read power

THe optical power incident on the read-out surface of the disk (used for reading the informatior]) shall be
1,2 mW + 0,1 mW.

26.2.3 Read channels

THe drive shall have two’read channels. Read Channel 1 gives a signal (/1 + I,) related to the total amount of
light in the exit pupil-of the objective lens. Read Channel 2 gives a signal (/, - ;) related to the diiference in

th¢ amount of\dight in the two halves of the exit pupil of the objective lens. These channels can be
implemented-as given in clause 9.

Fgr measurement of the push-pull and track cross signals, the read channel signals shall be filfered by a
15} otder LPF with a f,(-3 dB) of 30 kHz.

For measurement of the wobble signal, the read channel signals shall be filtered by a 18t order Band Pass

Filter with frequency range (-3 dB): 25 kHz, slope +20 dB/decade to 4,0 MHz, slope —20 dB/decade.

26.2.4 Tracking

During the measurement of the signals, the axial tracking error between the focus of the optical beam and the
recording layer shall not exceed 0,20 um,

and the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed
0,022 um
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26.3 Definition of signals

All signals are linearly related to currents through a photo detector, and are therefore linearly related to the
optical power falling on the detector.

0 level

radial’position

on land on groove
Figure 37 — Signals from grooves in the Read Channels/when crossing the tracks

Push-pull signal

The pushqpull signal is the filtered sinusoidal difference signal (/4 - /o) in Read Channel 2, when the focus|of
the optical beam crosses the tracks. The signal can beuséd by the drive for radial tracking.

Track crodss signal

The track|cross signal is the filtered sinusoidaksum signal (/4 + I5) in Read Channel 1, when the focus of the
optical beam crosses the tracks.

Wobble sfgnal

The wobblle signal ky is the filtered sinusoidal difference signal (/1 - I) in Read Channel 2, while the drive
meets thelminimum tracking requirement.

27 Characteristics of the groove signals

27.1 Phasedepth

The phasedepthrof the groove shattmotexceed 90
27.2 Push-pull signal

The peak-to-peak value of the push-pull signal PP shall meet the following requirements:

(11_I2)pp

a) on both layers before recording: 0,28 <
l(l1 + IZ)max + (,1 +12)minJ/2

<0,56
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The max variation of the push-pull signal within one layer before recording

PPmax_PPmin <015
PPmax+PPmin

(,1 - I2 )pp

b) on both layers after recording: 0,28 <
|.(I1 + IZ)max + (I1 +12)minJ/2

<0,56

shall be:

c) Ratio of push-pull signal of unrecorded groove to push-pull signal of recorded groove within one layer

27

TH

27
Th
dig
aoc
Th
th
th

TH

At
w(

27

TH
m

P,
Shall be In e range ol.U,/os — S 1,40

.3 Track Cross signal

e Track Cross signal for the unrecorded disk is not specified.

.4 Normalized wobble signal

e deviation from the track centreline shall be measured by the normalized wobble signal. The
tance that the centre of the wobble groove deviates from the average track centreline can be

cording to Annex L.

e wobble signal shall be measured in an empty track during the monotone wobble part, at locati
amplitude is not enhanced due to the positive interference of the wobble from adjacent tracks
other layer is unrecorded.

e normalized wobble signal shall be

0,20 < w.pp-min 030
(1 - 2)pp

locations where the amplitude of the wobble signal is enhanced due to the positive interfere
bble from adjacent tracks, the maximum wobble signal shall be

IW,pp-max <26
IW,pp-min

.5 Characteristics of the wobble

e average Narrow band SNR of the wobble signal before recording shall be greater than 45
basurement shall be made using a resolution bandwidth of 1 kHz. At the location of the measur

other layershall be unrecorded.

Th

amount of
calculated

bns where
hnd where

hce of the

dB. The
ement the
dB. The

measurement shall be made using a resolution bandW|dth of 1 kHz. At the location of the measurement the
other layer shall be recorded.
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Section 6 — Characteristics of the recording layer

28 Method of testing

The format of the information on the disk is defined in clause 13. Clause 29 specifies the requirements for the
signals from recorded marks, as obtained when using the Reference Drive as defined in clause 9.

This clause specifies the average quality of the rewritable information. Local deviations from the specified
values, called defects, can cause tracking errors or errors in the Data fields. These errors are covered by
Clause 31 and Section 7.

28.1 Enyironment

All signal$ in 29.2.2 to 29.2.5 shall be within their specified ranges with the disk in the test environment
conditiond defined in 8.1.1.

28.2 Refierence Drive

All signald specified in 29.2.2 to 29.2.5 shall be measured in the indicated channgls of the Reference Drive jas
defined in|clause 9. The drive shall have the following characteristics for the purpose of these tests.

28.2.1 Optics and mechanics

The focused optical beam shall have the properties defined in 9.2.a)to i). The disk shall rotate as specified in

9.5.

28.2.2 Rdad power

The optic@l power incident on the read-out surface~of the disk (used for reading the information) shall pe
1,2 mW £(0,1 mW.

28.2.3 Rdad channels

The drive shall have two read channégls) *Read Channel 1 gives a signal (/4 + Io) related to the total amount] of

light in the exit pupil of the objective‘lens. Read Channel 2 gives a signal (/4 - I5) related to the difference]in

the amount of light in the two-halves of the exit pupil of the objective lens. These channels can pe
implemented as given in clause 9.

For measprement of the~push-pull and track cross signals, the read channel signals shall be filtered by a
18t order ILPF with & f.(-3 dB) of 30 kHz.

The signgl from Read channel 1 is not equalized except when measuring jitter. The threshold level for
binarizing|thé)read signal shall be controlled to minimize the effects of mark and space size changes due|to
parameter variations during writing. Jitter measurements shall be made using the Read Channel 1with the
characteristics in Annex E.

28.2.4 Tracking

During recording and during the measurement of the signals, the axial tracking error between the focus of the
optical beam and the recording layer shall not exceed 0,20 um,

and the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed

0,022 um when running at the Reference velocity and shall not exceed 0,045 um when running at a higher
velocity.
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NOTE At high recording or playback velocities, advanced servo systems might be needed to achieve tracking errors
below these maximum values.

28.2.5 Scanning velocity

All write tests are performed at each of the recording velocities defined in 14.4.2. The tests shall be performed
with the related write strategy.

All read tests are performed at the Reference velocity.

28.3 Write conditions

Marks and spaces are written on the disk by pulsing a laser.

28.3.1 Write pulse waveform

THe laser power is modulated according to one of the write pulse waveform given’in Annex G.
A BT to 14T is written by applying a multiple-pulse train of write pulses.

THe recording power has three levels: the Write power (Pw), the Erase“power (Pe), and the Cooling power
(PE), which are the optical powers incident at the entrance surface, of\the disk and used for writing fnarks and

spaces. The values of these power levels shall be optimized accerding to Annex I.

THe actual recording powers, Pw, Pe, and Pc shall be within:5.% of their optimum values.

28.3.2 Write power
THe optimized recording powers, Pwo, Peo and.Rco'shall meet the following conditions

on Layer 0 at 2,4x recording speed for the N-1 strategy as defined in 14.4.2.2:
20,0 mW < Pwo < 45,0 mW
4,0 mW < Peo <22,0 mW
0,1 mW < Pco < 0,7 mW

on Layer 1 at 2,4x recording speed for the N/2 strategy as defined in 14.4.2.3.1:

20,0 mW <Pwo < 45,0 mW
4,0 mW)sPeo < 22,0 mW
0,YmW < Pco <0,7 mW

28.3.3 Write power shift for layer L1 due to recording on layer LO

Depending on the recorded/unrecorded status of Tayer LO, the optimum write power for Tayer LT might exhibit
some difference. This difference shall fulfil the following requirement:

Pw
onL1,unrecL0O <1,05

0,95<
PWonL1,recLo

28.4 Measurement conditions
The test for jitter shall be carried out on any group of five adjacent tracks, designated (m-2), (m-1), m, (m+1),

(m+2), in the Information Zone of the disk. The jitter shall be measured on recordings made at all velocities
specified in 14.4.2.2, byte 32, and in the Extended Information blocks defined under 14.4.2.3.
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For measurement of jitter the system described in Annex E shall be used.
The Jitter shall be measured according to the following procedure:
Write random data on all five tracks 10 times each as specified in 28.3.1.

Read the data of track m under the conditions specified in 28.2.

29 Characteristics of the recorded signals

The foIIoinng signals shall be measured, after recording with the write conditions as specified in 28.3.1.

29.1 Channel bit length
The averdge Channel bit length over each RUN shall be

146, nm = 1,4 nm

29.2 Defiinition of signals

All signalq are linearly related to currents through a photo-diode detector,<and are therefore linearly related|to
the optical| power falling on the detector.

29.2.1 High frequency signals (HF)

The HF signal is obtained by summing the currents of the fourelements of the photo detector as generated| in
Read Chgnnel 1. These currents are modulated by the effects of the marks and spaces representing the
information on the recording layer.

CNONESONISISA,
VaAYaVaVaVaVaVaAVaVA

\ LR
BRI

%

) \/ /'/" \/
NOOROEOOLOEE 1

d Level

Figure 38 — Signals from spaces and marks in Read channel 1

29.2.2 Modulated amplitude

The modulated amplitude /,, is the peak-to-peak value of the HF signal generated by the largest mark and
space lengths (see Figure 38). The peak value I, shall be the peak value of the HF signal before a.c.
coupling. The modulated amplitude /5 is the peak-to-peak value generated by the shortest mark and space
lengths. The 0 Level is the signal level obtained from the measuring device when no disk is inserted. These
parameters shall meet the following requirements under all conditions, also such as a different number of
overwrites, and when recordings have been made at different speeds.
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’1y > 0,48
l14n
’3/ >0,15

ha

Within one layer, (h4rmax _114Hm"y <0,25
14Hmax
Withirrome-revottion— (e "““M‘“)/ <645
14Hmax

29.2.3 Signal asymmetry

lian +har  lagiHlag

THe signal asymmetry shall meet the following requirement: —0,05 < 2 ] 2 <+0/1
14

Ot

29.2.4 Normalized Slicing Level jump

Bgtween any 2 consecutive ECC Blocks, the Normalized Slicing L.evel (NSL) jump shall be:

|(/3H,2 tl32)- (ISH,1 +/3L,1)|
U312~ faL2)+ (a1~ o, 1)

<0,50,

where I3 1 and I3 4 are the /3 levels just before the linking position
and I3, and I3 , are the /5 levels justafter the linking position.

THis requirement shall be fulfilled also after a different number of overwrites for the 2 ECC Blo¢ks (up to
500 DOW cycles).

29.2.5 Jitter
Jitter is the standard deviation”c of the time variations of the binary read signal. This binary read signal is
cre¢ated by a slicer, after/feeding the HF signal from the HF read channel through an equalizer and LPF (see

Arnex E). The jitter ofdtheleading and trailing edges is measured relative to the PLL clock and normalized by
thé Channel bit clock-period.

THe jitter shall be-measured at the Reference velocity using the circuit specified in Annex E.
THe jitter measurement shall be using the conditions specified in 28.4.

THe measured jitter shall not exceed 9,0 %.

29.2.5.1 Overwrite stability

The following test shall be applied to verify the stability of the overwrite capabilities of the disk after some
storage time. For this purpose a band of at least 5 tracks shall be (over)written 10 times, at a velocity of 2,4x,
with nominal recording powers and the write strategy parameters set to the values as defined in 14.4.2.2 or
14.4.2.3.1. Next the disk has to be stored at 55 °C + 2 °C for 24 hours.

After 24 hours the original recorded tracks shall be overwritten once and the jitter is measured (jitter;,4).

A new, empty area of the disk, close to the original recording, shall be (over)written 11 times and also here the
jitter is measured (jittery4).
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The difference in the measured jitter values shall be defined as Ajitter2 = jitter120+1 —jitter121 ,

where: Ajitter < 6,0 %.

Additionally the number of Pl errors over any 8 consecutive ECC Blocks shall not exceed 280 (see 31.2).

29.3 Read stability

When reading at a play-back speed of n x the reference velocity with a read power of {0,8 + 0,5x \/ﬁ} mW (n>1)

at a temp
1 000 000

NOTE

brature of 55 °C, all parameters specified in 29.2.2 to 29.2.5 shall be within their specified ranges
repeated reads.

When reading at higher play-back speeds, the signal-to-noise ratios in drives can be improved) by apply

higher read powers. In case of (partial) CAV operation care should be taken to set sufficiently low read powers wh

jumping to
jumping in

Reading wi

30 Add

Recorded
signal spe

vards inner diameters (although the rotational speed will stay the same, the linear speed will-decrease wH
ards).

th the 1x read power at lower speeds than the reference velocity might degrade the.read stability

Tmax read power (mW)

QO
Safe operatirﬁ%a:

Prea < 0,8 £.0:5xn

nominal read power fors\’té‘s%ng:
1T+ 712£01mW @ 1X$eed

¥
. xO _linear velocity (X)
12 4 8 12 16

Figure 39 — Safe operating area when reading at higher speeds

tional testing conditions

cifications when measured with the Pick Up Head according to ISO/IEC 16448.

30.1 Tedt environment

+RW disks compliant with this +RW DL International Standard shall also fulfil the following bagi

after

ng
en
en

w
o

All conditi

pnsS are the same as in 28.1 to 28.2.5 except for the following.

30.1.1 Optics

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

a) Wavelength (M) 650 nm + 5 nm

b) Numerical aperture of the objective lens (NA) 0,60 + 0,01

c) The objective lens shall be compensated for spherical aberrations caused by a parallel substrate with
nominal thickness (0,6 mm) and nominal refractive index (1,55).
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d) Wave front aberration

e) Lightintensity at the rim of the pupil of the
objective lens direction and over

f)  Polarization of the light

g) Normalized detector size

ISO/IEC 29642:2007(E)

0,033 x A rms max.

60 % to 70 % of the maximum intensity in the radial
90 % in the tangential direction.

Circular

100 um? < S/ M? < 144 pm?

where S is the total surface of the quadrant photo
detector

h)] Read power

i) | Relative Intensity Noise (RIN)* of laser diode

3Q.2 Definition of signals

FQr the definition of the following signals see 29.2 and the underlying subéclauses.

30.2.1 Modulated amplitude

’1y > 0,48
l1an

I3/ 5015
l4

Within one layer, (Hatmax - I14Hmiry
l14Hmax

*RIN (dB/Hz) = 10 log [(a.c. light power density / Hz) / d.c. light power]

< 0,33 (with PBS)

< 0,20 (without PBS)

1,2mW + 0,1 mW

-134 dB/Hz max.

Within one layer, (havmax - I14Hmiry
14Hmax

Within one revolution, (f14Hmax — ’14Hmin)/ < 0,15 (with PBS)

I14Hmax

Within one reveation, (14Hmax — ’14Hmin)/ < 0,10 (without PBS)

I14Hmax

30.2.1.1 ReflectancexModulation product

THe Reéflectance of the disk (see 12.3) multiplied by the Modulation (= normalized /14 modulated

amplitude)

shall be RxM = Rygpy < T2 RXM > 0,029

lan’
At the measurement location both layers shall be recorded.

30.2.2 Signal asymmetry

liay +har 3y +l3p

~005< 2 2 <4015
h4
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30.2.3 Jitter
The jitter shall be measured at the Reference velocity using the circuit specified in Annex E.
The jitter measurement shall be using the conditions specified in 28.4.

The measured jitter shall not exceed 9,0 %.

30.2.4 Track Cross signal

(I’I + I2 )p

P_>010

The Track Cross signal (see 26.3) shall meet the following requirement:
(l1 + Z)max

30.2.5 Differential phase tracking error signal

The outpyt currents of the four quadrants of the split photo detector shown in Figure-40Vvare identified |by
Ia, /b, IC' and ld'

/a i Light beam
ayl .
NI

Tangential direction

Id /c

97-0047-A

Figure 40 — Quadrant photo detector

The differgntial phase tracking error signal shall be derived from the phase differences between the sum of the
currents of diagonal pairs of photo detector glements when the light beam crosses the tracks:

{Phase (/}*+/.) - Phase(/,+14)} , see Figure41 and Annex F.
The phasg¢ difference signals shall be’low-pass filtered with (-3 dB) of 30 kHz.

This differential phase tracking error signal shall meet the following requirements (see Figure 41):

Amplitud

average time difference derived from the phase differences between the sum of the currents of diagonal pdirs

At the positive .0°Ctossing A//T shall be in the range 0,5 to 1,1 at 0,10 pum radial offset, where At is Je
of photo detector elements, and T is the Channel bit clock period.

Asymmetry (see Figure 41)

T -T
The asymmetry shall meet the following requirement: Hg 0,20,
1+ 12

where T is the positive peak value of E/T and T, is the negative peak value of E/T
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0 Level

e

_Radial spot displacement
___Tp: Track pitch

Figure 41 — Differential phase tracking error signal

30.2.6 Tangential push-pull signal

This signal shall be derived from the instantaneous level of the differential output. (k,+/4) - (lp*/)- It phall meet
the following requirements, see Figure 42:

0< [0 +14)- Gy +IC)]pp <09

l14

Figure 42 — Tangential push-pull signal

31 Quality ofthe recording layer

Fdr the integrity of the data on the disk, the recording layer shall fulfil the following initial quality requ{rements.

31.1 Defects

Defectsare alr bubbies and bfack Spots. Thelr diameter shail meet the folflowing requirements:

- for air bubbles it shall not exceed 100 um,

- for black spots causing birefringence it shall not exceed 200 pm,

- for black spots not causing birefringence it shall not exceed 300 um.

In addition, over a distance of 80 mm in scanning direction of tracks, the following requirements shall be met:
- the total length of defects larger than 30 pm shall not exceed 300 um,

- there shall be at most 6 such defects.
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31.2 Dat

a errors

A byte error occurs when one or more bits in a byte have a wrong value, as compared to their original
recorded value.

A row of a

If a row o

n ECC Block as defined in 13.3 that has at least 1 byte in error constitutes a Pl error.

f an ECC Block as defined in 13.3 contains more than 5 erroneous bytes, the row is said to be

“Pl-uncorrectable”.

The disk
Lead-in Z

During pld

following fequirements:

- inany

- inany

he

bne until the end of the Lead out Zone (“Disk-At-Once” mode).

yback after the initial recording, the errors as detected by the error correction system shall meet the

8 consecutive ECC Blocks the total number of Pl errors before correction shall not,éxceed 280,

ECC Block the number of Pl-uncorrectable rows should not exceed 4.
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Section 7 — Characteristics of user data

32 Method of testing

Clause 31 describes a series of measurements to test conformance of the user data on the disk with this
International Standard. It checks the legibility of the user-written data. The data is assumed to be arbitrary.
The data may have been written by any drive in any operating environment (see 8.1.2). The read tests shall
be performed on the Reference Drive as defined in clause 9.

Whereas clause 29 disregards defects, clause 33 includes them as an unavoidable deterioration, df the read
signals. The severity of a defect is determined by the correctability of the ensuing errors by the errof detection
and correction circuit in the read channel defined below. The requirements in clause 33 define g minimum
quality of the data, necessary for data interchange.

32.1 Environment
All signals in 33.1 to 33.2 shall be within their specified ranges with the disk in.any environment in the range of

allpwed operating environments defined in 8.1.2. It is recommended that before testing, the entrang¢e surface
of the disk shall be cleaned according to the instructions of the manufacturerof the disk.

33.2 Reference Drive

All signals specified in clause 33 shall be measured in the ‘indicated channels of the Reference Drive as
defined in clause 9. The drive shall have the following charaeteristics for the purpose of these tests:

32.2.1 Optics and mechanics

THe focused optical beam shall have the propefties already defined in 9.2 a) to i). The disk shall rotate as
specified in 9.5.

32.2.2 Read power

THe optical power incident on the’ entrance surface of the disk (used for reading the informatior]) shall be
1,2 mW + 0,1 mW.

32.2.3 Read channels

THe drive shall havetwo read channels. Read Channel 1 gives a signal (/4 + /o) related to the total amount of

light in the exitupil of the objective lens. Read Channel 2 gives a signal (/1 - ) related to the difference in
thé¢ amouni~of light in the two halves of the exit pupil of the objective lens. These channels can be

binarizing

' o-parameter
variations during wr|t|ng For measurement of the dISk quality as speC|f|ed in clause 33, the equallzer filter
and slicer, and the characteristics of the PLL shall be the same as specified in Annex E for the jitter
measurement.

32.2.4 Error correction

Correction of errors in the data bytes shall be carried out by an error detection and correction system based
on the definition in 13.3.
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32.2.5 Tracking

During the measurement of the signals, the axial tracking error between the focus of the optical beam and the
recording layer shall not exceed 0,20 um,

and the radial tracking error between the focus of the optical beam and the centre of a track shall not exceed
0,022 um

33 Minimum quality of a Recording Unit

This clauge specifies the minimum quality of the data of a Recording Unit as required for data interchange.
The quality shall be measured on the Reference Drive as defined in clause 9 and Annex E.

A byte errpr occurs when one or more bits in a byte have a wrong value, as detected by the ECC*and/or EIDC
circuits.

33.1 Tragking

The focus|of the optical beam shall not jump tracks unintentionally.

33.2 User-written data

The user-written data in a Recording Unit as read in Read channel 1 shall not contain any byte errors tIat
cannot be|corrected by the error correction defined in 13.3. To relieve'this requirement, a defect management
system cgn be used, which autonomously replaces unreliable Recording Units (see clause 3).
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Annex A
(normative)

80 mm +RW DL disk

The +RW DL Format also allows an 80 mm disk with capacities of 1,46 Gbytes and 2,92 Gbytes. All
mechanical, physical and optical characteristics shall be equal to those of the 120 mm disks specified in this
dgcument, except for the following items:

see: 10.2 Overall dimensions
The disk shall have an overall diameter d4 = 80,00 mm + 0,30 mm
see: 10.7 Information Zone

The Information Zone shall extend over both recording layers_between diametger dg and
diameter

d7 =77,5 mm min.
see: 10.7.1 Sub-division of the Information Zone

The end of the Data Zone on Layer 0 and theb€ginning of the Data Zone on Layer 1
shall be located at diameter

dg = 76,00 mm max,
which is the beginning/end of the Middle Zones.
see: 11.1 Mass
The mass of the disk shall be~in the range of 6,0 g to 9,0 g.
see: 11.2 Moment of inertia

The moment of inertia* of the disk, relative to its rotation axis, shall not excged 0,010
g-m<.

see: 11.3 Dynamicimbalance

The dynamic imbalance of the disk, relative to its rotation axis, shall not exceed 1,5
g-mm.

see: 144~Track shape

The tracks shall be continuous in the Information Zone.
The groove tracks shall start at a radius of 22,00 mm max. and end at a radiug of 38,75
mm min.

see: 14.4.1.1 ADIP word structure, bits 2 to 23

Dhycir‘nl ADIP Address ((\’2’-1A7|:)7 which is the last address r\nrrnepnnr‘ling tol the Data
Zone on Layer 0, shall be located at radius 38,00 mm max

Physical ADIP Address (FCC580), which is the first address corresponding to the Data
Zone on Layer 1, shall be located at radius 38,00 mm max

see: 14.4.2.1 General information - Bytes 0 to 31
Byte 1 — Disk size and maximum transfer rate

Bits by to by shall specify the disk size, they shall be set to 0001, indicating a 80 mm
disk
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Bytes 4 to 15 — Data Zone allocation

Bytes 13 to 15 shall be set to (0CE9FF) to specify PSN 846 335 as the last possible

Physical Sector of the Data Zone on Layer 0.

see: 16 Layout of the Information Zone

Table 6 — Layout of Layer 0 of a fully formatted disk

Description Nominal radius PSN of the Number of
in mm first Physical Physical
l Sector Sectors
< Lead-in |all the same as 120 mm disk --- - -
-g Data |Data Zone start 24,000 mm (030000) 649 728'max
1)
o
= Buffer Zone 3 start 38,000 mm (OCEAO00) max 768
S Middle (at full capacity)
()]
£ Zone 0 [Reserved Zone 4 (0OCEDOQ) max 256
x
S Guard Zone 2 (0OCEEO00). max 4 096 min
L
~ Reserved Zone 5 start 38,090 mm (OCFEOQ0) 4 096
l gl:itve; Outer Disk Test Zone start 38,162 mm (ODOEO0O) 8 192
Area |Guard Zone 3 start 38,305 mm (OD2E00) 11 216
end > 38,500 nominal
Table 7 — Layout of Layer 1 of a fully formatted disk
Description Nominal radius PSN of the Number of
inmm first Physical Physical
T Sector Sectors
< Lead-out [all the same as 120 mm disk --- (FD0000) ---
-g Data |Data Zone end 24,000 mm | (F31600) min | 649 728 max
1)
£ Buffer Zone 3 end 38,000 mm . 768
LS Middle (at full capacity) | (F31300) min
_E’ Zone 1 [Reserved Zone 4 (F31200) min 256
x
S Guard Zone-2 (F30200) 4 096 min
L
~ Reserved-Zone 5 end 38,090 mm (F2F200) 4 096
T g‘r‘it,e; OuterDigk Test Zone end 38,162 mm | (F2D200) 8 192
Area |Guard Zone 3 end 38,305 mm 11 216
start > 38,500 -- nominal
see! 17.10.1 Physical format information

Bytes 4 to 15 — Data Zone allocation

Bytes 13 to 15 shall specify the maximum possible Physical Sector Number of the
Data Zone on Layer 0 (this PSN represents the location of the layer
jump, see 16.1). This value shall be < (OCE9FF)

see: 18 Data Zone
Two times 649 728 Physical Sectors for the storage of user data.

The start radius of the Data Zone on Layer 0 and Layer 1 is determined by the location
of Physical ADIP Address (00C000) and (FCC580) respectively and the
maximum/minimum end radius is determined by the location of Physical ADIP Address
(033A80) and (FF4000) respectively (see 14.4.1.1, bit 2 to 23 and 13.7.1).
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see: 19 Middle Zones

Physical Sector 846 335 max
Physical Sector 846 336 max

Physical Sector 847 103 max
Physical Sector 847 104 max

Physical Sector 847 359 max
Physical Sector 847 360 max

Data Zone on Layer 0

Buffer Zone 3
768 Physical Sectors
with Main Data set to (00)

Reserved Zone 4
256 Physical Sectors
with Main Data set to (00)

Guard Zone 2

ISO/IEC 29642:2007(E)

Physical Sector (0CE9FF) max
Physical Sector (0CEA00) max

Physical Sector (0CECFF) max
Physical Sector (0CED0O) max

Physical Sector (OCEDFF) max
Physical Sector (OCEEQQ) max

Physical Sector 851 455
Physical Sector 851 456

Figure 28 — Middle Zone on Layer 0

Physical Sector 15 925 759
Physical Sector 15 925 760

Physical Sector 15 929 855 min
Physical Sector 15 929 856 min

Physical Sector 15930 111 min
Physical Sector 15 930 112 min

Physical Sector 15 930 879 min
Physical Sector 15 930 880 min

Figure 29 — Middle Zone on Layer 1

see: 19.1 Buffer Zone 3

The outermost passible start location of Buffer Zone 3 is (OCEAO0Q) on Layer 0 and

on Layer.

see:19.3 ‘Guard Zones 2

If the full)Storage capacity (649 728 sectors) of the disk is used, these zones shall

096_Physical Sectors.

ifronly 649 728 — n sectors of the Data Zone on each layer are used (see Figure 30),
while n < 6 144, both Guard Zones 2 shall contain 4 096 + n Physical Sectors (n

min 4 096 Physical Sectors
with Main Data set to (00)

Outer Drive Area

Outer Drive Area

Guard Zone 2
min 4 096 Physical Sectors
with Main Data set to (00)

Reserved Zone 4
256 Physical Sectors
with Main Data set'to (00)

BufferZéhe 3
768 Physical Sectors
with Main:Data set to (00)

Data Zone on Layer 1

between Guard Zone 2 and the Outer Drive Area);

if n > 6 144, both Guard Zones 2 shall contain at least 10 240 Physical Sectors.

Physical Sector (0CFDEF)
Physical Sector (0CFEBQ)

Physical Sector (F301FF)
Physical Sector (F30200)

Physical Sector (F311FF) mlin
Physical Sector (F31200) mjn

Physical Sector (F312FF) mlin
Physical Sector (F31300) mjn

Physical Sector (F315FF) mlin
Physical Sector (F31600) mjn

the Reserved Zone 4 (on each layer a gap between Guard Zone 2 and the Outer Drive

Area is allowed).

b gap

(F31300)

contain 4

pdjoining

In the latter case (n > 6 144), the Guard Zones 2 can be extended with Physical Sectors filled
with Main Data set to (00) to fill up the gap up to a certain radius or up to the Outer Drive
Area, or this gap can be left unrecorded. The choice for these options is left to the drive

manufacturer.
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96

see: 20 Outer Drive Areas

Physical Sector 2 288 640

Physical Sector 2 292 735
Physical Sector 2 292 736

Physical Sector 2 305 023

Guard Zone 2
with Main Data set to (00)

(gap)

Reserved Zone 5
4 096 Physical Sectors
with Main Data set to (00)

Outer Disk Test Zone
8 192 Physical Sectors

Physical Sector (22ECO00)

Physical Sector (22FBFF)
Physical Sector (22FCO00)

Physical Sector (232BFF)

Physical Sector 2 305 024

Figure 31 — Outer Drive Area on Layer 0

Physical Sector 14 472 191
Physical Sector 14 472 192

Physical Sector 14 484 479
Physical Sector 14 484 480

Physical Sector 14 488 575

Guard Zone 3
nominal 11 216 Physical
Sectors
with Main Data set to (00)

Guard Zone 3
nominal 11 216 Physical
Sectors
with Main Data set to (00)

Outer Disk Test Zone
8 192 Physical Segctors

Reserved Zone'5
4 096 Physical-Sectors
with Main Data set to (00)

(gap)
Guard Zone 2
with(Main Data set to (00)

Figure 32 —'Quter Drive Area on Layer 1

see: 20.2 Outer Disk Test.:Zone

Physical Sector (232C00)

RPhysical Sector (DCD3FF)
Physical Sector (DCD400)

Physical Sector (DDO3FF)
Physical Sector (DD0400)

Physical Sector (DD13FF)

8 192 Physical Sectorsreserved for drive testing and OPC algorithm (see Annex [). This
Zone shall be filled with Main Data set to (00).

see: 23.3 Sequential recording

Table 9

of the Data Zone
(end radius)

Length of the Recorded part

Zone
(radius)

End of the Temporary Lead-out

less than 34,0 mm

35,0 mm min

34,0 mm to 37,5 mm

end radius Data Zone + 1,0 mm min.

37,5 to 38,0 mm

38,5 mm

It is allowed to have an unrecorded area between the end of the Dummy Zone and
Buffer Zone 3 located at radius 38 mm.
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see: 24.2 Format of the FDCB
Byte D46 — Recording status flag

bits 6 to 5:

for Layer O:

ZERO ZERO =No Middle Zone 0 and Outer Drive Area has been recorded

ZERO ONE =Temporary Middle Zone 0 has been recorded

ONE ZERO =Middle Zone 0 is recorded from address (OCEAOQO0) to address
(OCFDFF) (see clause 19 and 23.2.1)

ONE ONE =Middle Zone 0 and Outer Drive Area are fully recorded adjoining
tilﬂ abtuoﬁ idbt DthUI Uf t;lc Dqta ZUIIU Ul Laycl G dt

PSN (end_LO).

for Layer 1:
ZERO ZERO =No Middle Zone 1 and Outer Drive Area has’been redorded
ZERO ONE =Temporary Middle Zone 1 has been recorded
ONE ZERO =Middle Zone 1 is recorded from address-(F30200) to address

(F315FF) (see clause 19 and 23.2.1)
ONE ONE =Middle Zone 1 and Outer Drive Aréa-are fully recorded adjoining

the actual first sector of the Data*Z6ne on Layer 1 at

PSN (end_L0).
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Annex B
(normative)

Structure for Extended format information in the Data Zone

The ADIP Aux Frames in the Data Zone may be used to store information needed to support specific
application h ncryption ryption k n for -protection tem. This annex

specifies

B.1 Ext

The Exter]
contain ag
in the Ext
14.4.1.1)

of the Ext
present a
block of a
(regions s

Figure B.1
TOC and
TOC cons
TOC infor
value, as
as specifi
the gaps s

e general structure for such information.

pnded format information

ded Format Information consists of a table of contents (EFI TOC) and up to 16 distinct regions t

pnded Format Information shall be located in the ADIP Aux Frames in .the Data Zone and/or shall

particular type, as indicated in the EFI TOC. Each region shall be'‘contained in one recording lay
hall not cross the layer jump).

schematically shows an example lay-out, based on the VCPS copy-protection system, with the H

the VCPS-defined regions that are contained in the ABIP Aux Frames in the Data Zone. The H
ists of 8 consecutive copies of an ETOC block, wheréZeach ETOC block contains the complete H
mation (see B.1.1). The VCPS-defined hash regioh contains one or more copies of the DKB h3
specified in the EFI TOC. The VCPS-defined DKB region contains one or more copies of the DK
bd in the EFI TOC. Gaps may exist between any two regions. All bytes in the ADIP Aux Frames
hall be set to (00).

x0C000 0x0C800
A A 4

EFI TOC gap hash region | gap | DKB region
}\ 7 < AN
\ 4 AN N bytes
\ / AN . A

/ H N
] 5 / .

) 16 bytes N | DkB DKB | -

,' —A \ # of copies specified in EFI TOC
i | hash hash | - | hash |

256:bytes i # of copies specified in EFITOC

ET

OG- ETOC | ETOC

nly

at

ditional format information. The EFI TOC defines the location and contents of the regions contained
bnded Format Information, see B.1.1. The EFI TOC shall be stored in the /ADIP Aux Frames (see
n the Data Zone, starting at the ADIP word that has Physical ADIP Address (00C000). The regigns

e

5 pre-recorded areas in the main data channel. Each region contains one or more copies of a data

er

Fl
Fl
Fl
sh
B,
n

8 copies

Figure B.1 — Example lay-out of Extended format information in ADIP

B.1.1 EFITOC

The EFI TOC starts at the ADIP word that has Physical Address (00C000). The length of the EFI TOC is 8
ADIP Aux Frames, which is equivalent to 2048 consecutive ADIP words. As shown in Figure B.1, the EFI TOC
consists of 8 consecutive copies of an ETOC block. The ETOC block consists of at most 16 Region

98
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Descriptors, as defined in Figure B.2. The combined size of all Region Descriptors contained in the ETOC
block shall be no more than 256 bytes. Remaining bytes shall be set to all zeros, such that the size of the
ETOC block is exactly 256 bytes.

Bit

Byte 7 6 5 4 3 2 1 0
(_) Region Descriptor #1
Region Descriptor #2
Region Descriptor #n
(00)
255 (00)

Figure B.2 — ETOC block

Région Descriptor #i: Region Descriptor #i contains information with-respect to the i-th reglon of the
EXtended Format Information (1 < i < n < 16). A Region Descriptor~consists of a Basic Region Pescriptor
followed by zero or more Extended Region Descriptors. The formai-of a Basic Region Descriptor is|defined in
Figure B.3. The format of an Extended Region Descriptor is defined in Figure B.4.

Bit

Byte 7 6 5 4 3 2 1 0
0 (msb)
1 Region Type ldentifier
2 (Isb)
3 Extent | Version number
‘51' (msb) Region Start Address (Isb)
6 (msb)
: Data Block Size
9 (Isb)
10 Repeat Count
11 Reserved | Brivate
12 (msh)
: Alternative Location
15 (Isb)

Figure B.3 — Basic Region Descriptor

gion. Type ldentifier: The type of the data block that is contained in the region. Data blockg stored in

Extent: The Extent bit shall indicate if this Basic Region Descriptor is followed by an Extended Region
Descriptor, as follows:

0: This Basic Region Descriptor is not followed by an Extended Region Descriptor.
1: This Basic Region Descriptor is followed by an Extended Region Descriptor.

Version Number: The revision of the data block type that is contained in the region.

© ISO/IEC 2007 — All rights reserved 929


https://standardsiso.com/api/?name=5011cf9f220105fb984eba2cea944851

ISO/IEC 29642:2007(E)

Region Start Address: If the data block is stored in the ADIP Aux Frames, the Region Start Address is given
as the Physical ADIP Address of the ADIP word that contains the first byte of the data block, divided by 256.
The Region Start Address shall be greater than or equal to (00C8). If the data block is not stored in the ADIP
Aux Frames, the Region Start Address shall be zero. In that case the Alternative Location shall be non-zero
and specify the location of the data block in the main data channel.

Data Block Size: The size in bytes of a single copy of the data block in the region. The Data Block Size shall
be set to zero if the data block is not contained in the ADIP Aux Frames.

Repeat Count: The number of consecutive copies of the data block that are contained in the region. If the
data block—s—stored—intheABIPAtxFrames—and-the—regiomextends—throtigh-the—end-of-the—BiskReps
Count shdll be set to 0. The Repeat Count shall be set to zero if the data block is not contained in the AQIP

Aux Framgs.

Reserved: All reserved bits shall be set to ‘0’.

Private: Tlhe Private bit shall indicate if a Drive is permitted to output the contents of the redion; as follows:
0: A Drive is permitted to output the contents of the region.
1: A Drive is not permitted to output the contents of the region.

Alternatiye Location: In addition to, or alternative to storage in the ADIP Aux’Frames, the data block may pe
stored in @ contiguous area of the main data channel. In that case, theAlternative Location specifies the first
Physical $ector Number of the location in the main data channel that €ontains one or more copies of the data
block. Otherwise, Alternative Location shall be set to zero. Note thatthe format of the data block as contained
in the ma|n data channel may be different from the format of thé data block as contained in the ADIP Aux
Frames.

Bit
Byte 7 6 5 4 3 2 1 0
0 (msb)
1 Region Type Identifier
2 (Isb)
3 Extent | Version number
4
: Reserved
15

Figure B.4 — Extended Region Descriptor

Region Type Identifier: the Region Type Identifier shall be identical to the Region Type Identifier contained
the preceding Basic Region Descriptor.

n

Extent: The Extent bit shall indicate if this Extended Region Descriptor is followed by another Extended
Region Dgscriptor, as follows:

0: ThiSEXtended Region Descriptor IS not tolflowed by another Extended Region Descriptor.
1:  This Extended Region Descriptor is followed by another Extended Region Descriptor.

Version Number: the Version Number shall be identical to the Version Number contained in the preceding
Basic Region Descriptor.

Reserved: All reserved bytes shall be set to (00).
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Annex C
(normative)

Measurement of light reflectivity

4_Ga.|_i_b_|:a'|-inh maothod
O HEetHOG

THe reflectivity of a disk can be measured in several ways. The two most common methods aré:

- darallel method,

- f

Fg

re

W

(R
co
pa

A
re

bcused method.

evant and easiest one, while for the calibration of the reference disk the parallél method is easier.

hen measuring the reflectivity in the focused way, only the light returned by the reflective layer

erence disk shall be measured by a parallel beam\as shown in Figure C.1.

R

S

Figure C.1 — Reflectivity calibration

r use in players the focused method with the help of a reference disk with’ known reflectivity ig the most

pf the disk

) Will fall onto the photo detector. The reflected light coming from the front surface of the disk ard the light
ming from the parasitic reflections inside the disk will mainly falloutside the photo detector. Becquse in the

rallel method only the “total” reflectance (R;) can be measured, a calculation is needed to detgrmine the
main” reflectance from the reflective layer.

good reference disk shall be chosen, for instance 0;6"mm glass disk with a golden reflective mjirror. This

In

©l

this figure the tollowing applies:

reflectance of the recording layer (including the double pass substrate transmittance)

= reflectance of the entrance surface

ref = reflectance as measured by the focussed beam (is by definition = Rf%g )

= incident beam

= reflectance caused by the reflectivity of the entrance surface

SO/IEC 2007 — Al rights reserved
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Py
1]

L
|

main reflectance caused by the reflectivity of the recording layer
reflectance caused by the internal reflections between the entrance surface and the recording layer

measured value (Rg + R, + Rjt)

The reflectance of the entrance surface is defined by :

S

n-1
n+

2
re = [—J , where n is the index of refraction of the substrate.

The main

The referd
the refere

reflectance R, = R, - Rq -R;; which leads to:

o {3

ef: =
|
B 1—rs><(2—R”j
Is

nce disk shall be measured on a reference drive. The total detector surrent (/; + I,) obtained from
hce disk, and measured by the focused beam is equated to R,,, as determined above.

Now the @rrangement is calibrated and the focused reflectance is allinéar function of the reflectivity of the

recording
surface.

ayer and the double pass substrate transmission, independently from the reflectivity of the entrance

C.2 Metsuring method
i

Reflectiv
A method
(1) Mea
(2) Mea
whe
eras|
dete
(3) Calg

Ry 1

y in the unrecorded Information Zone
of measuring the reflectance using-the reference drive.

sure the total detector current (Iy. + /o) from the reference disk with calibrated reflectance R .

sure the total detector curent (/4 + 15), from a groove track in an area of the disk under investigation
'e the groove track and the two adjacent tracks on each side of the track to be measured have been
ed. Erasure of these/tracks shall be done by irradiating the tracks using only the Pe power jas
rmined from the-OPC algorithm (see Annex I).

ulate the unrecorded disk reflectance R as follows
Iy +1

(1 2)g XRiof

(v lg )

Reflectivity in the recorded Information Zone

A method

of measuring the reflectance using the reference drive.

(1) Measure the total detector current (/; + I,); from the reference disk with calibrated reflectance R 4.

(2) Measure I, from a recorded groove track in an area of the disk under investigation where at least the
two adjacent tracks on each side of the track to be measured also have been recorded. Recording of
these tracks shall be done using the optimum powers as determined from the OPC algorithm

(see

102

Annex ).
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(3) Calculate the recorded disk reflectance R4, as follows:

__han
R = o), R
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Annex D
(normative)

Measurement of birefringence

D.1 Pri

retardatio

radial direction

Figure D.1 — Ellipse-with ellipticity e = b/a and orientation 0

The orienfation @ of the ellipse is determined by the orientation of the optical axis
0 =y-n/d 1)
where y id the angle between.thie optical axis and the radial direction.

The ellipti¢ity, e = b/a, is(afunction of the phase retardation &

{55 ?

When the phase retardation §is known the birefringence BR can be expressed as a fraction of the wavelength

D
I

—

QO

BR = L(S nm (3)
27

Thus, by observing the elliptically polarized light reflected from the disk, the birefringence can be measured
and the orientation of the optical axis can be assessed as well.
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D.2 Measurements conditions
The measurement of the birefringence specified above shall be made under the following conditions.

Mode of measurement in reflection, double pass through the substrate.

Wavelength A of the laser light 640 nm £ 15 nm
Beam diameter (FWHM) 1,0 mm £ 0,2 mm
Angle B of incidence in radial direction 7,0° £ 0,2°

ref[ativeto the Tadtatprane perpendfcutar
to|Reference Plane P

Disk mounting horizontally
Ragtation less than 1 Hz
Tgmperature and relative humidity as specified in 8.1.1

D|3 Example of a measurement set-up

Whilst this International Standard does not prescribe a specific device fomeasuring birefringence, the device
shown schematically in Figure D.2 as an example, is well suited for thisimeasurement.

//

: {
laser ——> @ : \ <«— photo detector

% < collimator lens
polarizer —
<« rotating analyzer

M4 plate — 5 /

\ l3. I
X
disc [ \f i 1

Figure D.2 — Example of a device for the measurement of birefringence

Light from>a laser source, collimated into a polarizer (extinction ratio ~ 10'5) is made circular by al A/4 plate.
THecellipticity of the reﬂected light is analyzed by a rotating analyzer and a photo detector. For evely location

lo) tha _dicl thao ol Ao tha oo s ol ae oFf th o et ot aclira. Tha allinticitve od n then be
tTC—OTS1IG— T At - ahRethRe-Mmadmdm—vyardes—o+the TtCTToTty are-fheasufrea—rnRe ulllr.ll.lull._y T4

calculated as

62 = Imin (4)

max

Combining equations (2), (3), and (4) yields

Imin

BR = & —&arctan
4 =n max
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This device can be easily calibrated as follows

Imin is set to 0 by measuring a polarizer or a A/ 4 plate,

Imin = Imax When measuring a mirror

Apart of the d.c. contribution of the front surface reflection, a.c. components may occur, due to the
interference of the reflection(s) of the front surface with the reflection(s) from the recording layer. These a.c.
reflectivity effects are significant only if the disk substrate has an extremely accurate flatness and if the light
source has a high coherence.
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Annex E
(normative)
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Measuring conditions for operation signals

THe general system diagram shall be as shown in Figure E.1.

—

4-quadrant
photo-detector

pre-amp's

HF-signal

|_

AC-coupling

EQ

LPF

phase detector

— filter
_ | VCO
slicer PLL
all data clock
edges signal

e.g. Time Interval Analyzer

jitter analyzer

start/stop signal
from revolution pu

Figure E.1 — General diagram for jitter measurement

E.2 Open loop transfer function for PLL

The open-loop transfer function for the PLL shall be as shown in Figure E.2
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Gain (dB)
A
-40 dB/decade
20-aB/decade
\
\
) 75
0{dB 2 , » Frequency (kHZ
R > : quency (kHz)
-40 dB/decade
Fligure E.2 — Schematic representation of the open-loop transfer function for PLL

E.3 Sliger

The slicer|shall be a 15t order, integrating feed-back auto-slicer with a -3 dB closed-loop bandwidth of 5 kHz

E.4 Conditions for measurement

The bandidth of the pre-amplifier-of-the photo detector shall be greater than 20 MHz in order to prevegnt
group-delay distortion.

Equalizer; 3-tap transversal filter with transfer function H(z) = 1,364 z2- 0,182 (1 + z4)
Low-passlfilter: 6! order Bessel filter, £, (-3 dB) = 8,2 MHz

Filtering plus-equalization:

- Gaimvariation' 1 dB max (helow 7 MHz)

- Group delay variation: 1 ns max. (below 7 MHz)
- (Gain at 5,0 MHz - Gain at 0 Hz) = 3,2 dB + 0,3 dB
a.c. coupling (high-pass filter) = 1% order, f. (-3dB) =1kHz

Correction of the angular deviation: only d.c. deviation shall be corrected.
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Gain (dB)
+6
B El S i 1N
— Equalizer <
v N
s ~
+3 ~ - ~ <

v \
/‘/ E li \\
qualizer +
,/ Bessel filter \

.
I~ .

~ rs
™ . ~ .
-3 Bessel filter T~
\ »
~
\ -
-6
0 5 Frequency (MHz) 10

Figure E.3 — Frequency characteristics for the’equalizer and the low-pass filter

E/5 Measurement

THe jitter of all leading and trailing edges over one-revolution shall be measured.
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F.1 Measuring-method-for-the-differential phasetrackingerror—

nce circuit for the measurement of the tracking error shall be that shown in Figure F.1. Each-output

The referd

of the diagonal pairs of elements of the quadrant photo detector shall be converted to binary,sign

independs

F

The gain
signal am
other to p
individual
smoothing
amplifier.

Special aftention shall be given to the implementation of the circuit*because very small time differences hg

to be mead|

The averd
shall be

where N i

F.2 Measurement of At /T without time interval analyzer

The relati
amplitude
The relatiq

Vi

Annex F
(normative)

Measurement of the differential phase tracking error

ntly after equalization of the wave form with the transfer function defined by:
(iw)=(1+16x10"xiw)/(1+47x108xiw)

plitudes. Phases of the binary pulse signal edges (signals B1 and B2).'shall be compared to eg
foduce a time-lead signal C1 and a time-lag signal C2. The phase comparator shall react to ea
edge with signal C1 or C2, depending on the sign of At;. A tracking etror signal shall be produced

the C1, C2 signals with low-pass filters and by subtracting by,means of a unity gain differen
The low-pass filters shall be 1% order filters with a cut-off frequéncy (-3 dB) of 30 kHz.

sured (1 % of T equals only 0,38 ns). Careful averaging is needed.

ge time difference between two signals from the diagonal pairs of elements of the quadrant detec

— 1
\f :NZAti

5 the number of edges, both rising and falling.

5 of the C1 and-C2 signals and the frequency component of the read-out signals are normaliz
n between thé.tracking error amplitude ATVE and the time difference is given by:

At 5 Vpc

S VP T VPO

e time difference AT is represented by the amplitude of the tracking error signal provided that re
d.

hls

of the comparators shall be sufficient to reach full saturation on the outputs; even with minimym

ch
ich
by
ial

for

where:

Vpc is the amplitude of the C1 and C2 signals
Ti is the actual length of the read-out signal in the range 3T to 14T

n.Tis
N.Nn.T

the weighted average value of the actual lengths
is the total averaging time.

The specification for the tracking gain can now be rewritten by using the tracking error amplitude as follows:

0.5x%

110

(Vp%) <ATVE <1.1x (Vp%) at 0,1 pm radial offset.
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Figure F.1 — Circuit for tracking error measurements
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F.3 Calibration of the circuit

Assuming that Vpc equals ~ 5 V and that the measured value of n equals ~ 5, then the above relation between
the tracking error amplitude ATVE and the time difference At can be simplified to:

ATVE=S! VPO AL
T n T

The average runlength n of the 8-to-16 modulated signal is depending on the data content and the averaging

time. The ; d
signal with 5T runlengths. For this purpose sinusoidal signals with a frequency of 2,616 MHz can be used.

Typically fhe pulses of signals C1 and C2 will be generated by some digital gate circuit with an output signal
switching petween ground and the supply voltage. This voltage swing is assumed to be about 5 velts, howeyer,
depending on the applied technology, it may deviate from 5 volts significantly.

Because the formal specification for the DPD signal is:

0,54 %g 1,1 at 0,1 um radial offset,

the measyrement by means of ATVE is influenced by the actual values,of<Vpc and n. Therefore the following
calibratior] procedure shall be applied.

F.3.1 Saturation of comparators

Make sur¢ that the gain of the level comparators is such thatfor all actual input signal levels, the signals B1
and B2 arg square wave signals. In this case the amplitude of the signal TVE is independent of the amplitude
of the inpyt signals.

saturation area

A
\/

TVE signal -
amplitude
0
0 >
Comparator input

H 1 Lide ol
<Iiyridal arripiuuc

Figure F.2 — Tracking error signal amplitude versus comparator input signal amplitude

F.3.2 Correction for n and Vpc

Because of the above mentioned deviations of n and Vpc, and possibly some other circuit parameters, a
correction factor K has to be determined, such that:

A_t/T(reaI) = K x ATVE (measured).
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This can be achieved in the following way:

a) Generate two sinusoidal signals A1 and A2 of frequency 2,616 MHz with a phase difference, and inject

them into the two equalizer circuits.

b) Measure the relation between At/T and ATVE, and determine K from Figure F.3:

= At/T(injected) . Now the set-up is ready for use.
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ATVET
1.2 -
theoretical line for

1.0 Vpc=5V and n=5
)

0.8 ZEN

0.6 ,/

0.4 ,/ exammple of

/0' measured line
0.2 yd

0
0 02 04 06 0.8 1.0nMT2

/

AtIT
—>

Figure F.3 2 ATVE versus At/T
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